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1. Introduction
The expansion of palm oil plantations in regions like 
Southeast Asia has significantly contributed to the 
increase in its global trade volume, although it raises 
concerns regarding deforestation and biodiversity loss [1]. 
Additionally, the growing utilization of crude palm oil 
(CPO) in biofuel production, driven by policies promoting 
renewable energy sources, has propelled its international 
trade, highlighting its significance in the context of energy 
sustainability. As a result, the intricate interplay between 
economic, environmental, and social factors underscores the 
complex dynamics influencing the escalating trade of CPO 
the global stage.
In the context of global CPO trade via marine transportation, 
the size of ships plays a pivotal role in the strategic decisions 
of shipping companies operating as ship operators. The 

choice between purchasing or chartering vessels involves 
meticulous consideration of cargo volume, transportation 
efficiency, and operational costs. Optimal ship size 
selection influences economies of scale, impacting loading 
capacities and voyage expenses, thereby allowing shipping 
companies to effectively meet market demands while 
maximizing profitability in the competitive landscape of 
CPO transportation.
Meeting fleet requirements requires strategic fleet planning, 
which involves activities like acquiring new vessels or 
chartering existing ones. In addition, addressing the specific 
characteristics of the CPO export shipping markets is crucial 
given their competitive and highly volatile nature. Therefore, 
planning should include both the timing for expanding the 
fleet capacity and the appropriate moments for reducing 
it, which can be accomplished by selling or scrapping 
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Abstract
This paper presents the application of strategic ship fleet planning for the maritime transportation of crude palm oil. This study aims to determine 
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selling vessels within the fleet. To achieve this, mixed integer linear programing is utilized as the optimization framework for strategic ship fleet 
planning. To ensure a more authentic approach, the investigation utilized a case study focused on the export of Indonesian crude palm oil. The 
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examining the effectiveness of such measures.
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ships. Hence, the optimization of fleet planning is crucial 
for determining the appropriate timing for the chartering, 
purchasing, or selling of vessels within the fleet. Ship fleet 
planning in maritime transportation can be categorized based 
on its planning level into three main stages: strategic, tactical, 
and operational fleet planning [2]. Strategic fleet planning 
primarily focuses on critical decisions related to ship 
acquisition, sales, chartering, and scrapping [3]. Numerous 
research papers have explored strategic fleet planning in 
liner shipping [4-13], and tramp shipping contexts [3,14-17]. 
One study concentrated on strategic maritime fleet planning, 
incorporating the potential for retrofitting and uncertainties 
related to future fuel and carbon prices [18].
Strategic ship fleet planning using Mixed-Integer Linear 
Programing (MILP) optimization is a critical approach 
in the shipping industry, addressing various operational 
challenges, such as fleet deployment, scheduling, and cost 
management. This method allows for the simultaneous 
consideration of multiple objectives, including economic 
efficiency and environmental impact, thereby enhancing 
decision-making processes in fleet management. MILP 
models can optimize service schedules, vessel speeds, 
and cargo allocation while balancing costs and emissions. 
For instance, a model that integrates CO2 emissions and 
operational costs demonstrates the trade-offs between 
economic and environmental objectives [19]. A previous 
study developed a MILP formulation for shuttle tankers that 
incorporates variable travel times to improve scheduling 
efficiency under logistical constraints [20]. Another study 
proposed a model that considers multimode investments for 
fleet capacity expansion to address market fluctuations and 
operational needs [21].
This section presents the development of a strategic ship fleet 
planning model tailored specifically for CPO transportation. 
The MILP optimization model is designed to maximize the 
overall profit and to offer recommendations regarding the 
ideal timing for chartering, buying, or selling vessels in the 
fleet. To be more realistic, the research was carried out using 
a case study of Indonesian CPO exports.
The present study differs from previous studies on strategic 
fleet planning of tankers [3]. The previous study primarily 
focused on contract analysis for tanker shipping, where 
strategic fleet planning was based on the existence of freight 
contracts in tramp shipping, such as spot charter, Contract 
of Affreightment, and time charter [22]. Consequently, the 
objective function of the optimization model is to maximize 
profit by determining which transportation contracts to 
serve. In contrast, the present study focuses on strategic 
fleet planning to meet the optimal fleet requirements for 
transporting CPOs, specifically using Indonesia as a case 
study. The proposed approach provides a comparative 

analysis between existing and optimal fleet requirements. 
Unlike previous studies, the present study considers the 
transportation demand to be fully met without regard to the 
form of transportation contracts. This study provides novel 
insights into strategic ship fleet planning by emphasizing 
the practical implications of MILP for both the government 
and shipping companies. By providing recommendations 
based on robust analytical models, this study aims to 
address specific fleet needs for exporting cargo, particularly 
Indonesian CPO cargo. Furthermore, the outcomes of this 
study align with government policies, especially beyond 
cabotage policy. This policy enhances the competitiveness of 
national shipping companies by allowing them to operate in 
international markets. By understanding and optimizing fleet 
requirements, policymakers can facilitate trade and improve 
the competitive position of local shipping companies in 
the global market. The recommendations derived from this 
study will not only support the implementation of the policy 
but also enhance the overall economic performance of the 
maritime sector.
The remainder of this study is organized as follows. Section 
2 outlines the materials and methods, Section 3 discusses the 
results and analysis, and Section 4 provides the conclusions.

2. Materials and Methods
2.1. Study Area
The CPO is a key export commodity for Indonesia. It is 
exported to various countries, including India and several 
European Union nations, while the remainder is sold 
domestically. Hence, it was selected as our study case. 
Statistics on Indonesia’s CPO exports reveal a consistent 
upward trend from 2016 to 2019, with annual growth rates 
ranging from 12.03% to 19.44% [23]. Given the growing 
global demand for CPO, Indonesia’s CPO export volume is 
expected to continue to rise [24].
With the increasing volume of CPO exports, the Indonesian 
government took steps to establish a national maritime 
transportation policy. This policy was introduced through a 
series of Minister of Trade Regulations, including Number 
82 of 2017, Number 80 of 2018, Number 40 of 2020, and 
Number 65 of 2020 [25-28]. Among these regulations, one 
significant policy stipulates that exporters are obligated 
to utilize vessels under the control of national shipping 
companies when exporting certain commodities, including 
CPOs. The rationale behind implementing this policy is 
rooted in various factors, such as challenging global economic 
conditions and Indonesia’s trade deficit in the services sector 
[29]. This policy is commonly called the “beyond cabotage 
policy”, and it has been in effect since July 2020 [30].
Currently, the fleet of chemical tankers registered under the 
Indonesian flag and operated by national shipping companies 
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primarily serves the transportation of CPO between domestic 
ports for domestic transportation needs. In contrast, foreign 
shipping companies appointed by CPO importers largely 
handle the transportation of CPO for export purposes. 
The trade of CPO exports from Indonesia generally uses 
International Commercial Terms (INCOTERMS) of the 
Free on Board (FOB) terms, with the Cost Insurance and 
Freight (CIF) terms being very rarely used [31].
The Beyond Cabotage policy implemented by the Indonesian 
government aligns with the government’s desire to propose a 
shift in international shipping INCOTERMS, specifically for 
CPO, from FOB to CIF. Implementing the beyond cabotage 
policy for CPO exports presents considerable challenges 
if not supported by an adequate fleet of chemical tankers. 
According to the Indonesian Ministry of Transportation, 
only 65 Indonesian-flagged chemical tankers suitable for 
transporting CPO is only 65 units, representing a mere 3.4% 
of the total tanker fleet [32]. Figure 1 shows the descriptive 
statistics (box-plot) of the fleet of chemical tankers 
transporting CPO. It can be seen that the average gross 
tonnage (GT) was 3,600 GT, and the average Length Overall 
(LOA) of the fleet was 94 meters. Only a few chemical 
tankers have a capacity above 10,000 GT and a length above 
120 meters.

Figure 1. Descriptive statistics (box-plot) of the fleet of chemical 
tankers transporting CPO

CPO: Crude Palm Oil, LOA: Length Overall

2.2. Research Framework
In this study, a strategic ship fleet planning model was 
developed to determine the optimal number of chemical 
tankers required, their capacities, and the suitable timing for 
chartering, purchasing, and selling the fleet for transporting 
Indonesian CPO exports. Figure 2 depicts a schematic 
representation of the research framework.
This study began with data collection, including demand 
data for Indonesia’s CPO export, chemical tanker fleet, and 
shipping cost data. Each dataset was then used for statistical 

analysis and clustering models to determine alternative 
chemical tankers to be considered in fleet planning. 
Subsequently, an optimization process was conducted using 
MILP to generate objectives in the form of the optimal 
number of chemical tankers required, their capacities, and 
the suitable timing for chartering, purchasing, and selling 
the fleet. In the optimization process conducted using 
MILP, there are several optimization conditions grouped as 
objective functions, decision variables, and constraints, as 
can be seen in Table 1.

2.3. Model Assumptions
The developed strategic ship fleet planning model considers 
CPO export demands from Indonesia to various export 
destinations over multiple years. This approach addresses 
challenges in determining the number of ships to operate, 
when acquiring or chartering vessels, and optimizing ship 
capacity. 
To address this challenge, optimization-based fleet planning 
aims to maximize profits by considering the revenue 
generated from freight costs charged to shippers and shipping 
costs based on the export destination and the used fleet.
Several model assumptions are made, including those 
pertaining to CPO export destination routes. Specifically, the 
model considers the five largest CPO export destinations: 
India, China, Pakistan, the Netherlands, and the United 
States. Data on CPO export demand in these countries were 
obtained from the microdata service of the Indonesian Central 
Bureau of Statistics [33]. Using the obtained data, CPO export 
demand forecasting was conducted for the 10-year fleet 
planning period (2023 to 2032). The forecasting model used is 
exponential smoothing forecasting based on the Additive Error, 
Additive Trend, and Additive Seasonality for Exponential 
Triple Smoothing algorithm. This algorithm mitigates minor 
fluctuations in historical data trends by identifying seasonal 
patterns and establishing confidence intervals [34].
To determine the optimal vessel capacity, a vessel alternative 
approach is employed, which is obtained by applying the 
K-Means clustering algorithm. Over 100 Indonesian and 
foreign-flagged chemical tankers are used for both domestic 
and international CPO shipments [32]. Ship data, including 
GT, LOA, and service speed (Vs), are used as attributes in 
the clustering method. The clustering results yield 6 clusters, 
each represented by the vessel closest to the cluster centroid. 
The clustering results are visualized in Figure 3, and vessel 
alternatives are derived from the vessels representing each 
cluster, as shown in Table 2. The table also presents several 
variables, such as dead weight tonnage (DWT), Draft, Main 
Engine (M/E) capacity, and Auxiliary Engine (A/E) capacity. 
These variables are used to calculate the cost of operating 
each vessel.
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Before presenting the optimization model’s formulation, the 
notations are defined in Tables 3-5.

2.4. Model Formulations
Equation 1 defines the objective function, which maximizes 
profit. The initial component assesses the revenue generated 
from servicing existing CPO export routes from Indonesia to 
various destinations or evaluates the feasibility of servicing 
these routes. The second component calculates the revenue 

obtained from chartering and selling vessels, considering 
the number of vessels and transaction values. The third 
component determines the costs associated with chartering 
and acquiring new vessels. The fourth component estimates 
the expenses related to new vessel purchases. The fifth 
component addresses the costs incurred during voyages. The 
sixth component includes both the operational and capital 
expenses associated with owned vessels.

Table 1. Optimization conditions

Objective Function Decision Variables Constraints
Maximizing profit to serve the export 

transportation of CPOs from Indo-
nesia to several export destination 

countries.

⦁ The number and capacity of vessels chartered.
⦁ Number and capacity of owned vessels, includ-
ing newly built and secondary acquired vessels.

⦁ Number of round trips.
⦁ Serviced and non-serviced routes.

⦁ Vessels must have sufficient capacity to meet 
the CPO requirements for serviced routes.

⦁ The total time spent on all round trips for each 
vessel type does not exceed the available time.

CPO: Crude Palm Oil

Table 2. Alternative chemical tankers to be considered in fleet planning

Cluster Vessel 
alternatives

DWT 
(ton)

Gross tonnage 
(GT)

LOA 
(m)

Vs 
(knots)

Draft 
(m)

M/E 
(kW)

A/E 
(kW)

0 ​v1​ 9,045 5,256 110 10 7.5 2,720 1,341

1 ​v2​ 49,539 29,965 183 12 12.5 12,750 3,600

2 ​v3​ 12,975 8,448 127 12 8.7 4,440 1,680

3 ​v4​ 25,086 16,202 160 14 10.5 5,200 1,800

4 ​v5​ 19,992 11,925 146 12 9.5 6,150 1,649

5 ​v6​ 3,974 2,432 85 5 4.1 462 240

Figure 2. Research framework

CPO: Crude Palm Oil
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            (1)

Equation 2 maintains the total count of owned vessels, and 
Equation 3 guarantees the total count of controlled and 
operated vessels. Equation 4 specifies that only owned 
vessels can be chartered. Equations 5 and 6 define the initial 
fleet, and Equation 7 restricts the acquisition of newly built 
vessels in the early stages due to delivery time requirements.

            (2)

            (3)

            (4)

            (5)

            (6)

            (7)

Equations 8 and 9 represent CPO demand and fleet capacity 
constraints. Equation 8 guarantees that the fleet has sufficient 
capacity to meet the CPO demands for the serviced routes, 
while Equation 9 ensures that the total time spent on all 
round trips for each vessel type on a route does not exceed 
the available time.

            (8)

            (9)

Equations 10-12 define the characteristics of variables such 
as Boolean and integer.

            (10)

            (11)

            (12)

3. Results
The MILP optimization model was solved using the MILP 
solver available in Matrix Laboratory (MATLAB) software 
[38]. Table 6 presents the results of the decision variable 
​​α​ r​​ , where 1 indicates that route r is serviced, and 0 indicates 
otherwise. It is noteworthy that CPO export routes to India 
and Pakistan are not currently serviced. Optimization models 
aim to maximize profits by finding optimal solutions. Thus, 
these two routes have higher shipping costs than the revenue 
generated by them.

Figure 3. Visualization of chemical tanker clustering results

Table 3. Sets and indices

Set Index Description

​T​ ​t​ The time periods are denoted as ​T  =  ​{0,1, 2,3, ⋯  , ​T​ max​​}​​, where period 0 represents the initial planning 
phase, and ​​T​ max​​​ indicates the maximum time period considered.

​R​ ​r​ Available CPO export routes from Indonesia to other countries

​V​ ​v​ Available vessel types
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In cases where an unserved export route exists, a specific 
increase in the freight rate on that route is required to boost 
revenue. This is done, of course, to ensure that the route can 
still be serviced while generating income for the shipping 
business. The question is, to what extent should the freight 
rate increase be applied to that route? This requires further 

analysis, including the use of methods such as sensitivity 
analysis.
As mentioned before, the Indonesian government, through 
the Ministry of Trade, is proposing a shift in international 
shipping incomers, specifically for CPOs, from FOB to 

Table 4. Parameters

Parameter Description Unit Data collection

​​T​ vr​​​
The total duration of a roundtrip of vessel type v  on route r , encom-

passing both the time spent at sea and the time spent in port. Days [35]

​​T​ vt​ 
TOT​​ Total time available for vessel type v  during the period t​ Days Depends on the vessel docking time 

(14 to 30 days)

​​D​ rt​​​ Demand for CPO on route r  during the period t​ Ton [33]

​​P​ v​​​ The cargo capacity (Payload) of the vessel v​ Ton 90% of the DWT

​​A​ vr​​​
This binary parameter is set to 1 if assigning vessel type v  on route r  
is feasible. Draft-related constraints typically define this parameter. - Port bathymetry along each route

​​F​ v​ 
0​​ Quantity of vessels of type v  that are owned during the planning 

period Ship set to 0, implying that no vessel was owned 
during the planning period.

​​R​ r​ 
SV​​ Revenue from the servicing route r​ USD Based on forecasted CPO export demand and 

calculated freight rate for each route

​​R​ vt​ 
SL​​ Revenue generated from sale of vessel type v  during the period t​ USD Based on depreciation calculation 

(5% per year)

​​R​ vt​ 
TC​​ The revenue generated from time chartering vessel type v  during the 

period t​ USD Based on the time charter rate [36]

​​C​ vr​ 
VY​​ The cost of a round trip for sailing route r  with vessel type v​ USD Based on port and fuel consumption cost

​​C​ vt​ 
BY​​ The expenditure for acquiring vessel type v  during the period t​ USD Based on depreciation calculation 

(5% per year)

​​C​ vt​ 
NW​​ The expense associated with acquiring a new vessel of type v  during 

the period t​ USD Tanker new building price (BIMCO)

​​C​ vt​ 
TC​​ The expenses associated with chartering a vessel of type v  during 

the period t​ USD Based on the time charter rate [36]

​​C​ vt​ 
OP​​ Operational costs of vessel type v  during the period t​ USD Based on vessel operating expenses 

per DWT [37]

​​C​ vt​ 
CP​​ Capital expenditures for vessel type v  during the period t​ USD 80% of the acquisition price with an interest 

rate of 4% per year [3]

Table 5. Decision variables

Decision variable Description Unit
​​N​ vt​ 

TOT​​ Total number of vessels type ​v​ utilized during the period ​t​ Ship

​​N​ vt​ 
OWN​​ Number of vessels of type ​v​ owned during the period ​t​ Ship

​​N​ vt​ 
TCin​​ Number of vessels of type ​v​ that are on time charter (charter in) during the period ​t​ Ship

​​N​ vt​ 
TCout​​ Number of vessels of type ​v​ that are under time charter (charter out) during the period ​t​ Ship

​​N​ vt​ 
BY​​ Number of vessels of type ​v​ obtained during the period ​t​ Ship

​​N​ vt​ 
NW​​ Number of newly ordered buildings of type ​v​ vessels during the period ​t​ Ship

​​N​ vt​ 
SL​​ Number of vessels of type ​v​ sold during the period ​t​ Ship

​​α​ r​​​ A binary variable that takes the value of 1 if route ​r​ is serviced and 0 if it is not -

​​y​ vrt​​​ Total number of roundtrip completed by vessel type ​v​ on route ​r​ during the period ​t​ Roundtrip
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CIF [31]. This policy change also drives the emergence of a 
beyond cabotage policy as a subsequent measure. The policy 
does not restrict CPO exports to specific countries; rather, 
it creates opportunities for shipping and transportation 
companies to actively participate in the CPO export business. 
Thus, although this research indicates the existence of 
underserved CPO export routes, it does not imply that these 
routes cannot be served. Shipping companies can cater to 
these routes, albeit with the requirement for a minimum 
increase in freight costs to achieve a balance between revenue 
and operational expenses.
The results generated from this research are displayed 
in Table 7. The table displays the fleet planning results 
during the planned period. This includes the total number 

of operated vessels, the number of owned, acquired, newly 
built, and chartered-in/out vessels, and the number of sold 
vessels. In the early stages of the planning period, the fleet 
is prepared by chartering-in, followed by acquisition of the 
fleet without any new builds until the end of the planning 
period. Some of the acquired vessels were chartered out 
during this period. This demonstrates that, in addition to the 
CPO freight market, the charter market also offers promising 
revenue opportunities. Furthermore, there were several sales 
of owned vessels during the planning period.
Table 8 presents the number of vessels operated for each 
vessel alternative (fleet size and mix). Alternative vessel 
number 4 (v4 ), with a capacity of approximately 16,000 GT, 
emerges as the preferred option. Although the principle of 
economies of scale indicates that larger vessels offer better 
benefits, it does not imply that vessels with large capacities 
can be used indiscriminately. Draft limitations for vessels 
entering certain ports are significant factors in this decision. 
Vessel number 4 did not have the largest capacity but was 
the second-largest among the alternatives considered in 

Table 6. Decision variable ​​α​ r​​​

r1
India

r2
China

r3
Pakistan

r4
Dutch

r5
US

0 1 0 1 1

Table 7. Result of fleet planning (number of vessels)

Planning period Operated Owned Acquired New built Charter in Charter out Sold
1 33 0 0 0 33 0 0

2 34 59 59 0 0 25 0

3 39 64 5 0 0 25 0

4 38 68 6 0 0 30 2

5 56 86 18 0 0 30 0

6 55 85 0 0 0 30 1

7 51 81 1 0 0 30 5

8 52 82 6 0 0 30 5

9 45 75 0 0 0 30 7

10 53 45 0 0 8 0 30

Table 8. Number of vessels operated for each vessel alternative

Number of operated vessels
Period v1 v2 v3 v4 v5 v6

1 0 0 0 33 0 0

2 0 0 0 34 0 0

3 0 0 0 39 0 0

4 0 0 0 37 0 1

5 0 0 0 41 0 15

6 0 0 0 40 0 15

7 0 0 0 41 0 10

8 0 0 0 47 0 5

9 0 0 0 45 0 0

10 0 0 0 51 0 2
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Table 2. This indicates that the maximum draft limitation, 
represented by the ​A​ vr​​  parameter in the optimization model, 
is appropriate. Therefore, the obtained results can be deemed 
feasible.
Based on the data presented in Figure 1, the existing chemical 
tanker fleet has an average capacity of approximately 3,600 
GT, comprising 65 vessels. Meanwhile, the optimization 
results (Table 8) indicate a trend toward an increasing fleet 
size of type v4  vessels, with the overall fleet size steadily 
growing. The vessel type, v4 , has a capacity of approximately 
16,000 GT, as indicated in Table 2. This indicates a potential 
gap between the fleet requirements based on the optimization 
results and the actual conditions of the existing fleet. The 
composition of this fleet provides insights for shipping 
companies in executing CPO transportation, particularly for 
exports. Moreover, it serves as a focal point for the government 
to assess and evaluate the fleet support provided by national 
shipping companies in implementing beyond cabotage policy.
This research, at the very least, can provide a solution to the 
tendency of mutual waiting between shipping companies and 
the government. Shipping companies await the development 
of the CPO shipping industry, while the government 
continues to wait for shipping companies to increase their 
fleet size to support the export of Indonesian CPO. Therefore, 
this research provides an overview of solutions for shipping 
companies to decide on acquiring fleets to support the 
implementation of the beyond cabotage policy advocated by 
the government.

4. Conclusion
This study developed a strategic ship fleet planning model 
tailored for Indonesian CPO exports to determine the optimal 
number of chemical tankers required, their capacities, and 
the appropriate timing for chartering, purchasing, or selling 
vessels. The model, which is structured as MILP optimization, 
was designed to maximize profits while ensuring the fleet’s 
capacity meets the CPO export demands. 
The analysis revealed a significant gap between the current 
capabilities of the existing tanker fleet and the requirements 
identified by the optimization results. The existing fleet had 
a relatively low average capacity, which was insufficient 
to meet the optimal fleet needs for CPO transportation. 
In contrast, the optimization results indicate a clear trend 
toward increasing the fleet size, particularly for a specific 
vessel type with a much larger capacity. This disparity 
highlights the necessity for fleet expansion to align with the 
growing demand for CPO exports, emphasizing the potential 
for enhanced operational efficiency and profitability through 
strategic investments in larger, more capable vessels.
Upon careful examination of the fleet planning results 
outlined earlier, it is possible to derive significant 

conclusions pertaining to the indispensable fleet requisites 
essential for bolstering Indonesian CPO export endeavors 
and effectively addressing the intricacies posed by “the 
beyond cabotage policy”. The essence of this research 
lies in its comprehensive exploration of strategic fleet 
planning concerns, encompassing not only the intricacies of 
ascertaining the precise number of vessels for operation but 
also the intricacies of determining the opportune moments 
for vessel acquisition or charter. Additionally, a crucial facet 
of this investigation involves the meticulous determination 
of the optimal ship capacity to ensure optimal operational 
efficiency. However, it is imperative to underscore the 
necessity for further in-depth analysis, with a particular 
focus on scrutinizing the dynamics of shifts in CPO demand, 
fluctuations in shipping costs, and the nuanced considerations 
surrounding ship charter expenses.
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