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A Study on Ship Fleet Management Planning
Based on Mathematical Model
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1. Introduction

Ship fleet management bears in variety of problems such as routing, scheduling, and deployment of ships in
a fleet. A good overview situation of ship fleet management planning provided by Ronen [1,2]. By
definition, routing is the assignment of sequences of ports to a ship. Scheduling refers to the routing of ship
with time attached in various events on a ship’s route while deployment is defined when ships are
designated to perform multiple consecutive trips on the same route, and therefore this problem is associated
with a longer planning horizon. ’ '
The fleet of ships may involve ships of different size, speed and cost structure. A ship involves
capital/fixed cost and operating cost. A capital cost usually counted to in million US dollars while the daily
operating cost can be thousands of dollars. From these facts, it is crucial to improve significantly economic
aspect of shipping by increasing ship utilization. In this sense shipping companies have many similar
problems such as deciding routes and schedules for available ships in the fleet and deciding the optimal size
of fleet as well. More efficient use of ships leads to the more efficient use of natural energy (fuel oil).
Mathematical modeling has been widely employed to solve several versions of ship fleet management
problem. This study aims to apply mathematical modeling to several problems in ship fleet management
planning. Following are three different topics which bears in the area of ship fleet management planning
carried in this study: ship routing problem transporting two-type of commodities, marine inventory routing
for petroleum products distribution problem, dand ship routing design for Japanese domestic container
transportation. Following sections are discussing individual research topics taken in this research.

2. Ship Routing Problem Transporting Two Types of Commodities
2.1. Background and Problem definition

In port operation, ships often require to deliver/pickup or both simultaneously pickup and deliver some
amount of cargos. The type of cargos can be the same single cargo, or multiple commodities. As the
operation of semi-container ship, she has to serve several amounts of cargos in different types say, cargos
in container unit and pallet cargos in tonnage unit. This study aims to determine the size of fleet of known
ships types and to determine corresponding route for each ship while transporting two-commodity cargos.
In order to find the optimum size of fleet with their corresponding routes, the objective is set as to minimize
total costs of transport which consist of fixed and operational costs.

The network of study is based on hub-and-spokes environment. In hub-and spokes environment, one
port is set as a hub port and the remaining ports are set into feeder ports. One route is defined as voyage of
a ship from hub port to at least one feeder port and return to the hub port. For preliminary study, the
operation at hub port only to pickup the cargos while the operation at feeder port for delivering cargos. It is
assumed that there is no simultaneously pickup and delivery operation at feeder port. . Time
operation/planning period are taken as weekly service (168 hours). It means that as long as this planning
period is not violating, the ship can make several routes within this planning period.

2.2. Solution Method and Numerical example

To solve the problem, solution approach is followed work of Fagerholt [3] and Suprayogi et al. [4]. In their
approach, the procedure consists of three phases of the optimization algorithm; generating feasible single
route, generating multiple routes, and solving the set partitioning problem formulation. In a development of
from previous works [3,4], this study discusses two type of commodities to be transported by ship while
their studies only focusing on one type of commodity.



In Phase 1, solution approach aims to generate all feasible single routes while all constraints are not
violated such as ship capacity and planning route time. If there is more than one available ship, single
routes are generated for all ship types. To ensure that ports in a route have an optimal visiting sequence, a
traveling salesman problem (TSP) for ports in route is employed. In Phase 2, multiple routes based on all
feasible single routes have been at phase 1 were generated. A multiple route can be described as a route
which consists of two or more single routes. The feasibility of the multiple routes is controlled by
maximum planning horizon. All generated multiple routes must not violate the maximum time horizon.
Moreover, based on all feasible generated single and multiple routes, the optimal set of routes that give the
cost minimum were selected by formulating the problem into set partitioning formulation. The algorithms
on Phase 1 and Phase 2 can be seen in Table 1.

Solution method is applied to a set of ports in a hub-and-spokes environment. Seven ports in Indonesia
are studied; Tanjung Perak , Tanjung Emas , Sampit , Samarinda , Balikpapan, Ujung Pandang , and
Pantoloan. As a second largest port in Indonesia, Tanjung Perak which is located in Surabaya, East Java is

“selected as a hub port and other ports as feeder.ports. Given demand data, ship type, and other economics
data, Fig. 1 shows the illustration of routes and fleet composition to cover all demand of shipping services.

Table 1: Algorithm on Phase 1 and Phase 2

Algorithm on phase 1 ] Algerithm on phase 2
begin begin
Calculate sailing time #;, for each ship & n=1;
Generate a set of subset u repeat
for each subset z do for each ship k do
for each ship k do for each single route r,, € Ry, do
begin for each single route 7 € R, do
if maximurm cargos loaded less than or equal to begin
ship capacity( ¢, sC, and d,s D') then if {(no same feeder port i served by both routes)
besi and total route time is less than or equal to
: lanning hori
Perform TSP and calculate route time; planning horizon (; s . <7)) then

if (total route time #, < max. planning 7) then begin
Set the route as a single route r, and
calculate total cost;
end;
end;

Combine route r . € Ry and 74 € R, intomultiple

Route Ship

roite rp; € R, and calculate total cost;
end;

Tanjung Perak - Tanjung Imas - Tasjung Ship typc A (12.5 Knot)
Perak ~ Sampit -- Tanjung Perak

end; = "_He“d; Tanjung Perd - Danjarmasin ~ Baikpapan  SHp 57 C (125 Ko
? =nel ‘anjung Peral
until no new combination of multiple routes Tanjung Perak - Ujung Pandang - Pantoloan -~ Ship type B (15 Knol)
can be generated; Tanjung Perak . ,, _

end;

Fig. 1: Routes and fleet composition

3. Marine Inventory Routing for Petroleum Products Distribution Problem
3.1. Background and Problem definition

In order to distribute their products, a company often ships the products not initiated by orders from
customers, but rather the company must schedule the shipments to assure the customer never run out of
stock. This challenging problem in logistical problem by integration between vehicle routing problem and
inventory control is known as inventory routing problem. '

Another type of inventory routing problem also arises in the area of sea transportation where ships are
used instead of trucks. Ronen [5] stated the term of marine inventory for the cases in the sea transportation.
Although marine inventory routing problem are similar with the inventory routing problem, there are
several differences: a fleet of ships may consist of ships with different size, compartment, cost structure and
other characteristics. When shipment consists of multiple products to be loaded in the same ship, the
quantity of product have to be adjusted to fit the available compartment size. In marine inventory routing,
the number of ports in one voyage which are served by one ship usually consists of one or few unloading
ports while the transit time is usually much longer (days instead of hours).

This study focuses on determining a set of delivery routes for heterogeneous ships from a single
distribution center to several demand locations. Moreover, this study addresses the question on how much
to ship the products to demand points within planning horizon. Due to its nature, the products must be
shipped in separate compartments. There is a known limited storage capacity for each product at each
demand point while distribution center is assumed never run out of stock availability.

3.2. Solution Method and Numerical example

Two phases of approach is employed to solve the problem. The main idea of the approach is to construct a
set of delivery routes within shipment planning period and execute the routes in recurrent basis for longer
planning horizon. In phase 1, by giving available ships with different compartment size and cost
components, a set of delivery routes are generated. In phase 2, based on delivery routes obtained in phase 1,
we decide how much of each product to ship at every shipment period.

In phase 1, the approach aims to generate a set of delivery routes for available ships to transporting
products from a single distribution center to demand points in one shipment period. To determine a set of
delivery routes, first we define a cluster of ports to be a group of demand points that can be served cost
effectively by a single ship. Shipping distance that corresponds to a cost serving a cluster depends on
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geographic locations, storage capacities, and usage rates for each product. We estimate shipping distance to
visit demand points in the cluster to be the length of an optimal traveling salesman problem (TSP) tour
using Held and Karp dynamic programming. We employ a set partitioning in order to determine an optimal
delivery routes from feasible routes using different ship sizes. Phase 2 addresses the question on how much
each product to ship from distribution center to demand points using delivery routes obtained from phase 1.

The shipment period is extended to longer planning horizon. The problem is modeled into mixed integer
programming based on work by Campbell et al [6]. Moreover the formulation was modified to cover multi-
products and heterogeneous types of ships. In the. first step of this phase, we try to estimate how many
routes should be made by the company within the planning horizon.

Three different product types (gasoline, kerosene, and diesel oil) need to deliver to demand points using
small tanker ships. It is assumed that two types of small tanker ships are available. Small tanker type 1 has -
dedicated compartment for gasohne kerosene, and Diesel oil respectively 500:750:750 m’® while small
tanker type 2 has 700:1000:1000 m’. All ships have the same 12.5 knots of service speed. The company
must ship their products in order to assure the demand point does not out of stock. The inventory of each
product is specified by the maximum tanks’ capacity and consumption rates of each product at demand
locations. In order to increase ship utilization by means increasing operation time over planning, the ship is
allowed to make multiple trips. Multiple trips were generated by combining every single trip obtained in
phase 1 and the numbers of trips and quantity to deliver were calculated. Fig. 2 shows solution by
considering only single trips was done by the ships in the fleet while Fig. 3 shows the solution when
multiple trips are allowed. *
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Route cost: USD. 108,773.88

Fig. 2: Solution for single trip only Fig. 3: Solution by considering multiple trips

From figures above, it can be seen that by allowing a ship to make several trips over planning horizon, the
number of ships can be reduced as well as the total cost for distributing the cargos.

4. A Ship Routing Design for Japanese Domestic Container Transportation

4.1. Background and Problem definition

Due to the Kyoto protocol [7] released by the United Nations Framework Convention on Climate Change
(UNFCCC) which is mainly concerned about greenhouse gas emission, Japan has to reduce greenhouse gas
including carbon dioxide (CO,) at least 6% within the period of 2008 - 2012. In the transportation sector,
one way to reduce CO, emission can be achieved by effective and efficient transportation routes/planning.
The optimal vehicle routes lead not only to the minimum CO, emission but also to minimizing
transportation cost.

In the Japanese domestic container transporta‘uon problem Kobe port is considered as a hub port. There
is a huge amount of containers imported from foreign countries what are being loaded down at Kobe port.
Kobe port behaves as hub port in the vehicle routing problem with pickups and deliveries (VRPPD). A
certain amount of containers have to be delivered to each feeder port and at the same time, some containers
need to be picked up from the feeder port and sent back to the hub port (Kobe). The aim is to find the
optimal set of ship routes and ship fleets with the least carbon dioxide emission which will satisfy all
customer demands and respect the maximum capacity of vehicles and maximum ship traveling time
constraint.

4.2. Solution Method and Numerical example

The method was done by formulating mathematical. model two phases: route construction (Phase 1) and
route combination phase (Phase 2). Phase 1 address on generating individual ship routes with the least
carbon dioxide emission in total, while the route combination phase will combine the individual ship routes
from Phase 1 and assign the combined routes to ships by not violating the maximum traveling time of ship.
The objective of Phase 1 is to minimize the CO, emission from ship transportation while Phase 2 is to
minimize the number of required ships. In Phase 2, the problem is formulated and solved a bin packing
problem. In this study, the maximum traveled time of each route is defined in advanced, and maximum
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time can be considered as a bin capacity. The total traveled time of each individual route is similar to the
_volume of objects to be packed in the bins.

Demand data for pickup and delivery cargos for 21 ports are considered in this study. To serve these
ports, 4 types of ships with different capacity and speed are used. Following table shows the CO, emissions
resulted by each ship type. It can be seen that Shinnitsukaimaru gave the lowest CO, emissions.

Table 2: Result summary from four types of ships

Key indicators Ship name
Ashiya _Shinnitsukaimaru _Shinkobe _ Tsurumi
Maxi authorized payload (TEU) 250 250 140 140
Speed (knot) 145 12.0 16.8 14.0
Main engine horsepower (PS) 2800 2200 3500 2000
CO; emissions (ton) 351.45 33342 - 535.84 37135
Total traveled distance (NM) 5,380 5,376 7,603 7,684
Number of required routes 13 13 21 21
Number of required ships 5 5 5 6

Several scenarios were simulated in order to find correlation between the ship sizes, speed and waiting time
at port to the increase of CO, emissions as shown in Fig. 4 and Fig. 5. From these Figures by employing
larger ships (250 TEU) will give less CO, emissions compared with smaller ships (140 TEU) since smaller
number of ships in the fleet are necessary in order to cover all the demand.
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Fig. 4: Waiting time and CO2 emission for 250 TEU Fig. 5: Waiting time and CO2 emission for 250 TEU

5. Conclusion

In this thesis, mathematical modeling approach has been used in order to solve three different topics that
bear in the area of ship fleet management planning. The contribution of this study is ranging from the
modeling aspects to the development of solution approaches for the problems under study. Two types of
commodity ship routing problem is considered in this study. Based on method proposed by other
researchers, the origin models have been modified in order to solve routing of ships carrying different types
of products. Formulation for solving marine inventory routing issue also developed. The development is
done by some modification to existing methods. The proposed formulation worked well for given
numerical example in order to solve problem of transporting various kinds of petroleum products to
demand locations. The formulation also made possible that the different products can be carried by the
same ship in her voyage. In the third topic, 2 modification from the existing Simultaneous Vehicle Routing
Problem with Pickup and Delivery (SVRPPD) problem was done in order to solve the real shipping
problem for the Japanese domestic container transportation.
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