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Abstract

Purpose — The purpose of this paper is to understand and explain how firms use simulation-based
decision support systems (DSSs) to optimize container space utilization.
Design/methodology/approach — Using a case study of a logistics company, this research analyzed
the application of optimization software through simulation to make efficient loading decisions.
The current study attempted to find a method for optimizing and making a loading plan to achieve
higher container space utilization using a simulation method.

Findings — A simulation-based DSS and application of an optimization method contributes to the
reduction of container shipment volume, and saves logistic costs and its delivery time. This research
offers a method for optimizing a loading decision to optimize container space utilization.

Research limitations/implications — The present study is based on a single case study of only one
specific type of product, i.e., motorcycle spares parts within a specific industry.

Practical implications — Apart from adding value to the shipment process and improving the
efficiency of loading plans, with the use of optimization software, the collaboration between buyers and
suppliers can be encouraged to reduce response time and bringing transparency in the pricing process
of the shipment.

Originality/value — This research addresses a key concern in the transportation industry: how to
reduce the logistics costs and the delivery time. This study demonstrates how a simulation-based tool
can be used to reduce freight cost, cycle time, instill waste minimization and improve overall value
addition.

Keywords Simulation, Thailand, Case study, Freight transportation, Decision support system,
Container logistics

Paper type Case study

1. Introduction
Containerization is a shipment method where commodities are placed in containers.
After the initial loading, the commodities per se are not re-handled in shipment until
they are unloaded at the destination (Vitasek, 2005). Containerization saves
transportation costs and increases accessibility via connections with other modes,
such as rail and trucking. It also reduces the risk of loss and damage. For some
firms, containerized shipments to foreign markets have reduced costs by a margin of
10-20 percent and have improved their service level as well (Coyle et al, 2003).
In containerization, container loading is a pivotal function for operating supply chain
Ene Al efficiently and its underperformance results into unnecessary costs and unsatisfactory
customer service (Bortfeldt and Wascher, 2013). Shipments must be consolidated and
loaded into containers of varying sizes and costs and then sent along the shipping

g Mamagement &D1@ - poutes for various destinations, and it creates challenges for shippers in finding an
o g allocation that minimizes the total container transportation and delivery costs (Qin
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order to satisfy their service commitments as well as keeping the cost to a minimum
(Tyan et al, 2003).

Containerization of bulk cargo has gradually emerged in recent decades despite the
reality that the factors that affect containerization have not been identified (Kawasaki
and Matsuda, 2015). A key concern in the container transportation industry is the
design of efficient and effective loading schemes for maximizing container space
utilization resulting in a reduction of container shipment volume and saving the
logistics costs (Zhou-jing and Kevin, 2007). In general, the calculation of carton volume
and the loading plan for a container depends on the operator’s experience and, in most
cases, the optimum loading solutions are not achieved. To achieve an effective and
efficient container loading is a complex issue and relying only on an operator’s tacit
knowledge and experience to achieve good utilization of space has been found to be
difficult. This has impact on the cost to a company and its profits. Thus, it is
recommended to maximize space utilization by using highly sophisticated optimization
techniques (Chua et al, 1998), and there have been numerous simulation-based
experiments conducted so far which provide guidance for achieving this result. Wang
et al. (2015b) studied lean principles using simulation optimization; Jovanoski ef al.
(2013) developed a modeling and simulation method to create vertical hybrid
simulation models, whereas, Lam and Ip (2011) used a simulation technique for
generating scheduling solutions.

Many researchers have studied the pros and cons of using the simulation technique.
Hilletofth and Lattila (2012) have researched the benefits and barriers of agent-based
decision support systems (DSSs) in the supply chain using a simulation method, while
the agility of a port system was studied by Pantouvakis and Dimas (2013) with the help
of a simulation exercise. By combining agent-based modeling and simulation and
system dynamics, Lattila ef al (2010) concluded that it is possible to create more
accurate and reliable expert systems. In a study of agent-based DSS of service-related
maintenance, Hilletofth ef al (2010) find that this approach can improve the
understanding of the problem domain and also generates a basis for decision making
and structural changes. Wang et al. (2014) proposed a mathematical model to deal with
trucking problems in yards by using a simulation model, while in an earlier study,
Ujvari and Hilmola (2006) looked at the transportation simulation systems based on
automated guided vehicles. In that background, using a simulation-based DSS, the
present research is concerned with finding a method for optimizing a loading plan to
achieve better utilization of container space. This study is an attempt to improve
supply chain operations by adding value through waste minimization and achieving
optimized loading in a shipping company.

2. Literature review

Logistic management is a key issue today, capturing the essence of integrated logistics
planning and management of activities involved internally and externally (Ralston
et al., 2015). Logistic service providers are competing vigorously in providing quality
services to their customers by minimizing the operational costs and maintaining their
profits. Transportation and freight consolidation are major issues for them in the
shipment process. Transportation plays an important role in the movement of a
product, and its non-availability at a specified time can lead to expensive repercussions,
such as lost sales, customer dissatisfaction and production downtime (Lambert and
Stock, 1993). Nevertheless, transportation usually represents the most important single
element in logistics cost for most firms (Ballou, 2004). In transportation, reduced rates

Simulation
based DSS for
optimization

237




Downloaded by TASHKENT UNIVERSITY OF INFORMATION TECHNOL OGIES At 01:56 08 November 2016 (PT)

IMDS
116,2

238

with larger shipment sizes encourage managers to ship in large quantities.
Consolidating small shipments into large ones is the primary way to achieve lower
transportation costs. This adds to the effective logistic management, and there is
significant evidence that the effective implementation of logistic management results
into an improvement of a firm’s performance (Sweeney et al., 2015).

2.1 The role of transportation in logistics management

An effective transportation system seeks to maximize the value of its services by
understanding the service needs of its customers, setting or negotiating prices high
enough to cover the delivery costs incurred and then delivering the desired services as
efficiently as possible (Wang et al,, 2015a). Hence, transportation objectives should be
centered on satisfying customers, minimizing costs and making a profit contribution,
while maintaining competitiveness (Wisner ef al,, 2005). Recent efforts have attempted
to reduce the shipping times and costs by increasing the various modes’ compatibilities
and by trying new mode of combinations (Coyle et al, 2003). Caputo et al. (2006) argued
that the adoption of a DSS can help logistics managers correctly select the carrier and
shipping mode while minimizing transportation costs. They are also of the view that
the proper choice of a carrier may significantly reduce shipping costs. Even greater
savings can be achieved by properly grouping customer orders in order to create
optimal shipments (Caputo et al., 2006). Freight consolidation has been studied by very
few researchers (Tyan et al, 2003). Hall (1987) studied the problems of freight
consolidation by using three strategies of consolidation, i.e., inventory consolidation,
vehicle consolidation and terminal consolidation. Structural simulation model was also
used by Pooley and Stenger (1992) to study the effects of freight consolidation. Freight
consolidation has achieved a significant attention and it helps in enhancing
environmental sustainability as well (Mansouri et al, 2015).

2.2 Containerization

A container is a large rectangular box into which a firm places commodities to be
shipped. After initial loading, the commodities are not re-handled until they are
unloaded at their final destination. Due to the increase in global trade, the demand for
the containerization process is growing. Recent studies related to containerization focus
on container loading and unloading optimization into the shipping vessels (Zeng et al,
2015), pricing and utilization of reusable containers (Atamer ef al, 2013), quay crane
scheduling (Bierwirth and Meisel, 2015) or container yard space optimization in the
container depot or terminal (Ambrosino and Siri, 2015). Containerization has several
advantages. For instance, it can be easily stored and transported resulting in lower
warehousing and transportation costs, reduced loading time, shorter transit time and
reduced risk of pilferage and damage during the loading and unloading process. On the
other hand, containerized shipments have several disadvantages. Not every port is
equipped to handle containers, thus limiting the number of shipping routes available.
Finding cargo for a container’s backhaul may be also difficult. Additionally, carriers at
the origin and destination are not always able to take advantage of the speed available
in loading and unloading containers, which leads to a decrease in efficiency (Coyle et al,
2003). Maximizing the efficiency of loading space utilization is the main concern in the
container loading process (Moura and Oliveira, 2005; Zeng ef al., 2015). Miyamoto et al.
(2007) find that a container loading problem needs a procedure for locating objects that
should be loaded into a container.



Downloaded by TASHKENT UNIVERSITY OF INFORMATION TECHNOL OGIES At 01:56 08 November 2016 (PT)

In general, container loading problems can be classified into two: one is a
homogeneity problem where a container consists of identical boxes and the other is
where heterogeneous sizes of boxes are used. Most of the algorithms for the container
loading problem are very “data dependent,” as they work well on a specific distribution
of box types (Juraitis et al., 2006). Chen et al (1995) proposed a mixed integer linear
programming for the problem of loading multiple containers. Lai et al (1998) proposed
a graph-based model for the loading problem with multiple customers’ orders where
cargos belonging to the same customer were packed together in the container. Martello
et al (2000) proposed a branch-and-bound algorithm for loading a single container,
which is then used in an exact algorithm for the three-dimensional bin-packing.
Additionally, heuristic approaches also present viable alternatives within a reasonable
time. Pisinger (2002) classified heuristic approaches into building patterns, namely,
wall building, stack building, guillotine cutting and cuboid arrangement. The wall
building approach constructs vertical or horizontal layers that reduce the solution
space and allows the use of a simple data structure in the implementation of algorithms.
Such an approach was introduced by George and Robinson (1980) who suggested a
sophisticated constructive heuristic based on vertical layers such that spaces not
occupied in a layer can be used in the subsequent layers. Morabito and Arenales (1994)
proposed a heuristic model that makes use of guillotine cuts as a strategy to obtain
competitive results compared to non-guillotine cuts. In the cuboid arrangement, the
container is filled by homogeneous blocks made up of boxes of the same type and with
identical orientation. Bortfeldt and Wischer (2013) also provide a heuristic model that
makes use of local arrangements with one or two blocks. In recent times, the use of
computer software to optimize loading decisions has been increasing, and shipping
companies are using software as DSSs to achieve efficiency in their supply chains.

2.3 Use of optimization software

Simulation optimization method considers the uncertain and stochastic factor in operation
process and can deal with complex constraints in scheduling model (Zeng and Yang, 2009).
In real life, container loading problems are complex. Providing technological assistance in
the form of computers or other equipment improves the ability to serve customers faster
and improves the quality of services, as well as having many other benefits (Wisner et al,
2005). Use of optimization software in improving loading and transport is a radical step in
this regard, which has had a huge impact in bringing efficiency in the containerization
process. Yu and Qi (2013) studied ways to improve the operational efficiency of inbound
containers using simulation, whereas, Yun et al. (2011) investigated the demand for empty
containers and their expected costs using simulation-based optimization. Optimization
software slashes the time it takes to work out the best solutions for the cargo by reducing
the loading time and improving packaging decisions. The answers arrive in minutes — not
hours or days. Loading plans, cutting patterns and packaging designs help to complete the
task efficiently and the whole exercise is easy to understand. There are a number of
software packages available to optimize the container utilization, including AutoLoadPro,
MaxLoad"Pro, CubeMaster and Cargo Optimizer, among others.

3. Research methodology

The present study is a case study providing detailed accounts of experiments undertaken
at an export trading company based in Thailand. To avoid the identity of the firm,
a pseudonym, Mekong Logistics Service Provider (MLSP), was used. The case study, as a
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method, was chosen to help us understand and analyze how shipping firms use
simulation-based DSSs to optimize their container space utilization. This was an in-depth
case study conducted in 2013 based on a simulation experiment. The present research
adopted the case study approach and analyzed container space optimization and system
improvement in the light of logistics and transportation principles. A case study research
aims to gain a deep understanding from the phenomenon under study using a limited
number of observations of supply chains or companies (Hilmola ef al, 2005). Conducting
a case study 1s a preferred approach when we need to answer “how” and “why” of an
experiment and there is little control over the events, and the focus remains on a real-life
situation (Yin, 2003). Eisenhardt (1989) also advocates case study approach in the early
stages of research on a topic or when a fresh perspective is needed and existing theory
seems inadequate for providing the answer. Case studies can be used for all kinds of
research, namely, exploratory, descriptive or explanatory (Ghauri and Grenhaug 2002;
Yin 2003). Our present research is inductive and based on a single case study, as Ghauri
(2004) opines that for an inductive approach and specific explanations we can use the
single case design. To optimize the container space, this research analyzed and compared
the current and proposed states using improvement metrics. In this experiment, Cargo
Optimizer 4.27 was chosen based on its availability and face value.

The study adopted the following five steps of data collection, problem identification,
analysis of improvement indicators, implementation and evaluation:

(1) Data Collection: data were collected from a container database, carton database
and financial database. The container database covered information regarding
various dimensions of containers, e.g., 20 ft, 40 ft, 40 ft High-cube (40 ft HQ),
their volume and capacity. The carton database included information regarding
size, pack number, maximum number of cartons that can be stacked, their
orientation, first-in-last-out and sequence loading information, types of cartons,
e.g., boxes or pallets and load positions, etc. The financial database focussed on
the transportation costs charged per shipment.

(2) Identifying the problems: the problem analysis was undertaken based on the
current situation and future expected improvements planned for this study.
In this leg of the experiment, product lists and packing dimensions were
prepared, container sizes for loading were identified and product lists of full
container loads (FCLs) were inserted into the software. In this exercise, adding
more items stopped when the volume size or weight constraints of the given
container reached an optimum. Based on the researchers’ observations,
problems were classified into three main areas, namely: under-utilized container
space, higher transportation costs and long order cycle time.

(3) Analysis of the improvement indicators: a comparison of the manual method,
which used an Excel spreadsheet vis a wvis optimization software Cargo
Optimizer 4.27, was undertaken to analyze the improvement indicators,
1e., volume utilization, transportation costs per unit and order cycle time.

(4) Implementation: at this stage, three experiments were undertaken. The first two
experiments, Experiment 1 and 2 were undertaken using the shipment 1 to
judge the suitability of the container size 40 ft and 40 ft HQ. After arriving at the
suitability of 40 ft HQ in the above-mentioned two experiments, Experiment 3
was conducted to judge the impact of optimization software on container size
40 ft HQ. This experiment was based on the shipment 2.
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(5) Evaluation: this step was conducted to evaluate the suitability of the three
experiments undertaken above. It was found that Experiment 3 with shipment 2
was most efficient and relevant.

The simulation experiment in this case study was based on two different types of
containers, e.g., 40ft and 40ft HQ containers. It is very important to clarify the
differences between the two types of containers used in this study. The length and
width of both the 40 ft containers and 40 ft HQ containers are the same. As a result, the
main difference is their height. The height of the 40 ft container is 2.390 millimeter,
while the height of the 40 ft HQ container is 2.697 millimeter. Hence, more goods can be
loaded into the 40 ft HQ container. The capacity of the 40 ft container is 67.7 m®,
whereas the capacity of the 40 ft HQ container is 76.3m°. If the cargo volume is
between 68 and 75 m® and the gross weight is not more than 23 mtons, the customer
can choose a 40 ft HQ container in order to benefit from the freight costs. Otherwise, the
customer has to load the goods into 1 x 40 ft and 1 x 20 ft containers. The gross weight
of the goods is very important.

3.1 Profile of the company

The present study was conducted at the MLSP Company, Thailand, which is striving
hard to sustain itself in a highly competitive Thai market. MLSP is an export trading
enterprise established in Thailand in 1997 with a small registered capital of two million
Baht having a total capital of 18 million Baht (US$1 = 30 Baht approx) in assets and
employing approximately 170 employees. It has been growing steadily in foreign trade
as an intermediary without having its own plant or products. Its major functions are to
find required products from domestic manufacturers, consolidate the shipments and
export those products to various destinations such as the Dominican Republic, USA,
Taiwan, etc. The company is involved in the export of motorcycle spare parts, canned
foods, canned coconut milk, herbs and other products depending on customer orders.
The value-added activities that the company provides to customers include trade
negotiation, product sourcing, consolidating the shipment, sending specification and
sample, quotation, export arrangement including documents, transportation
and foreign government requirements. The profit of the company comes from
commissions which are a markup on each product’s value; thus, an increase in more
sales volumes increases the profits of the firm. The company transports products in
containers by using ocean transportation, usually with a FCL terms.

4. Case findings and discussion
4.1 Improvement indicators
The key improvement indicators for the analysis of the results were as follows:

(1) Volume utilization: the efficiency of container packing can be measured in the
percentage of volume utilization (Thapatsuwan et al,, 2007). The calculation for
volume utilization is as follows:

Volume of boxes packed x 100%

Volume utilization = -
Container volume

(2) Transportation costs per unit: according to the financial data, transportation
costs directly affect container utilization of the company and show the
differential cost resulting from applying the new experimental method.
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(3) Order cycle time: this can be viewed as the accumulation of time, as an order passes
through each step in the order cycle. The order cycle time elements are order
transmittal time, order processing time, stock availability, production time and
delivery time. However, cycle time reduction is not just about completing a process
quickly. Rather, it is concerned with completing the given process effectively as well.

4.2 Data analysis
The collected data for the shipment of MLSP products were analyzed in three phases.
Phase 1 of the experiment optimized container utilization based on the results of
shipments that used traditional methods of human/manual decisions relying on
experience, vis a vis the method using Cargo Optimizer 4.27 software. This resulted in
comparing the results of the shipment after applying the new method to maximize
container space utilization. Subsequently, Phase 2 focussed on reducing
the transportation costs by comparing the order cycle time after adoption of the
optimization software and improvement achieved by eliminating wasted time in
the process. The last phase of the experiment dealt with reducing the total order cycle
time after the use of optimization software and analyzing the overall benefits achieved
in the process. The details of the experiment are discussed in the following paragraphs.
4.2.1 Phase 1: optimizing container utilization. Table I provides information about the
shipment 1 of the motorcycle spare parts which MLSP transports in a shipment with a
FCL of a 40ft HQ container. It also shows the calculations done using an Excel
spreadsheet to calculate optimized utilization, while the last two columns provide the data
after using the optimization software. The objective was to add products from the
customer inquiry until it reached the volume or weight capacity of the container.
It showed that the company could not optimize the 40 ft HQ container because shipment 1
used volume utilization of only 63.63 cubic meters or 84.42 percent and weight utilization
of only 14,397 kilograms or 45.88 percent, while the volume and weight capacity of 40 ft
HQ container was 75.38 cubic meters and 31,380.00 kilograms, respectively. The company
could not achieve optimal container utilization using the manual system, as it had to rely
on a trial and error approach when loading the containers and usually only 84-87 percent
of loading capacity was achieved. To deal with such challenges, optimization software,
Cargo Optimizer 4.27 was used to improve and enhance efficiency by optimizing container
space utilization. The experiments tested the company shipments and provided
alternative solutions. The steps are in accordance with Figure 1:

Remarks: number of cartons = quantity/packing;

Total gross weight (TGW) =number of carton x gross weight (kg);
Cubic meter (CBM) = H x W x L/1,000,000; and

Total cubic meter (TCBMS) = number of carton X cubic meter.

Experiment 1: use of optimization software and suggested improvement in shipment 1
using a 40 ft HQ container.

The first part of our experimental case study was to calculate the loading
improvement when using a 40 ft HQ container, which is referred to as Experiment 1 in
this research. This experiment started with inputting customer, cargo and container
information into the database of the shipment. The results showed the underutilization
of shipment 1 in both volume and weight capacity, which was 84.42 percent of volume
utilization (63.63 cubic meters) and 4588 percent of weight utilization (14,397
kilograms). The subsequent step of the loading process was based on the automatic
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Figure 1.
Calculation steps of
loading flow of
Cargo Optimizer 4.27

Input Specification

| Customer Il Cargos || Container ll Shipment I
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Load Option Load Options
Automatic Manual

Load Summary

Load Summary

A 4

calculation done by the chosen software. The load summary indicated load statistics as
amount of used container space and the number of loaded and left cartons. In this
shipment, all 2,236 cartons were loaded into a 40 ft HQ container and the software
provided a loading plan that showed step by step loading of cartons into the container
by using animation and a load report which suggested the best loading and provided
data to expedite the optimum loading decisions.

Experiment 2: use of optimization software and suggested improvement in shipment 1
using a 40 ft container.

In this research, the improvement after using the software while shipping into a 40 ft
container is referred to as Experiment 2. In this leg of the experiment, Cargo Optimizer
4.27 software was used with a 40 ft container instead of a 40 ft HQ container and results
were compared for container utilization. The results showed mixed improvement over
Experiment 1. It utilized almost the full capacity when a 40 ft container was used.
The percentage of volume utilization was found to be 94.18 percent (or 63.63 cubic
meters out of 67.57 cubic meters) but the weight utilization was achieved to the extent
of 4527 percent (or 14,397.40 kilograms out of 31,800 kilograms) only. For this
experiment, 100 percent loading means that all 16 items in 2,236 cartons of shipment 1
were possible to load into a 40 ft container. The animation helped to see the possible
loading scenario before the actual human loading took place and the loading plan
reports showed the results of the loading process with the position of cartons arranged
in a container.

Experiment 3: use of optimization software and suggested improvement in shipment 2
using a 40 ft HQ container.

Experiment 3 of this experiment dealt with the use of the optimization software for
the current customer order in a 40 ft HQ container, which is referred to in this research
as shipment 2 (see Table II). The use of software resulted in a load summary of a total of
55,900 pieces being loaded into 2,424 cartons, which were subsequently loaded into
a 40 ft HQ container. The results of past manual calculations for the same shipment
was between 84 and 87 percent for volume capacity utilization, which marked an
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improvement of up to 91.61 percent (96.06 cubic meters) of volume utilization after the
use of optimization software. This also resulted in 63.68 percent (19,984.10 kilograms)
of weight utilization, which was much higher than the earlier two experiments.

4.2.2 Phase 2: reducing transportation costs. The company improved its operating
strategies for transport optimization in people, process and technology and gained
benefits after using the optimization software. Total transportation costs of shipment 1
showed improvement with the use of optimization software (refer to Table IV).
In traditional method, the transportation cost of shipment was resulting from an
under-utilized container loading. Employees wasted time in trial loading and unloading
all products into the container for two days. The reasons were that each motorcycle
spare parts shipment contained a variety of products and different sizes of packaging
and were difficult to load. There was no fixed loading plan to guide staff arranging
cartons into a container. Staff skills in loading were based on their own experience
which was time consuming. The company had to use many staff members for one
shipment. The total transportation expenses came to 23,425 Baht per shipment in this
method. The main transportation cost used to come from variable cost of rent for a
loading yard for two days (i.e. 2,000 Baht) and the labor cost was 7,000 Baht. Using
optimization software helped in arranging cartons into a container, and employees
loaded cartons by following the automatic loading plan report. This reduced loading
time from two days to one day. In addition to minimizing the loading time, this method
also reduced the transportation costs. The company reduced its rental of a loading
yard by 1,000 Baht and reduced the labor costs by 3,000 Baht, the cost of supervisor by
1,000 per day, and the number of loading staff was reduced from five to four resulting
in saving 500 Baht per day.

4.2.3 Phase 3: to reduce order cycle time. The customer order cycle time of shipment
contains all the time-related events that make up the total time required for a customer
to receive an order. The order cycle time consists of the following elements: order
transmittal time, order processing time, stock availability, production time and delivery
time. For any shipment, the order transmittal time begins with the customer sending
enquiries by e-mail or fax to the company. After receiving them, the company sources
suppliers, check order availability, its prices, credit terms and packing lists with
suppliers and thereafter sends a quotation and specification details to the customer.
In the traditional shipping method without using any optimization software, the
company used to calculate carton volumes in a spreadsheet until there is a FCL which
was usually found to be in the range of 84-87 percent of container volume utilization.
After that, the company issues a pro forma invoice to the customer and waits for a
purchase order. In consolidating an order from a customer, the firm takes about
18 days. Subsequently, after receiving a purchase order, the company has to wait for
the arrival of T/T deposit (Telex or telegraphic transfer) from the customer and only
then does the company issue the final purchase order to suppliers.

In the traditional system, the next step is to plan a loading schedule for suppliers
and inform them of the time planned for the shipment loading, reserve the booking with
a shipping line and obtain shipping documents, such as invoices, packing lists, bills of
lading (B/L) and custom formality documents, etc. The total time taken for this order
processing was about seven days. For stock availability and production time, normally,
customer products are made to order. Manufacturers do not keep stock, so the company
has to wait for production processes with a lead time of about 30-45 days. Delivery time
comes next and, after finishing production, the ready products are packed into cartons
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and the company appoints all suppliers to deliver products to the loading yard. On a
loading day, the staff uses their own experience by trial loading and it used to take two
days. The mode of transportation for shipment in this case was sea freight and the
transport lead time from port of origin to customer destination took about 45 days.
After loading, the company collects T/T balance from the customer and prepares
payment to suppliers. B/L and export documents are also required to be sent to the
customer. Thus, total delivery time came about 47 days, the total customer order cycle
time of traditional system is shown in Figure 2.

Hence, the order cycle time or customer order process flow of shipment without
using any optimization software was found to be 102 days. This is described in
Figure 3.

After using the optimization software, there was a huge improvement in the order
cycle time. The customer order cycle time clocked for shipment was 13 days. It included
the order’s transmittal time elapsed in the communication from the point when the
customer sends an inquiry to the point when the company orders consolidation to a
FCL 40 ft HQ container by using optimization software. It also included the time
elapsed till the company receives a purchase order. The next segment is order
processing time, which includes time elapsed in awaiting the arrival of T/T deposit
and issuance of a purchase order to suppliers and time wasted waiting for the
suppliers’ purchase order after their final consent. The plan loading schedule is then
sent to suppliers who load the shipment, reserve a booking with a shipping line and
prepare shipping documents, such as invoices, packing lists, B/L, custom formality
documents, etc. The total time elapsed in order processing is about six days.
For stock availability and production time, there was no stock and the company had
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Figure 4.
Customer order
cycle time of
shipment after
using optimization
software

Table III.
Volume utilization of
shipments 1 and 2

to wait for production lead time of about 30 days. The next important issue is the
delivery time. After finishing the production, all suppliers deliver the products
to the loading yard and loading is done with a load plan report. It takes only one day.
The company delivers shipment by sea freight and the transport lead time to
customer destination takes around 45 days. After loading, the company collects the
T/T balance from the customers and prepares payment to the suppliers. B/L and
export documents are also sent to the customer. So, the total delivery time taken is
about 46 days. The total customer order cycle time of shipment is 95 days, as shown
in Figure 4.

4.3 Data comparison

This section compares the results of container utilization between the traditional
operation method mainly based on human decision and the method using optimization
software. The key evaluations of testing validity were volume utilization,
transportation costs per unit and accumulated order cycle time process.

4.3.1 Volume utilization. Based on the results of the experiments, shown in Table III,
the traditional operation cannot fully utilize the container space in both shipments 1
and 2.

The earlier decision on cargo loading capacity was based on human experience.
The addition of more volume may have the risk of unloading all cartons of the customer
order into a container. After applying optimization software, the results showed that
shipments 1 and 2 were utilizing container space properly and volume utilization
increased from 84-87 to 90 percent or more. Automated calculation of optimal
quantities and automated loading plan reports indicate clearly the position of each
carton, which matches volume with the best size of container. This was demonstrated
when shipment 1 was actually loaded in a 40ft container with greater volume
utilization of 94.18 percent.

4.3.2 Reduced transportation cost per wmit. In the traditional method of
transportation without using any optimization software, the transportation costs per
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Shipment 2 ~84.87% Human 2days 91.61% Automate plan 1 day
(40 ft HQ) (~63.66 CBM) decision 69.05CB. M)  report
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unit of shipment in 40 ft HQ container was 0.59 Baht/unit calculated by dividing total
transportation costs of 23,425 Baht by total quantity i.e., 39,100 units. After using the
optimization software, the transportation cost per unit of shipment 2 in one container
of 40ft HQ containers was found to be 0.33 Baht/unit (total transportation costs
18,425 Baht divided by the total quantity of 55,900 units). This information shows that
use of optimization software reduced transportation costs per unit from 0.59 Baht/unit
to 0.33 Baht/unit in this experiment. In addition, the traditional method of shipment
used to take two days to achieve complete loading, whereas, with the use of
optimization software, shipment 2 was loaded within one day with fewer staff and
less rent for the loading yard. It reduced the transportation costs from 23,425 Baht
to 18,425 Baht (see Table IV). The company saved 5,000 Baht per shipment for an
average order of 8-12 shipments per year, and thus saved transportation expenses by
40,000 Baht-60,000 Baht per year for the firm.

4.3.3 Order cycle time reduction. Table V summarizes the cumulative cycle time of
the traditional operation of all sub-processes (i.e. order transmittal, order processing,
production time and delivery time) for shipment without using optimization software,
which was 102 days. After using the software, the total order cycle time clocked was
95 days with an improvement of seven days. With the use of the software, the order
transmittal was reduced from 18 to 13 days with an improvement of five days. Order
processing time decreased by one day through improvement in sharing information

Loading time

Description 1 day 2 days
Export document fees

B/L fee Baht 4,400.00 Baht 4,400.00

Export formality charges Baht 2,400.00 Baht 2,400.00

C/O and C/F Baht 330.00 Baht 330.00

Customs documentation fees Baht 200.00 Baht 200.00
Port gate charges Baht 1,095.00 Baht 1,095.00
Trailer Baht 6,000.00 Baht 6,000.00
Rent loading yard Baht 1,000.00 Baht 2,000.00
Labor cost

Supervisor 1 person Baht 1,000.00 Baht 2,000.00

Staff @ 8,500/day Baht 2,000.00 Baht 5,000.00
Total transportation cost Baht 18,425.00 Baht 23,425.00

Note: Expenses for one container/shipment of motorcycle spare parts
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Table IV.
Transportation cost
per shipment based
on the loading time

Total order cycle time

Activities Before After Improvement
Order transmittal 18 days 13 days 5 days

Order processing 7 days 6 days 1 day
Production time 30 days 30 days 0 day
Delivery time 47 days 46 days 1 day

Total order cycle 102 days 95 days 7 days

Note: Time before and after improvement

Table V.

Total customer order
cycle time before and
after the introduction
of optimization
Software
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with suppliers. The delivery time also showed a reduction of one day loading activity,
with the company being able to eliminate extra rework from its employees.

The present case study was concerned with container loading problems arising out
of traditional and manual calculations based on the tacit knowledge and experience of
loading staff, which led to a waste of container space and escalation of loading costs.
Use of optimization software was able to generate optimized use of container space and
volume utilization, use of appropriate container size, reduction in loading time and the
resultant savings in loading expenditures, thereby making the whole experience of
loading efficient and effective. It aided in bringing customers and suppliers satisfaction,
as well, and streamlined transactions with the suppliers and customers and ultimately
cut down the total time elapsed in final loading. The case study was successful in
conducting experiments involving comparisons of shipments using a traditional
manual operation based on human decisions vis a vis use of optimization software.
The improvement results showed that many more companies can optimize their
container utilization by using the automated system to bring efficiency in their system
and to cut down the costs involved.

5. Concluding remarks

5.1 Conclusions and implications

The study was successful in conducting experiments involving comparisons of
shipments using the traditional manual operation based on human decisions and using
software and applying logistics and supply chain strategies to eliminate waste in each
process. It was quite evident in this study that use of optimization software was able to
generate better use of container space, volume utilization, use of appropriate container
size and reduction in loading time. It led to savings on loading expenditures and
making the whole process of loading more efficient and effective. It aided in
streamlining transactions with suppliers and customers and ultimately cut down the
total time elapsed in the final loading. The findings of the study suggest that many
companies can optimize their container utilization by using the automated system to
ensure efficiency and cut costs. The study goes well in line with the earlier studies of
Tyan et al (2003), Bortfeldt and Wascher (2013), Kawasaki and Matsuda (2015) and
Qin et al. (2014).

Container operators and logistics service providers face the challenge of ensuring
cheaper, faster and better services in the shipping industry. There is a need for research
that can shed light on handling maximum possible loads, with large call sizes within
the shortest time possible at competitive rates. In addition, there is a need to replicate
this simulation-based optimization process with other non-uniform products in other
industries. Lack of collaboration between the shipping company and the suppliers in
this study was evident which is a cause for concern. There is a need to standardize
packaging as much as possible in order to increase loaded volumes and to utilize space
efficiently. This will also facilitate an efficient loading plan by packing the cargo as
specified to avoid mistakes and reduce cost. There is a strong need to share information
among buyers, suppliers and shipping companies to minimize response time and its
variability. Shipping companies should encourage customers to send their order plans
in advance to reduce order cycle time and cut the costs of services.

The present study resulted in better volume utilization of containers and in cutting
transportation costs, as a result of improved loading decisions with the use of
optimization software. Shipping companies should also train their staff to fully exploit
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the benefits of the software utilized and reward them adequately so as to reinforce this
kind of behavior. Use of optimization software by most shipping companies may
reduce transportation requirements, which will lead to better usage of shipping
facilities and minimize the impact on the environment. Usage of such tools by shipping
companies will definitely contribute toward lower carbon emissions and environmental
impact (Mansouri ef al., 2015). This can also improve the image of shipping companies
in the larger societal context by creating a win-win situation for all stakeholders.

5.2 Limitations and further research

One of the major limitations of this experiment was that we investigated only one
specific type of product, e.g., motorcycle spares parts within a specific industry.
The packaging and loading process of these parts is quite uniform and may not have
many variations. Therefore, the findings of this research may not be generalizable to
other products. Due to the paucity of time, other optimization software was not
evaluated using SWOT analysis to benchmark the best optimization software to be
used in this experiment. Also, the different scenarios in this study were limited, as the
study was conducted involving only two different containers types (40 ft and 40 ft HQ).
So, future studies should conduct a sensitivity analysis with different shipments to add
new insights. Cargo Optimizer 4.27 used in this study is a powerful optimization
software but it has its own limitations in handling mixed loading. Future research
should focus on the innovative container space optimization technologies for capacity
utilization, and developing new models for creating customer value by using efficient
loading systems. It will help in bringing operational efficiency for logistics service
providers, shipping lines@ and port/terminal operators.
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