fH=N

e

R

UL §)

| ey - l=r1
A‘— I* - I‘

B

-
TR

AR e
| |

The International Forum on
Shipping, Ports and Airports
(IFSPA) 2017

% THE HONGKONG PolyU 8 X 7 % bt
PolyU QR LOLY TECHNIC UNIVERSITY Business School

Innovative Transport
Logistics in Shaping
the Future of
Supply Chains

22 - 25 May 2017
The Hong Kong Polytechic University
Hong Kong

. CY TUNG
\\\\\\\\\\\\



Proceedings of the

International Forum on Shipping, Ports and Airports (IFSPA) 2017

Innovative Transport Logistics in Shaping the Future of Supply Chains

22 - 25 May 2017
Hong Kong

Edited By:

Tsz Leung Yip
Achim I. Czerny
Chin-Shan Lu



Proceedings of the International Forum on Shipping, Ports and Airports (IFSPA) 2017

22 —25 May 2017

Copyright © 2017

C.Y. Tung International Centre for Maritime Studies
Department of Logistics and Maritime Studies

The Hong Kong Polytechnic University

All rights reserved.

No part of this publication may be reproduced, transmitted, transcribed, stored in a retrieval system, or
translated into any language, in any form or by any means without written authorization from The Hong
Kong Polytechnic University.

ISBN: 978-962-367-811-7

The organizers and editors of this publication assume no responsibility or liability for the statements or
opinions expressed in papers or presentations by the contributors to this conference or proceedings.

September 2017



_ |FSPA 2017

The 9th International Forum on Shipping, Ports and Airports (IFSPA) 2017

| lmpgvative Transp@rt Lagistics in Shaping the Future of Supply Chains
I B 22425 May 2017 Hang Kang

S e T RS

The International Forum on Shipping, Ports and Airports (IFSPA) is an annual international conference
jointly organised by the C.Y. Tung International Centre for Maritime Studies and the Department of
Logistics and Maritime Studies of The Hong Kong Polytechnic University. It aims to invite international
academics and practitioners to discuss and exchange views on issues related to global maritime and
aviation economics, policy and management. The conference also serves as a good platform for

networking and promoting academic-industry collaboration.

Carrying the core message “Proud of PolyU - Proud of Hong Kong”, a series of events held on 25 November

2016 marked the beginning of the year-long celebrations, and IFSPA 2017 is one of the highlights of the
PolyU 80 Anniversary events in 2017.

The roots of IFSPA can be dated back to 2006 when it was started as a workshop with the objective to
promote high-quality research papers. Since then it has experienced significant successes and has

attracted more than 800 participants from different countries and regions of the world.



Preface

The 9% International Forum on Shipping, Ports and Airports (IFSPA) 2017 was successfully held from 22 — 25
May 2017, in Hong Kong. The proceedings contained a collection of 20 full papers out of 83 presentations
presented during the Conference. The topics covered include shipping economics, port strategy, airport
management, logistics development, environmental issues in logistics, port efficiency and competition, and
maritime safety and security.

The theme of IFSPA 2017 was “Innovative Transport Logistics in Shaping the Future of Supply Chains”. It aimed
at providing an interactive platform for international academics to discuss important issues related to
shipping, ports, and airports. It also advocated the adoption of innovation management and technology for
maximisation of competitive advantage, economic benefits and sustainable developments of transport,
logistics, shipping and trading industries worldwide.

This year the Forum comprised 5 Keynote Sessions, 1 Industrial Session, 2 Special Sessions and 19 Parallel
Sessions. During the event, world-famous scholars and industry leaders shared with participants their insights
on issues relevant to maritime and trade economics, policy and management. More than 100 delegates came
from different parts of the world including Belgium, Canada, Chile, Germany, Japan, Norway, Shi Lanka, South
Korea, Sweden, Taiwan, Thailand, The Netherlands, and the U.S.

Led by the C.Y. Tung International Centre for Maritime Studies of The Hong Kong Polytechnic University, IFSPA
is an annual international event devoted to maritime, aviation and logistics studies to discuss and exchange
views on contemporary issues facing the sectors, and further advance academia-industry cooperation.
Through participation from relevant international and regional organisations, the increased pool of
participants has enabled IFSPA to become an important event in the transport logistics sector. We are pleased
that the event has secured significant support from local governmental agencies and institutions to assist with
its coordination and implementation. Conference participants now include the world’s leading maritime and
aviation experts and professionals.

The IFSPA 2017 Organising Committee greatly appreciates the invaluable contribution from the invited
speakers, paper authors, paper reviewers, conference co-organizers and partners.

Finally, we thank members of the Organising Committee and Conference Secretariat who had offered both
moral and technical support to the conference and this proceedings. In particular, we would like to thank
Violette Wong and Tsz-him Chan.

The Editors

Tsz Leung Yip

Achim I. Czerny
Chin-Shan Lu

Hong Kong, September 2017
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Optimization Model to Identify the Benefits of Developing an Inventory Model to
Reduce the Dummy Items Flown in an Aircraft in Airline Catering Industry

Aravinda Dissanayake and W. W. Anuja Shamini Fernando

Department of Transport and Logistics Management, Faculty of Engineering
University of Moratuwa, Sri Lanka
Email: ara20451@gmail.com

Abstract

Airline catering is a dynamic industry which evolves rapidly. Different airlines use different set up in their
catering process. The meals are served on tray set up called rotables including trays, bowls and cutlery etc.
which weight approximately 0.5kgs. At the destination these rotables are removed, washed, sanitized and
prepared for a return leg flight.

To balance the inventories at each destination the flights fly with rotables equal to seat capacity. The empty
rotables are known as dead heads or dummy items. Currently most of the airlines in the world use this dead
heads to balance the supply. It creates unwanted weights onboard in the aircraft which are not really required
for the given flight and ultimately cause extra cleaning, drying and handling by the catering suppliers.

Through this research inventory management process will be developed to optimize the unwanted movement
of catering equipment on board. The savings through inventory management process will ultimately reduce
waste in the process and deliver benefits to the airline as well as the catering service providers at the
destination.

The research includes the current process identification of ABC airlines and ABC Catering limited through the
case study method. According to the developed model the dummy items will be reduced and an inventory will
be maintained at the destination. The optimum number to maintain at the destination that will incur the
minimum cost will be calculated by Excel Solver by giving the cost variables of new model. The minimum
total cost can be also identified using the sensitivity analysis where the inventory level is the independent
variable. The replenishment is done if the inventory level exceeds the optimum number or it reaches the zero
level. To identify the total cost the calculation can be done for a period of one year. Where,

Total Cost=a+pB+y+0o+¢

o = Purchasing cost

B = Cost of placing the inventory
v = Holding cost at the destination
0 = Replenishing cost

¢ = Extra cleaning and handling

The total cost of the new modal have to be compared with the current cost of dummy items movement and the
comparison will show the feasibility of the model. The calculation is for one route and an airline with several
hundred routes may have a considerable cost saving.

Keywords: Dummy items, Dead heads, Rotables, Replenish, Sensitivity Analysis

1. Introduction

Airline industry is one of the most dynamic and changing industry with 24 hours operation. Except for several
airports with night curfew most of the airports operate 24x7 and the based Airlines do too operate accordingly.



Therefore the catering services which provide meal services to those airlines have to operate throughout the
day. When an aircraft is landed at any airport there are items removed from the aircraft. This includes
catering items, pillows, blankets, bottles, magazines papers and earphones. When considering the catering
disposable items which are removed as garbage and other reusable items such as used trays, folks, knives and
glasses are there. This part should be returned to catering service providers for re use. This is where the
balancing of inventory part gets involved in airline catering services.

The meal items are loaded into trolleys or carts and they are placed in the aircraft galley. Once the aircraft
lands at the destination the trolleys are unloaded if the double sector catering is not done from the origin or
base airport. These rotables refer to non-disposable items used in catering where they can be used again after
proper cleaning. Then the waste is removed and reusable items are washed, dried and stored. Fresh supplies
are loaded to the aircraft with meals. Normally the aircraft do not fly always with filled passengers adhering
to the configuration and there are empty seats flying. These empty seats do not need catering supplies. But due
to imbalance in demand and breaking the flights into sectors can lead to heap up the trays and reusable items
in several places. To avoid this airlines use a concept called “equipment balancing” through sending the
rotable equipment to match the aircraft configuration. Therefore these rotables are only loaded with food
items to match the number on board. But few or maybe large number equivalent to empty seats go as “dead
heads” to balance the inventory levels in the system. Also they are known as “dummy” items where empty set
travels. Hereafter as generic terms ABC Catering Limited will be used as the catering service provider and
ABC Airline as the main supplier of this hypothetical catering provider. When ABC Airlines operate a flight
to its destination the catering supplies are loaded from hub airport and remaining is unloaded at the destination.
Then some of the items are disposed and reusable items are taken by the catering provider of ABC Airlines at
the given destination. Re using and developing a conceptual model to these re-usable items become vital in
the catering industry. Since there are demand fluctuations the development of this model can help the catering
suppliers to maintain an optimal level of inventories with the usage of inventory management.

1.1 Research Obijectives

. Identify current practices related to airline catering supply and logistics

. Compare best practices with the current practice and evaluate the potential of practicing

. Develop a conceptual model to be practiced in equipment balancing process of the Airline Catering
. Identify and highlight the savings of resources through optimization of the process.

Therefore the research objectives need to identify the current practices, bottlenecks faced and how to
overcome them through developing a new model to balance the inventory in the supply chain partners in
airline catering. This includes the parties involved in managing the reusable inventories

2. Research Methodology
2.1. Case Study

In this chapter the current process of ABC Catering Ltd and other airlines practices will be discussed.
Normally commercial airlines have two or three classes and economy class carry more passengers compared
to others. Therefore large number of items carried to accommodate economy class and in this research
economy class catering supply is considered. Due to several reasons and airlines practices the process of
buying catering supplies at the destination will be determined. However airlines normally have several
destinations where they have to buy catering supplies from a destination supplier. Current practice is the
aircraft will be loaded with rotables equal to seat number and these rotables will be filled with meals equal to
the actual passengers on board. This prevents stacking of rotables at anywhere in the system. The decision
making on dummy item loading is shown in the figure 1.
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Figure 1: Dummy item loading decision

The economy class rotables are made with a special plastic called melamine, glass and cutlery is made from
steel or plastic. The items in a rotable set of economy class consists of tray, salad bowl, tea cup, side plate,
meal plate, water tumbler and cutlery pack which weights around 500-600g without the meal depending on
the airline. An empty cart will be 15-25kg in weight. The weight can be different according to the cart type
used by the airline and facilities available with the cart. One rotable set is used to serve one meal and
depending on the duration two to three meals can be served. Unloaded rotables and carts will go through a
cleaning process.

2.2. Data Collection

Different types of data are required to analyze the problem and develop solutions depending on the study area.
Therefore quantitative and qualitative data will be required to be gathered from various sources using different
techniques. For the research quantitative data will be required mainly but there are some places qualitative
data will be also useful to identify some of the issues which are not visible from the numbers. There are
several methods available to collect the primary data and during the research to identify the current processes
personal interviews, visits to the catering facility, visit to airline departments, telephone conversations
information gathering were used. The data gathered was mainly focusing the current airline and catering
service practices in the industry. The secondary data refers to data collected by some other person or
organization to obtain their objectives. Therefore these data can be not directly related to the purpose of the
research. The secondary data related to the research was collected using the system generated reports of airline,
website information, journal articles and research papers.

2.3. Research Design

The current airline and catering service practices was observed through several visits to ABC Airline and
ABC Catering limited. Identification of current process included several email and telephone conversations
with the industrial personnel. The industry best practices were identified through the catering plant visit and
through personal interviews of airline related personnel. The process of identifying the best practices and
comparing them with the current practices were done through gathering data. Identification of the current
practices and industry practices will highlight the importance of the process and the issues in the current
process. Therefore developing a method to optimize the usage of dummy items has to be supported with the
savings and other benefits possible to achieve through this practice. Once the passenger flow is identified one
destination is selected with single meal offered on board to reduce the complexity of the model explanation.
Identification of all the cost variables associated with the new model will be used to clarify and research all
the cost variables that can affect the developing model. The model will be developed using the data collected
and the explanation will be done through entering the values to the selected example destination statistics.



Once the data is entered and the ultimate calculations will explain the possible savings gained through the
model.

3. Analysis and Results
3.1. Identification of Dummy Items Flow

ABC airlines operate to 30 destinations from the base and 99 destinations including codeshare agreements.
This includes short, medium and long haul flights operated directly and with one stops. From these 30
destinations there are 18 destinations where the airline does not carry double sector catering. These are the
destinations which need to be used as the sample for analysis. For these 18 destinations ABC catering service
provides catering supplies for one way and from that destination another catering supplier provides provisions
for the return leg. The usage of dummy items happens in these destinations.

3.2. Costs Associated With Dummy Movements

In the airline industry there is several cost factors associated with the dummy item movements. Some of these
costs are not directly visible to any party. Since airline catering is a collaborative outcome of the airline and
catering supplier some of the points kept hidden from both parties due to lack of information sharing. The
following costs were identified as directly involved costs in dummy items movement.

1. Cost of moving the dummy items between the origin and destination

2. Cost of washing, sanitizing and drying the dummy items

3. Labour cost and time spent on preparing and re arranging dummy items

4. Cost associated with replacing damage and broken dummy items during movements and cleaning

Above 1 and 2 can be identified and given with a value by measuring them in a way that they can be useful. 3
and 4 is directly not measurable but occurs in directly immeasurable way.

3.3. Inventory Model to Reduce the Dummy Items Flow

Developing the model to reduce the flow of dummy items and possible gains through the model will be
discussed.

i. Identification of passenger flow statistics

The passenger movement statistics plays the major role in developing the inventory model. Since the meals
served on board will be the actual passenger number travelled and the left over seats is the number will show
the dummy items on board. Initial stage of developing model will be identifying the passenger flow
consequences on the inventory if the dummy items are removed.

ii. Dummy items stack or lag at the destination

Without using the dummy items there is a possibility of stacking and lagging of the rotables at the destination.
To identify the impact of removing dummy items the possibility of stack or stock out situation need to be
identified. Therefore the impact is identified using the passenger movement for one year. The first operating
onward flight will carry rotables to match the passengers on board and for the return flight there can be less,
equal or more passengers compared to onward flight. If it is equal there will be no need of rotables at the
destination hypothetically. The identification of above requirement is explained in the Table 1. If the value is
plus it means there will be items stacking at the destination.



Table 1: Calculation method used to identify stacking and lagging of rotables

Flight Leg Date Economy | Actual Scenario Stack or lag
Capacity Pax. of rotables

Base - Destination | 1-Jan-14 296 238 Onward
Destination- Base | 1-Jan-14 296 257 < Return 19
Base - Destination | 7-Jan-14 236 228 Onward .
Destination- Base | 7-Jan-14 236 193 > Return »
Base - Destination | 5-Jan-14 256 226 Onward
Destination- Base | 5-Jan-14 256 226 Return 0

3.4. Developing the Model

After identifying the variables associated to the inventory model the next step is developing the model.
Therefore developing the model and identifying of the variables will be explained using a destination of ABC
airlines and the related data of ABC catering limited and destination catering provider. Assumptions as
follows,

. Cleaning and handling per rotable set is same in both catering service providers

. Inventory holding cost is not applicable for the base catering service provider

. Holding cost will be charged for the inventory level maintained since the variation is not predictable.
. The purchasing cost of new rotables will be dispersed into 5 years

Developing the model is done using the route of Colombo (CMB)-Mumbai (BOM) which is operated using a
narrow bodied A320. The route is operated daily with one frequency. For this operation the average operating
cost per kg is LKR.44.81. Weight of one set of rotable is 0.575kg and it costs LKR.600.00 for a new set. The
cleaning cost per rotable set is LKR.20.00 and holding cost per set per year is LKR.60.00. There were 12,619
movements of dummy items for the considered one year in both ways.

i. Purchasing cost of new rotable items

To maintain an inventory at destination there should be new items added to the current flow. Current practice
is to maintain 3 times of rotable sets at the destination. Therefore with the current practice there are 140 x 3 =
420 sets of rotables at the destination. This inventory is not changed with the new model and it will be kept as
a safe stock at the destination. And this inventory do not cost any amount since it is in the service agreement
to keep 3 times or 5 times inventory at the destination. The cost will be dispersed into 5 years as assumed.
Purchasing cost (o) = (Number of new items x Purchasing cost of new set of rotables) / 5 @

ii. Placing the inventory
The new rotables need to be placed. For that average route operating cost per kilogram will be used.

Cost of placing the inventory (p) = Weight of the rotables x Average operating cost per kilo 2
iii. Cost of holding inventory at the destination

New inventory will create a holding cost depending on the agreement with the catering provider.

Holding cost at the destination (y) = Number of inventory stored x Holding cost per set of (©))
rotables per year



iv. Replenishing the inventory

After placing the inventory, this has to be replenished by monitoring daily inventory level. If the inventory
level is 500 it should be monitored and once it is more than 500 balance need to be returned to base. Also
when the level goes below 0 the number need to be replenished from base. Since there is a requirement of
sending the rotables in the aircraft as dummy items it will incur a cost.

Replenishing cost (6) = Annual number of rotables replenished x Weight of single rotable set  (4)
X Average operating cost per kilo

v. Extra cleaning and handling
This is due to replenishment. Since the replenishment is as dummy items it needs to be cleaned.

Extra cleaning and handling (¢) = Annual number of rotables replenished x Cleaning cost (5)
per set of rotables

vi. Total cost calculation

Sum of these 5 cost variables will give the total cost incurred at each inventory level. Past data can be utilized
to identify the trend and replenishment numbers which will vary with the inventory level.

Total cost = Purchasing cost + Cost of placing the inventory + Holding cost at the (6)
destination + Replenishing cost + Extra cleaning and handling

Totalcost=a+p+y+o+e @)
3.5. Sensitivity Analysis to Identify the Optimum Inventory Level
The inventory level which creates the least total cost will be identified as the optimum inventory level. The
total cost can be calculated for several figures and drawing the total cost can derive the best inventory level
through sensitivity analysis. In the given example the 300 can be identified as the best level that creates least

total cost. According to the sensitivity analysis graph the total cost cannot fall in any other location in the
curve with the given conditions and assumptions. Figure 2 shows the graph of total cost.
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Figure 2: Total cost curve



3.6. Optimum Inventory Level Using Excel Solver

The total cost variable to be minimized and giving other cost variables and allow the inventory level to vary.
The result will give the best inventory level. With the 5 years purchase cost dispersion the result is given as
316 (figure 15) which is the most accurate inventory level. The Figure 3 shows the excel solver output.

A B C D E F G i
7 Solution Time: 1.5 Seconds.
8 Iterations: 9 Subproblems: 0
9 Solver Options
10 Max Time Unlimited, Iterations Unlimited, Precision 0.000001, Use Automatic Scaling
11| Convergence 0.0001, Population Size 100, Random Seed 0, Derivatives Forward, Require Bounds
12 Max Subproblems Unlimited, Max Integer Sols Unlimited, Integer Tolerance 1%, Assume NonNegative
13
14 Objective Cell (Min)
15 Cell Name Original Value Final Value
16| Svsas Total Cost Number of Rotables 122063.00 106894.50
17
18
19 Variable Cells
20 Cell Name Original Value Final Value Integer

21| Svs2 Inventory Level 100 316 Integer

22

23

24 Constraints

25 Cell Name Cell Value Formula Status Slack
26| Svs23 Purchasing cost (Rs.) Number of Rotables 37920.00 $V$23>=0 NotBinding 37920.00
27| Svs4 Inventory holding cost Number of Rotables 18960.00 $VS24>=0 NotBinding 18960.00
28| $vs25 Inventory placing cost Number of Rotables 8176.50 $V$25>=0 NotBinding  3176.50
29| 5V$26 Replenishing cost Number of Rotables 23598.00 SVS26>=0 NotBinding 23598.00
30 -5\4‘.$27 Ex(‘ra cleaning and handling Number of Rotables 18240.00 SV‘SZ?*C Not Elmcmng 18240. DO.
31| S5vs2s Total Cost Number of Rotables 106894.50 $5VS28>=0 NotBinding 106894.50
32| svs2 Inventory Level 316 SVS2>=0 Not Binding 316

33| SvS2=integer

Figure 3: Excel solver result sheet
3.7. Feasibility of the Model

Airlines and Catering service providers can collaboratively use their data and analyze the possibility of
implementing the above model in their operational process. For each destination with third party catering at
the destination, the optimal inventory number can be calculated by identifying the total cost that will occur.
By comparing the current cost figures that the dummy items cause the feasibility of the model can be revealed.
The operating cost of the airline per kilo is used to identify the cost associated with dummy items moved
annually and cleaning cost accordingly. Finally the comparison of current cost with the total cost of new
model can contrast the model feasibility.

Current costs associated with dummy items movement = (Annual dummy items movement x (8)
weight of rotable set x operating cost per kilo) + (Annual dummy items moved x Cleaning
and handling cost)

Feasibility of the model = Current costs associated with dummy items movement - Total cost ~ (9)
of new model

3.8. Calculation of the Considered Route

The calculation for the above mentioned route of ABC Airline is as follows according to the Excel Solver
considering the time of one year with the inventory level of 316.

e Total Cost - LKR.106,894.50
e Current operating cost for dummy items - LKR.578,896.62
Feasibility of the model = LKR. (578,896.62 — 106,894.50) (10)

= LKR. 470, 002.12

According to the calculation feasibility gives a positive value where there will be LKR. 470,002.12 savings



from the model for one year to both airline and catering service provider from this route. This will be
approximately 3133.34 US $ per year (1US $=LKR.150.00).

4, Conclusion

The developed model can be used for any airline or catering service provider by replacing the cost values
according to the airlines cost variables. But the analysis can be developed using the data relevant to the airline
and identify the best inventory level to maintain at the destination by calculating the total cost by changing the
inventory number in the equation. There are some parts to be calculated manually and other calculations by
the equations directly. For example the replenish inventory level at each inventory level can be calculated
through Excel and ultimately the total cost can be also calculated by developing the equation variables in a
single Excel sheet. The minimum total cost have to be identified through and sensitivity analysis. The best
inventory level need to be maintained to attain the lowest total cost have to be calculated and it should be
compared with the cost that the dummy item movement process will occur to identify the feasibility of the
model. The feasibility of using the model cannot be identified until the final cost comparison is calculated.
Therefore by just looking at the passenger statistics and dummy movement cannot highlight the feasibility and
possible cost savings to the airline and catering service provider.

5. Recommendations

Airlines and catering service providers can analyze their data and identify the gains possible through reducing
dummy item movement. Accurate data relevant to the operations can improve the output of the model. The
total cost calculation will provide the final cost that the inventory model will cause for a period of one year. If
it is less than the extra costs incurred when the normal procedure of dummy items inventory balancing is used
it can be taken as a feasible route to implement the model. The purchase cost should be dispersed for few
years to identify the real benefits of the model. It will improve the results if it is dispersed for several years.
Availability of accurate data related to these cost factors refers that it can be used to calculation and check the
feasibility. To improve the accuracy of the model passenger information for several consecutive years can be
taken into analysis. And the future movements can change due to the dynamic nature in airline industry. The
benefits of reducing dummy items do impact the airline as well as the catering service providers at the
destination. Therefore identifying and implementing this model will be beneficial to both parties.
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Abstract

Airports act as the gateways to enter countries. Until 2013, there was only one international airport operating
in Sri Lanka to facilitate air transport in and out of the country. In 2013 a second international airport-Mattala
Rajapakse International Airport (MRIA), which was constructed in a less lucrative area in the country,
commenced its operations. Although this airport is equipped with the necessary facilities for an international
airport and operating for almost two years, the airport was unable to achieve its target as anticipated. The main
purpose of this study was to identify whether there was a demand for another international airport in Sri Lanka,
why the airport was unable to achieve its target as indicated in the master plan and identify viable options. The
requirement of another international airport was to serve as an alternative airport to the Bandaranaike
International Airport. However, the location of the second international airport was not suitable due to lack of
infrastructure and accommodation facilities, industrial activities and demand for air traffic in the region. The
location of the airport has played a critical role for the current status of MRIA. Converting the airport to a
Maintenance, Repair and Overhaul facility and promoting low cost carriers are the viable options to achieve a
competitive edge.

Keywords: Second International Airport, Alternative Airport, Competitive Edge

1. Introduction

There was only one international airport operating in Sri Lanka to facilitate air transport in and out of the
country, until 2013. Mattala Rajapakse International Airport (MRIA), the second international airport was
constructed in Hambantota District which is a less lucrative area in the country. The objective of MRIA was to
serve as an alternative aerodrome to the solitary international airport (Bandaranaike International Airport) in
Sri Lanka and to aid the rapid development of the southern region of the country (Airport and Aviation
Services (Sri Lanka) Limited, 2012).

The airport was declared open on 18th March 2013 with a capacity to handle 1 million passengers and 45,000
tonnes of cargo per annum. However, the airport was not able to utilize its facilities since the commencement
of operations. The master plan of the airport has forecasted a total passenger demand of 160, 873 for the year
2013 (Airport and Aviation Services (Sri Lanka) Limited, 2012). But the total arrivals and departures for the
year 2013 was reported as 13, 284 and 22,853 (National Transport Commission, 2014) respectively.

The situation did not improve rather deteriorated with the stoppage of the operation of the national carriers to
the airport. Sri Lankan Airlines and Mihin Lanka Airlines suspended its operation to MRIA in January 2015
(Civil Aviation Authority Sri Lanka, 2015). Therefore, the ability of the airport to sustain in the industry and
recover the investment of US $250 million is questionable with the current trend.

2. Research Objectives

The aim of this study is to identify why the airport (MRIA) was unable to achieve its target as indicated in the
master plan. To achieve the aim, the research is based on the following objectives;

. Identifying whether there was a demand for another international airport in Sri Lanka
. Identifying the reasons why the airport was unable to achieve the target
. Identifying the benefits and viable options for the airport to succeed



3. Literature Review

Airport is a complex industrial enterprise which act as the medium where disparate elements and activities are
brought together in order to facilitate both passengers and freight. Airport consists of one or more runways for
aircrafts along with terminals and buildings where the passengers or freight transported by the aircraft is
processed (Doganis, 2005). Moreover, (Wiltshire, 2013) mention airports as the gateway to aviation and the
key link in the air transport chain. Airports facilitate air transport by offering the accessibility to essential
infrastructure and services.

An international airport is “any airport designated by the Contracting State in whose territory it is situated as
an airport of entry and departure for international air traffic” (ICAQO Definitions- UVS International, 1944,p.
21).ICAQ has defined alternative aerodrome as “An aerodrome to which an aircraft may proceed when it
becomes either impossible or inadvisable to proceed to or to land at the aerodrome of intended landing”
(ICAO Definitions-UVS International, 1944,p. 8).

Today airports are not just infrastructure providers, airports are operating in a competitive environment
(European Commission, 2002). Present day an airport faces seven areas of competition. They are provision of
services to airlines, traffic: outbound, traffic: transfer, traffic: inbound (destination), global competition,
competition for funding and competition with other modes (Jimenez, et al., 2014). Competition between
airports exists when two or more airports have the same catchment area or when two or more airports are
sharing a common part of the catchment area (Barbot, 2009).

4, Research Methodology

Objectives of the study could not be achieved from a single method, hence a methodological approach
including both quantitative and qualitative studies were adopted as shown in Figure 1.
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4.1. Primary Data Collection

Interviews were carried out first with the aim of obtaining the background knowledge relating to the study.
Judgmental sampling was used to select data from interviews. Based on the researcher’s judgment, the
researcher interviewed personnel in the aviation industry who were having sound knowledge regarding the
study area. The interviewed sample consisted of personnel in the aviation industry having more than 25 years
of experience in the industry.

Then the questionnaire was developed based on the findings of the interviews. Disproportionate stratified
sampling method was used to select the respondents, to obtain a better representation of each sector in the
sample. The perception of the study area among each sector in the aviation industry could be different; hence
it was imperative to have the representation of all the sectors in the sample. 40 samples were collected.

4.2. Secondary Data Collection

From the findings from the interviews, the technical data and statistical data needed to validate the
guestionnaire findings was identified first. Secondary data of overflying aircraft in Colombo Flight
Information Region (FIR), alternative fuel carried by airlines arriving at BIA and foreign employment
departures from Sri Lanka were collected.

4.3. Analysis Method

Data were analyzed via descriptive methods. Finally, a SWOT analysis was performed to develop strategies
for the airport to have a competitive edge.

5. Analysis
5.1. Composition of the Sample

All the sectors of the aviation industry were represented in the sample as shown in Fig. 2. When the airline
sector is considered, 70% of airline sector was represented by international airlines and remaining 30% by
domestic airlines. Moreover, 25% of the sample had more than 25 years of experience in the aviation industry,
which further validates the questionnaire findings.
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Figure 2: Composition of the Sample
5.2. Requirement for another International Airport in Sri Lanka
According to the study, 75% of the sample stated that unavailability of another airport in Sri Lanka to use in

emergency situations as the prominent issue faced when having only the Bandaranaike International Airport
(BIA), whereas 57.5% of the sample also stated lack of an airport to divert in bad weather conditions at BIA



as the issue. But according to the historical data of aircraft diversions at BIA from 1996-2006, there were only
14 instances where an aircraft was diverted due to bad weather. Hence, aircraft diversions at BIA due to bad
weather conditions seems to be a rare occurrence.

Other 12.5%
No requirement 7.5%
To develop the region 30.0%
To use as an alternative airport 77.5%
To facilitate the landing/takeoff of A380 17.5%

Capacity restrictions at BIA 32.5%
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Figure 3: Requirement to have another International Airportin Sri Lanka

As Figure 3 depicts, 77.5% of the respondents stated the requirement of another international airport was to
use as an alternative airport to BIA. However, as shown in the Figure 4, 75% of the industry experts
guestioned did not agree with the location of the second international airport due to lack of infrastructure
facilities, lack of industrial activities, lack of demand for air traffic and less accommodation facilities in the
region.
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Figure 4: Suitability of Hambantota as the location for the Second International Airport in Sri Lanka

52.2% of those who did not agree with Hambantota as the location for the airport, suggested either Kandy or
Dambulla in Central province would have been the most suitable location for the second international airport.
Reasons were accessibility, proximity to tourist attractions, good road network with other regions in the
country, large catchment area and contrast weather condition compared to BIA.

5.3. Reasons for the underutilization of the airport

Respondents were asked to rate the reasons for underutilization of the airport according to its degree of
influence for the underutilization. Rates were given from 5 to 1, representing to ‘a great extent’, ‘somewhat’,
‘neutral’, “very little’ and ‘not at all” respectively. Of the reasons mentioned in Table 1, the lack of demand in
the region (both passenger and cargo) was the reason which contributed mostly for the underutilization of the
airport, with a mean of 4.05. 60% of the respondents consider that lack of demand in the region has
contributed for the underutilization of the airport to a great extent.



Table 1: Reasons for the Underutilization of the Airport

Not at all Mery ~ Neutral Somewhat To a great Mean
Little extent

Technical Reasons 60.0% 5.0% [5.0% [20.0% 10.0% 2.15
Operational Reasons (Lack of airport marketing) 30.0% [5.0% 5.0% [22.5% 37.5% 3.33
Lack of demand in the region 17.5% 0.0% 2.5% [20.0% 60.0% 4.05
Lack of tourism marketing 525% [7.5% 5.0% [15.0% 20.0% 2.43
Lack of accommodation facilities near the airport 32.5% [12.5% 5.0% [15.0% 35.0% 3.08
Lack of utility facilities within the airport 55.0% [10.0% 2.5% [17.5% 15.0% 2.28
Lack of support from the government 65.0% [7.5% 5.0% [12.5% 10.0% 1.95
Other 925% 0.0% 0.0% 0.0% 7.5%

Secondary data was analyzed to identify whether MRIA has a demand or not. Distance to BIA and MRIA
from each district and its population was analyzed. According to the distance analysis (Table 2) ,9 districts are
close to MRIA compared to BIA. These districts are Ampare, Badulla, Batticaloa, Galle, Hambantota, Matara,
Monaragala, Nuwaraeliya and Ratnapura. Galle and Ratnapura is having similar distances to MRIA and BIA.
However, the population of these districts are considerably less, which makes the catchment area of the airport
small. This also confirms the finding where industry experts did not agree with Hambantota as the location
for the international airport. It is evident that the location of the airport has played a critical role for the current
status of the airport.

Table 2: Distance Analysis

District Population | Distance | Distance | District Population | Distance | Distance to
* (*000) toBIA | to MRIA (‘000) to BIA MRIA
(km) (km) (km) (km)
Ampare 648.3 306 176 Kegalle 836.7 66.5 213
Anuradhapura | 856.4 274 344 Kilinochchi | 113.0 304 465
Badulla 815.3 230 118 Kurunegala |1,611.0 74 251
Batticaloa 525.4 292 237 Mannar 99.1 216 421
Colombo 2,310.1 35.7 257 Matale 482.4 128 258
Galle 1,059.1 154 148 Matara 809.6 184 106
Gampaha 2,294.8 19.3 208 Monaragala | 448.2 271 92
Hambantota | 596.8 289 21.7 Mullaitivu 90.8 282 441
Jaffna 583.6 370 525 Nuwaraeliya | 706.7 161 154
Kalutara 1,217.6 96.9 213 Polonnaruwa | 403.8 204 260
Kandy 1,370.2 104 233 Puttalam 760.1 107 324
Vavniya 171.4 225 388 Rathnapura | 1,082.8 100 117
Trincomalee | 378.3 277 352

Source: Economic and Social Statistics of Sri Lanka 2014, Central Bank of Sri Lanka

62.5% of the experts surveyed stated, action available to mitigate the underutilization of the airport was to
develop the region in terms of infrastructure, accommodation facilities and utility facilities. Implementing a
proper marketing plan was voted by 55% responses as the second highest factor.

5.4. Benefits of the Airport since its Commencement and Viable Options to achieve a Competitive Edge

When considering the benefits from MRIA since its opening, only 82.5% of the sample considered that there
is a benefit. Nevertheless, as shown in Figure 5, 70% of the respondents indicated the availability of another
international airport to use as an alternative airport as the benefit. Carrying of less fuel by the aircraft arriving
at BIA and increase in aircraft flying over Colombo FIR (Flight Information Region) were considered as
benefits obtained from the airport by the respondents. This is supported by the findings of secondary data
analysis based on the number of overflying aircraft and alternate fuel carried by aircraft before and after the



opening of MRIA. Certain assumptions were undertaken in arriving at these calculations due to unavailability
of data.
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Figure 5: Benefits of MRIA since its opening

As per Table 3, mean value of the number of overflying aircraft after the opening of MRIA is greater than that
of the number of over flying aircrafts before MRIA. Hence, there is an increase in overflying aircraft after the
opening of MRIA.

Table 3: Comparison of Overflying Aircraft Before/After MRIA

Overflying Aircraft in Colombo FIR Mean
Number of over Flying Aircraft before MRIA 1973.16
Number of over Flying Aircraft after MRIA 2575.48

As per the findings in Table 4, there is a fuel saving of 15 minutes. Due to carrying less fuel, an aircraft can
save on fuel consumption which is the saving for the airline. On average an aircraft saves about $ 2000 per
trip due to naming MRIA as the alternative airport.

Table 4: Comparison of Fuel Carried by Airlines Arriving at BIA, Before and After MRIA

Before MRIA After MRIA
Alternative Airport when arriving to BIA | Trivendrum MRIA
Flying time from BIA to the Alternative | 45 minutes 20 minutes
Airport
Amount of alternative fuel carried Fuel sufficient for 45 minutes | Fuel sufficient for 30 minutes
Average Saving per trip $ 2000

Remarkably, the majority of the sample does not feel there is an economic and social development in the
region due to the airport. MRIA did not have the required air service to help the development of Hambantota
area, which was a necessary requirement for an airport to assist the development of a region as per the studies
conducted by (Robertson, 1998).

Respondents were asked to select and rank the options according to its preference and suitability from 1-6,
rank 1 being the most suitable and preferred option. According to the ranking as shown in Table 5,
Maintenance, Repair and Overhaul (MRO) obtained the lowest mean value of 1.38 compared to 1.52 for
Cargo Hub option. This indicates in terms of suitability and preference MRO option is ranked first.
Table 5: Viable Options for The Airport

Tourist Hub Cargo Hub Training School |LCC passenger Hub  |MRO facility
No of Responses 12 23 20 7 24
Mean 2.75 1.52 2.30 3.43 1.38




5.5. SWOT Analysis

Strengths

« Availability of bare lands adjacent the airport to expand

« Runway category of the airport allows to land/take off any aircraft type, including the largest aircraft
A380.

« Equipped with facilities to handle 1 million passengers and 45000 ton of cargo per annum. The terminal
building can accommodate 325 international passengers and 75 domestic passengers two ways at peak
hour (Airport and Aviation Services (Sri Lanka) Limited, 2012).

« Ability to serve as a hub for Westbound and Eastbound airlines due to its strategic location

« Favorable weather and climatic condition of the location

« Auvailability of skilled labour force for the operational activities of the airport

« A higher percentage of departures originating from the districts in the catchment are for clerical, skilled,
semi-skilled, unskilled and housemaid employment. Hence, there is a demand for budget carriers within
the region.

Weaknesses

« Constant crosswinds due to the wrong alignment of the runway, and which has resulted in difficulty in
maneuvering the aircraft

« Lack of parallel taxiway

« Hazards of bird strikes for flying aircraft

« Destruction to wildlife due to the operations of the airport because the airport is constructed in a wildlife
sanctuary

Opportunities

« Close proximity to the sea port, where opportunities can emerge for transshipment cargo.

« Proximity to tourist attractions in Sri Lanka which in addition is a booming industry in the country.

- Airspace above the airport is not congested as in other countries, therefore favourable environment to
establish a training school.

« MRO industry is a growing industry in the Asian region as many western companies are out sourcing their
aircraft maintenance work to Asian firms or setting up centres in Asia.

« Commencement of industrial activities in the region, which can boost the development of the region.

Threats

o Lack of demand for air traffic in the catchment area

« Only a limited number of districts can access MRIA easily compared to BIA. The catchment area of the
airport is not lucrative. Unavailability of a good road network to access the airport.

« Close proximity to the Bandaranaike International Airport. The flying time between the airports is
approximately 20 minutes.

« Lack of infrastructure, accommodation, utility facilities in the region.

« Development and expansion of the second runway at BIA

According to the analysis, the following strategies are developed to achieve a competitive edge for the airport.

« Build a Maintenance, Repair and Overhaul (MRO) facility in the airport and develop a MRO hub for the
South Asia

« Promoting low cost carriers from the airport since there is a demand for low cost carriers in the catchment
area as per the SWOT analysis.

6. Conclusion

Unavailability of another international airport in Sri Lanka to use in emergency situations was the key issue
faced when having only the Bandaranaike International Airport (BIA) in Sri Lanka. Accordingly, the main
requirement to build another international airport was to use as an alternative airport to the BIA.

However, the majority of the experts did not agree with the location of the second international airport.
According to the study, the most significant reason for the underutilization and the current status of the airport



is the lack of demand in the catchment area. The catchment area of the airport only consists of 9 districts (out
of 25) of the country. This confirms that the location has played a critical role in affecting the performance of
the airport. Course of action to overcome the current status of the airport is to develop the region with the
required infrastructure, accommodation and utility facilities. Then, an implementation of a proper marketing
plan is essential to improve the performance of the airport.

Yet there is a benefit from the opening of the airport. Main benefit obtained from operating MRIA is the
availability of an alternative airport in the country. Increase in the number of overflying aircraft over Colombo
FIR and reduction in the fuel carried due to naming MRIA as the alternative airport are the other benefits. As
per the analysis, viable options for the airport to succeed are to convert MRIA as a Maintenance, Repair and
Overhaul (MRO) facility. Strategies were developed based on the SWOT analysis and strategies were to
develop MRIA as MRO and low cost carrier airport.

7. Limitations of the Study

Secondary data obtained was not available as required, hence certain assumptions were made during the
analysis which is a limitation of the study.
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Abstract

Airport City is a new concept to Sri Lanka and this paper identifies the key factors to be an airport city in Sri
Lankan context. Initially, a broader set of factors applicable to anywhere in the world, were identified through
comprehensive literature survey. Inductive approach was used to collect data through studies and industry
experts. After interviewing a group of industry experts, seven factors were finalized namely geographic location,
demand, technology, nature of the airport, non-aeronautical activity centers, business management and access
modes. A stratified sampling technique was used to select industry experts to define and rank factors. The AHP
technique was used for factor analysis and seven criteria were compared with the purpose of ranking based on
importance. It is identified that Non Aeronautical activities, Geographic Location, Demand, Nature of the
Airport, are the more important to achieve airport city status. Access Modes, Business Management and
Technology are the other factors that must be considered to be an airport city in Sri Lankan context. This
approach can be used for identification and ranking of relevant factors for any airport city to be developed.

Keywords: Airport City, AHP, Ranking

1. Introduction

The world has become smaller due to the globalization and time has become expensive in day today life.
Globalization integrates people internationally and airports play a critical role in facilitating the tourism,
business travel and global supply chains. Airports are considered as a key link in air transportation. Airport
provides gateway to the people and goods which are moving internationally. Modern gateways are facilitating
the trend through the airport city concept. It is not only the shopping malls within the terminal but also the
myriad businesses that congregate in airport environs, keen to exploit its convenient connectivity (IATA, 2012).

Airport city has become the 21st century way forward to many airports (Kasarda, 2008). Although this is quite
a new concept for Sri Lanka, Seoul Incheon International Airport in South Korea and Amsterdam Schiphol
International Airport in Netherlands are already well advanced in the concept. There is no any research work
had done for investigating airport city concept in Sri Lanka and therefore this research is aimed to fill the gap
for identifying critical factors for being an airport city. Basically it is focused on to identify the factors which
influence to be an airport city in Sri Lankan context and it investigates the relative importance of those factors.
Accordingly, the study presents key factors to be an airport city in Sri Lankan Context.

1.1 Research Obijectives:

The objectives of this research are:

« Identify the important factors to be an airport city

« Perform an assessment of importance of each factor to evaluate Airport and its’ environment to be an
Aerotropolis

« Rank the identified factors in the order of importance in Sri Lankan context

This paper organized as follows; a literature review on airport city (Aerotropolis) concept, methodology and the
methods used for identifying factors, aligning those factors for Sri Lankan context and ranking the importance,
results and findings followed by the conclusions.



2. Literature Review
2.1 Airport City Concept

Historically, an airport is considered as a place where aircraft operate, including runways, control towers,
terminals, hangers and other facilities which directly serve aircraft, passengers and cargo. Airport city concept
is grounded in the fact that in addition to their core aeronautical infrastructure and services, focusing on
development of non aeronautical facilities, services and revenue streams (Kasarda, 2006).

Major gateway airports are generating spatial concentrations of commercial activities that are leading to a new
aviation linked urban form: the aerotropolis (Stevens, 2006). Many airports today receive greater percentages
of their revenues from non-aeronautical sources (hotels, retail complexes, conference and exhibition centers...)
than from aeronautical sources (landing fees, gate leases, passenger service charges) (Kasarda, 2006).

Boeing’s long term forecast shows global passenger traffic increasing at about 5% per annum to 2024 with the
Asia Pacific region growing faster at nearly 6% (Current Market Outlook 2005, Boeing). Some aspects of the
Airport city concept clearly hold benefits like integrate multimodal transport and connectivity of passengers and
businesses. Schiphol International Airport is one of the well-established, well developed and it has state art of
technology to be an airport city.

2.2 Bandaranaike International Airport

When considering Sri Lankan context, Bandaranaike International Airport (BIA) is the main International
Airport and it is in a blooming stage. There is a positive sign for international traffic for BIA and it is medium
size airport with compared to passenger movements. In 2013, BIA has handled 7.3 million of passenger
movements which is a 3.2% growth when compared to 2012. Further, the number of transit passengers who
were at BIA has increased and is recorded as 1,231,903 (CAASL, 2013). BIA has a single runway (04/22) with
3350m length and 60m width. In year 2014, 28 scheduled airlines have used BIA, flying to and from and it
covers 45 cities around the world (AASL, 2014). International Flight movements of BIA for the year 2014
recorded a total of 54,960.

2.3 ldentification of order of importance

There are many Multi Criterion Analysis Techniques such as ANP (Analytical Network Process), Analytical
Hierarchy Process (AHP), Data Envelopment Analysis, ELECTRE (outranking), Relative Merit Method
(RMM) and the Evidential Reasoning Approach to identify the importance of factors affecting to decision
making. When compared with other techniques, Analytical Hierarchy Process (AHP) enables decision makers
to have a practical decision making with the knowledge about criteria and also Judgment on one criterion can
be made effectively relative to another criterion. The input can be obtained from subjective opinion such as
satisfaction, feelings and preference. AHP can be considered as an effective tool since it can handle numbers of
alternatives at once even some other method like Relative Merit Method can handle only two alternatives at
once (Bahurmoz, 2006). In this research, decision making is crucial with experts’ perceptions in number of
alternatives. Therefore AHP model is used for this study and it is selected for ranking the importance.

3. Research Methodology

Methodological approaches including both quantitative and qualitative studies were adopted as shown in figure
1.

Secondary Data Collection | Comprehensive Literature Survey
Sample : 25 Research Articles
18 key factors to be an airport city were identified

\E

Primary Data Collection Personal Interviews & Brain Storming Sessions
Sample Size : 15
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v v
Data Analysis Analytical Hierarchy Process (AHP)
Ranked Factors to be an airport city

| Conclusion

Figure 1: Research Methodology
4. Research Results and Findings
4.1 Identify key factors to be an Airport City (Aerotropolis)

Inductive approach is used to start with the data collection through literature. The identification of all relevant
key factors was done through a comprehensive literature survey. Nearly 25 research articles were referred to
identify the factors to be an airport city and a summary table is given in Appendix 1. When selecting the factors
for the analysis, the number of citation were taken into account. When developing the summary table (Appendix
1), the methodology followed can be applicable to any airport in worldwide and Bandaranaike International
Airport is the case study based airport. The 18 factors which required being an airport city were extracted from
the literature are listed below.

1. Geographic Location 10. Flexible and advanced technology
2. Attractiveness 11. Intermodal freight hub

3. Auviation policy of the country 12. Related and supporting industries
4, Nature of the airport 13. Mixed use residential areas

5. Traffic 14. Local and global interest

6. Infrastructure 15. Airport access modes

7. Level of Service 16. Land supply

8. Logistics and Just in time Manufacturing 17. Land availability

9. Free trade zones 18. Performance of the airport

The detailed summary of these factors are in Appendix 1 and it is provides extracted information, title of the
paper, authors and year of publication.

4.2 Aligning to Sri Lankan Context

According to the Western Region Megapolis Mater Plan under the Ministry of Megapolis and Western
Development established in 2015 have identified aero city zone as one of the major development areas around
the present Bandaranaike International Airport (BIA). This is an opportunity to develop BIA as an airport city
and this is the best time for identification of key factors for being an airport city.

Industry experts were involved to identify and prioritize key criteria to be an Airport City in Sri Lanka. As
mentioned above, literature summary table was developed by referring published research articles. The factors
which are listed in Appendix 1 are general and it is necessary to align them in to Sri Lankan context. To align
those factors, aviation industry experts' views were solicited. A stratified sampling technique was used to select
industry experts. Airport Managers, Aviation Policy Makers, Regulators, Executives in aviation industry are
included in the sample. They were asked to screen the factor identified from the literature and come up with



important factors to be considered when Bandaranaike International Airport (BIA) is planning to become an
airport city.

Table 1: Summary of defined Factors for the study

No. | Criteria Relevance in to Research (Sri Lankan Context)
1 Geographic This refers the location where particular airport is located. Approachability to the
Location airport, Air routes around the area, neighbor countries, airway distance, overflying

are the most important aspects in geographic location. Different land uses of the
nearby areas are also can be identified as geographic location.

2 Demand This refers all airport users like passengers (arrival, departure and transfers),
employees, visitors and government agencies representatives, concessionaires.
Space and the infrastructure must be adequate for facilitating all the needs of the
users.

3 Technology This explains flexibility and advancement of the technology that airport is using.
Air Transportation relies much on high technology support. Therefore technology
plays a key role for passenger handling, cargo floe, functions of airport facilities
and the environment. Real time information is also depended on technology.

4 Nature of the | This refers current status of the airport. Its current capacity & the maximum
Airport capacity, infrastructure availability & future development. Performance of the
airport also considered here, because when converting to an airport city, airport
performances are very important.

5 Non Aeronautical | This is the key element to fulfill to be an airport city. To encourage customers, it
activity Centers should be given priorities to Logistic parks, conference centers, Free Trade Zones,
Office parks and office corridors, Exhibition & conference centers, Hotels ,
entertainment, retail clusters , academic and research clusters.

6 Business This refers the relevant laws and regulation about airport city development.
Management Aviation policy of the country should be catering airport city concept.
Management concept of the airport should be innovative, profitable and flexible.
Air traffic right, investment opportunities and international image will generate
more traffic towards airport city.

7 Access Modes This explains the multimodal connectivity from and to airport. Dedicated
expressway links (Aerolanes) and high speed rail (Aerotrains) should be there to
provide accessibility with mobility.

Face to face interview was carried out with experts. The sample of expert resource persons selected are having
more than 15 years of experience in the aviation industry. Therefore, with having clear background, resource
persons were asked to align the identified factors to Sri Lankan context. Initially they were asked to categorize
the factors identified in appendix I, to different groups according to similarity and the relationship. Majority
of the resource persons identified that some factors were highly depended on each other about their judgments.
First individual perception on each factor was well noted and then asked them to discuss with each other.
Resource persons had given their inputs towards identified factors and also regrouping was done. By
considering relationship and interconnection all factors were pooled in to sub criterion by having brain storming
session. After completion of brain storming sessions, 18 factors were regrouped to seven factors based on Sri
Lankan Context and it is summarized in Table 1.

4.3 Rank the order of importance of factors to be an Airport City

After grouping important factors to be an airport city in to seven factors for BIA, next step is to rank the
importance of those factors. When BIA is planning to become an airport city, action plan can be developed
according to the importance of each factor. To assess the importance of each factor, Analytical Hierarchy
Process (AHP) was used.

To evaluate the importance of the factor, AHP uses a pair wise comparison technique. For the pair wise
comparison, 1-9 point scale is commonly used (Saaty, 1980). This scale is very important for AHP analysis



since it can derive well defined results due to meaningful explanations associated with each numerical value in
scale. Pair wise comparison of seven factors was done by industry experts. Integrated value for entire sample
had been taken as the input for the matrix.

Questionnaire form (Appendix 2) is used for the pair wise comparison. For this, new sample was used because
this is highly focused on this study. Respondent were informed in advanced about the intention of this study and
all seven factors were discussed before responding to questionnaire. 50 respondents were evaluated and sample
of the respondents consists of airport operators, regulatory body, and service providers.

After constructing the matrix, relative weights for each factor can be obtained. First matrix must be converted
to a normalized matrix and then Standardized Eigen vector must be extracted from the normalized matrix. The
calculated Eigen vector can be interpreted as the weight, or importance of specific criteria relative to all other
criteria. If cell value is Cjj (i-row, j- column) and derived weight is denoted by W;;, Equation 1 can be applied
for calculating weights.

n
Xi=1 Cij

n

hoy A
Wi = (1)
The Consistency check is an important part of the study in order to verify the consistency of data. To do that
Principle Eigen value (A max) is needed. First Consistency Vector (CV) for each individual row is calculated
by multiplying pair-wise matrix with the weight matrix. A max is obtained as the average of CV values.
Consistency Index (CI) must be computed by using Equation 2.

Consistency Index (CI) = 22X~ ™
onsistency Index (CI) = =1
. _ _ . . . . )
The consistency Ratio (CR) is calculated in a systematic approach by using Equation 3.
Consistency Ratio (CR) = Consistency Index (CI) (3)

Random Consistency Index (RI)
Following results were obtained when calculating consistency check.

Principle Eigen Value = 7.64, Consistency Index (Cl) = 1.08, Random Consistency Index (RI) = 1.32, The
Consistency Ratio (CR) =0.08

If the value of CR is smaller than 10% or equal 10%, the consistency is acceptable. If value is greater than 10%,
it is needed to revise the subjective judgment. Calculated CR value is 0.082, which is smaller than 10% or equal
10%. That meant data is consistent and results can be accepted from this study.

Table 2: Normalised Matrix
Nature Non

Criteria Geeraph'C Demand | Technology | of the | Aeronautical Business Access Total | Average | %
Location . . Management Modes
Airport | activity Centers

Geographic

Location 011 0.56 0.22 0.41 0.04 0.12 0.15 1.61 0.23 229

Demand 0.01 0.07 0.19 0.46 0.29 0.24 0.01 1.27 0.18 18.1

Technology 0.01 0.01 0.02 0.01 0.04 0.01 0.004 0.11 0.02 1.6

Nature of the

Airport 0.01 0.01 0.09 0.05 0.29 0.24 0.27 0.96 0.14 137

Non-Aeronautical

activity Centers 0.79 0.07 0.17 0.05 0.29 0.36 0.27 1.98 0.28 284

Business

Management 0.04 0.01 0.10 0.01 0.03 0.04 0.27 0.50 0.07 7.1

Access Modes 0.02 0.28 0.19 0.01 0.03 0.004 0.03 0.57 0.08 8.1
100.

Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0




Table 3 represents the summary of the results which is used for ranking the factors.

Table 3: Summary of the AHP results

Non Aeronautical | Geographic Demand Nature  of | Access | Business Technolo
activity Centers Location the Airport | Modes | Management 9y
28.4 22.9 18.1 13.7 8.1 7.1 1.6

According to the Table 3, “Non Aeronautical Activity Centers” has highest priority vector. Airport city concept
is highly concentrated on non-aeronautical activities. Especially duty free shops, logistic arks, shopping
complexes, restaurants, hotels and conference room for their passengers are the main target of having
aerotropolis. Therefore, airport must give priority for its non-aeronautical activities and it will be a good
advantage for being a competitive airport city. The result of the analysis shows that “Non Aeronautical Activity
Centers” is the most important factor for being airport city for BIA. Decision makers must give highest priority
of this factor when developing their action plan.

“Geographic Location” is the second important factor for being airport city. Being a sea locked country, air
transportation is very much important to Sri Lanka. Geographic location is very much important to attract
passengers. Approachability to the airport, Air routes around the area, neighbor countries, airway distance,
overflying are added value to the airport city. Third highest factor for being aerotropolis is Demand. As
explained by interviewer, demand is dependent on geographic location and non-aeronautical activities.
Destination choice (which airport should be selected to land) is based on the country passenger is flying. Not
only arrival and departure passengers, transfer passengers also consider facilities and geographic location before
their choice. Facilities must be adequate for fulfilling all passenger expectation.

“Nature of the Airport” is the fourth factor to be considered. Investigation of current capacity of the airport and
its performances is highly depended to be an airport city. Not only current capacity, evaluating potential or
productivity of the airport must be concerned. Then it is easy to build up achievable targets. “Access modes” is
fifth factor to be considered and it will affect for the passenger perception of the airport and the country. If
passenger had negative impression towards airport accessibility, they will think twice before placing tickets.
Passenger values his or her time because time is very expensive in modern world.

“Business Management” is a sixth factor and it refers the laws and regulation about city airport. After identify
the feasibility for being an airport city it should be developed management concept. Investment opportunities
are highly affected for the non-aeronautical activities and there should be free trade zones to encourage
suppliers. Reducing taxes will be a positive strategy to attract customers. The lease important criterion is
“Technology”. Although technology is influenced to all the operations, respondent of the pair wise comparison
selected it as a lease factor with compared to others. Technology must be advanced and flexible to any user to
operate.

4, Conclusion

Selection of key factors to be an airport city is very much applicable in Sri Lankan context since it is the new
market concept of aviation industry. Identify the criteria from literature was the foundation for this research
and it is identified eighteen factors by using comprehensive literature survey. Aviation industry experts helped
to grouping these criteria and decision makers had to deal with subjective perceptions. Then eighteen factors
were reduced to seven and finally there were only seven factors for this research.

Multi criteria decision making with AHP approach was effective and helpful to reduce uncertainty in the
assigning relative weight for different criteria. Key finding of the research can be summarized as follows.

o Non aeronautical activities have been identified as the most important criteria through AHP analysis.
Therefore BIA must provide facilities to increase airport non aeronautical revenue to become airport city.
In year 2014, non aeronautical revenue accounts 75% of company revenue structure (AASL , 2014) and
also Number one Duty Free sales in South Asian Market (Airport Economics Manual, 2013). It is



necessary to take prioritized actions to develop non aeronautical revenue sources like logistics park,
hotels, conference buildings and so on.

o Geographic location and Demand were second and third criteria respectively. Those two are depended
since both affect to customers destination choice. BIA is situated in growing South Asian markets like
China and India. Tourist travel packages are important to attract passengers and compete with the market
as an aerotropolis.

o Nature of the airport is fourth factor and it is essential to evaluate airport performances to introduce airport
city concept to Sri Lanka. BIA is medium size airport and it has 10 million terminal capacity. Level of
service should be increased up to the standard levels to facilitate the best service.

o Access modes, Business management and Technology are the other factors to be considered. In Airport
city fast movements of passenger, cargo and the information are crucial. By giving priorities to access
modes, business management and technology, it could be well facilitate fast movements.
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Appendix 1 : Literature Table

No | Criteria Description Research Title Author (Year)
01 | Geographic Location Land Use — Competition between airport and surrounding airport | City Airports to Airport Cities Steve, Nicholas J.
areas (2006)
Air Routes A spatial analysis of multiple airport cities Ben Derudder, Lomme
Regional Planning Devriendt, Frank
Witlox (2010)
Global Accessibility: The global network of air transportation | Competitive advantages analysis and Strategy | Kung Jeng  Wang,
overcome geographic barriers, and accessibility to such is most | formulation of Airport city development — the | Wang Chung Hong
preferred by multi-national corporations (MCNs) case of Taiwan (2011)
02 | Attractiveness Spatial economic position Planning airports in an era of glocalisation : A | Michael Drob, Bart de
spatial economic and institutional comparison | Jong (2007)
between Amsterdam Airport Shiphol (AMS) and
Munich Airport International (MUC)
Business model of the airport Seeding growth at airports and airport cities : | Stephen J. Appold,
(Aeronautical and non-aeronautical revenue sources) Insights from the two sided market literature John D. Kasarda (2011)
Trend for developing multi-functional airport (Tourist Destinations, | Competitive advantages analysis and Strategy | Kung Jeng  Wang,
Commercial Destinations, Industrial activities) & Market efficiency | formulation of Airport city development — the | Wang Chung Hong
case of Taiwan (2011)
03 | Aviation Policy of the | Decision making and Jurisdictions City Airports to Airport Cities Steve, Nicholas J.
country (2006)
Create new non-aeronautical revenue sources Shopping in the Airport City and Aerotropolis John D. Kasarda (2008)
New Retail Destinations in the Aviation Century
04 | Nature of the Airport Spatial economic position as transfer passengers Planning airports in an era of glocalisation : A | Michael Drob, Bart de

New management and Investment opportunities

Airport Services and Its Ownership

spatial economic and institutional comparison
between Amsterdam Airport Shiphol (AMS) and
Munich Airport International (MUC)

Shopping in the Airport City and Aerotropolis
New Retail Destinations in the Aviation Century

Airport Business

Jong (2007)

John D. Kasarda (2008)

Rigas Doganis (1992)




05 | Traffic OD Pax/ Airport Users/ Airlines (International, Flag Carrier, Full | A spatial analysis of multiple airport cities Ben Derudder, Lomme
Service/ LCC/ Efficient and Regular Services/ Competitive Prices/ Devriendt, Frank
More Frequencies) Witlox (2010)
Identify the niche market by considering Income, frequency of | Gravity models for airline passenger volume | Tobias Grosche, Franz
service, travel time ratio, employment, economy fare estimation Rothlauf, Armin Heinzl
(2007)
06 | Infrastructure (Air side & | The Competitive advantage of any city rests on a well-planned | City Airports to Airport Cities Steve, Nicholas J.
Land Side)/ Land Use and | physical and commercial infrastructure (2006)
Cost & Facilities available
at airport Complete local infrastructure and Transport network Competitive advantages analysis and Strategy | Kung Jeng  Wang,
formulation of Airport city development — the | Wang Chung Hong
case of Taiwan (2011)
07 | Level of Service Efficiency of Services Airport Business Rigas Doganis (1992)
08 | Logistics and JIT | With the airport itself serving as a region wide multimodal | Shopping in the Airport City and Aerotropolis John D. Kasarda (2008)
Manufacturing transportation and commercial nexus, strings, and clusters of airport
linked shopping centers, business parks, information and | New Retail Destinations in the Aviation Century
communication technology complexes, industrial parks, logistics
parks, wholesale merchandise marts and mixed used developments
are forming along airport arteries up to 20 miles outward.
09 | Free Trade Zones (FTZ) Commercial Investments/ Reduce Taxes, cut red tape, boost exports/ | City Airports to Airport Cities Steve, Nicholas J.
Country Economy (2006)
Patterns of ownership of operations Airport Business Rigas Doganis (1992)
To attract companies, to have tax free incentives when importing the | A logistics study of the Brazilian airport Model | Tadeu Hygo Ferreira
components, FTZ is themechanism and Its Employment at the Tancredo Neves | Braga , Silva Jersone
International Airport Tasso Moreira (2010)
10 | Flexible & Advanced | Technological preeminence : air transportation relies much on hi- | Competitive advantages analysis and Strategy | Kung Jeng  Wang,
Technology technology support, which play key role in passenger and cargo flow, | formulation of Airport city development — the | Wang Chung Hong
airport facilities and the environment case of Taiwan (2011)
11 | Intermodal Freight Hub Brings together air, rail, highways, ports Airport Business Rigas Doganis (1992)
12 | Related and supporting | Industrial Cluster: Industries oriented towards, related to or | Competitive advantages analysis and Strategy | Kung Jeng  Wang,

industries

dependent on airport operation and air transportation tend to cluster
within the airport city

formulation of Airport city development — the
case of Taiwan
Study on Airport Economy

Wang Chung Hong
(2011)




Office Parks and Office
Corridors

Exhibition and

Conference Centers

Hotels , entertainment,
retail clusters

Medical
cluster

and  wellness

Academic and Research
Cluster

Connect air travel-intensive executives and professionals quickly to
distant markets

Trade and knowledge exchange magnets

Serve long distance travelers and local needs

Medical Tourism and healthcare provision

Executive’s education and research centers

Airport Revenue Sources

The formation of urban centers around the airports, offering
multivariable services and increasing the creation of jobs in the
airport region. These centers can be expanded in a ratio of up to 20km
around the airport.

Airport Business

A logistics study of the Brazilian airport Model
and Its Employment at the Tancredo Neves
International Airport

Z. Y. Xia and P. Li
(2006)

Rigas Doganis (1992)

Tadeu Hygo Ferreira
Braga , Silva Jersone
Tasso Moreira (2010)

13 | Mixed Used Residential | Airport employee needs incidental service like housing, recreation, | Shopping in the Airport City and Aerotropolis John D. Kasarda (2008)
Areas food services, retail, health, child day care and so on.
New Retail Destinations in the Aviation Century
14 | Local and Global Interests | Regional Planning A spatial analysis of multiple airport cities Ben Derudder, Lomme
Devriendt, Frank
Witlox (2010)
Evolving airport edge cities, together with substantial other airport | Shopping in the Airport City and Aerotropolis John D. Kasarda (2008)
centric commercial development are giving rise to a new urban form. | New Retail Destinations in the Aviation Century
15 | Airport Access Modes Clustering of developments at the airport territory Planning airports in an era of glocalisation : A | Michael Drob, Bart de

Transport network (Trains, expressways, busses, taxis)

Airport expressways serving as a catalyst and magnet for airport
linked business development

Dedicated expressway links (Aerolanes) and high speed rail
(Aerotrains)

spatial economic and institutional comparison
between Amsterdam Airport Shiphol (AMS) and
Munich Airport International (MUC)

Competitive advantages analysis and Strategy
formulation of Airport city development — the
case of Taiwan

Shopping in the Airport City and Aerotropolis
New Retail Destinations in the Aviation Century

Airport Cities and the Aerotropolis

Jong (2007)

Kung Jeng Wang,
Wang Chung Hong
(2011)

John D. Kasarda (2008)

John D. Kasarda (2006)




Expectation and perception of the passenger matters for the choice of
access mode

An analysis of airport access mode choice — A
case study in Hong Kong

Mei Ling TAM, Mei
Lam TAM, William
H.K. LAM (2005)

16 | Land Supply Land owner and municipalities play a controlling rule when it comes | Planning airports in an era of glocalisation : A | Michael Drob, Bart de
to land policy. spatial economic and institutional comparison | Jong (2007)
between Amsterdam Airport Shiphol (AMS) and
Space for Future development Munich Airport International (MUC)
17 | Land Availability Commercial sector pursuit of affordable, accessible land Shopping in the Airport City and Aerotropolis John D. Kasarda (2008)
New Retail Destinations in the Aviation Century
18 | Performance of the airport | Evaluation is based on supply, Airline demand, passenger demand, | Performance evaluation of International Airports | Daniel L. Stuffle Beam

management side

in the region of East Asia

(2000)
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5 0 Y 5
El | ¢ sl |8 |g g | E
= |8 |g |E |§ |§ |g |8 |z
el | E (€ |z |2 |z | |§ |
] > = D L 175} = > w
Criteria 98|76 |5(4|3(2|1|2|3|4|5(|6|7 |89 |Criteria
Geographic
1 | Location * Demand
Geographic
2 | Location * Technology
Geographic Nature of the
3 | Location ) Airport
Geographic Non Aeronautical
4 | Location ) activity Centers
Geographic Business
5 Location * Management
Geographic
6 | Location b Access Modes
7 | Demand x Technology
Nature of the
g | Demand ) Airport
Non Aeronautical
9 | Demand b activity Centers
Business
10 | Demand * Management
11 | Demand x Access Modes
Nature of the
12 | Technology ) Airport
Non Aeronautical
13 | Technology * activity Centers
Business
14 | Technology * Management
15 | Technology x Access Modes
Nature of the Non Aeronautical
16 | Airport ) activity Centers
Nature of the Business
17 | Airport * Management
Nature of the
18 | Airport * Access Modes
Non Aeronautical Business
19 | activity Centers ) Management
Non Aeronautical
20 | activity Centers * Access Modes
Business
21 | Management * Access Modes




How LCC Affects the Market Structure of Taiwan International Air
Transportation

Tien-Chun Ho and Jin-Ru Yen”

Department of Shipping and Transportation Management, National Taiwan Ocean University, Keelung,
Taiwan. Email: jinruyen@gmail.com

“Corresponding author

Abstract

In 2015, the volume of passengers reached about forty million at Taoyuan International Airport (TPE). All of
them are international passengers, and this makes TPE’s international air transport position more important.
Additionally, low-cost carriers (LCCs) have been actively built aviation network in surrounding countries
such as Malaysia, Thailand, Vietnam, Japan, South Korea and Philippines. The rapid development of LCCs
has changed airline industries and market structure significantly worldwide. The market share of LCCs at TPE
is about 7% in 2014, compared to an average of above 20% in North America, Europe, and Southeast Asia. It
is, however, interesting to know whether or not LCCs affect Taiwan’s market structure of air transportation.
This study uses Concentration Ratio and Herfindahl-Hirschman Index to investigate the international air
transport market concentration and competition at TPE. The research shows that Tokyo route has the lowest
market concentration and the highest market competition in 2014. In general, though the market penetration
rate is less than 10%, the rapid development of LCCs has reduced market concentration and enhanced
competition in Taiwan’s international air transportation market.

Keywords: international air transport, market structure, concentration ratio, Herfindahl-Hirschman Index

1. Introduction

As an island nation, Taiwan must rely on sea and air transportation for her international transport. This paper
focuses on air passenger transportation and investigates the market structure of the Taiwan Taoyuan
International Airport (TPE). As the major international airport, TPE dominates the international air
transportation of Taiwan, with about 85% of passengers from/to Taiwan using TPE. Additionally, all
passengers using TPE are international travelers. According to the 2014 statistics of Airport Council
International (ACI), in addition to an increase in flight movements and cargo growth of 7.53% and 6.18%
respectively, TPE’s passenger growth rate (11.15%) is the greatest in Asia, surpassing Narita, Incheon, Hong
Kong, and Changi. TPE’s latest statistics show that in 2015 the number of entry, exit, and transit passengers
increased to about 38,473,333 people, and the forecast for 2016 is more than forty million.

The statistics of international passengers at TPE include passengers in direct cross-strait flights that have taken
place since December 15, 2008. Since the cross-strait routes are an oligopoly market under a bilateral
cross-strait economic cooperation framework agreement signed by the governments of China and Taiwan,
they are therefore highly regulated, subject to political factors. The direct cross-strait air services only open to
national airlines from both sides. Due to lack of competitiveness, these routes are therefore not within the
scope of this study. Based on various criteria such as the number of airlines, flights, seats, and passengers on
each route, the top ten international air transport routes of TPE are chosen. The two commonly used indices,
Concentration Ratio (CR) and Herfindahl-Hisrschman Index (HHI), are employed to define the competition in
each route. Data from 2010 to 2014 are used to investigate the impact of LCC developments on the market
structure of TPE international route.

The remainder of this paper is organized as follows. Section 2 reviews the related literature on air transport
market structure and provides a comprehensive appraisal of each. Section 3 describes the research methods.



Section 4 is an empirical analysis of the air transport market structure of TPE. Finally, some conclusions and
recommendations are presented in section 5.

2. Literature Review

Market structure, also called industrial structure, describes the specific characteristics of a specific market,
especially the level of competition. In general, because of the relative high entry threshold of the air transport
industry, it is difficult to break an oligopoly market or to expect the market to develop a self-correcting repair
mechanism. Before the entry of the LCCs into the air transport industry, traditional airline could instead avoid
a bloody fare war, preserving the value of its own scarce resources by transferring its own capacity on those
routes that cannot be served by LCCs (Jarach, 2004). It is difficult to expect them to develop competitive
mechanisms to enhance market efficiency and the interests of travelers. Subsequently, Alderighi et al.
(2012) found that competition with LCCs reduced both the business and leisure fares of traditional airlines.
Zhang et al. (2013) suggested that an airport’s position in carriers’ hub hierarchies, competition from LCCs,
and other market structure variables influence average airfares. Thus, when the market is perfectly competitive,
airfares will only cover the airlines’ operating costs, leaving airlines with zero profit. However, if airlines have
market power, they enjoy positive profits (Ha et al., 2013).

Passengers consider many factors when they select an airline. The number of seats available, brand, and
corporate reputation are considered the critical determining factors (Pearson et al., 2015). In practice, when
passengers make boarding and ticketing decisions, the airline's low fares and the availability of frequent flier
programs are major considerations (Proussaloglou and Koppleman, 1995). However, in terms of the flight
punctuality, flight frequency and flexibility in using tickets, there is no significant difference between LCCs
and traditional airlines (Mason, 2001). Therefore, when traditional airlines and LCCs coexist in an aviation
market, LCC may gradually replace the traditional airlines because of their economic fares.

This study employs the Market Concentration Ration (CR) and the Herfindahl-Hirschman Index (HHI) to
investigate the influence of LCCs on the market structure of various routes associated with TPE. The market
concentration index (Concentration Ratio, CR) is used as a basis to define the degree of market competition.
From the level of competition, we can effectively evaluate the operator's monopoly power in the industry. CR
can only consider the small number of airlines with a high market share, while ignoring other airlines on the
route. The Herfindahl-Hirschman Index (HHI) can divide the market structure based on the degree of
concentration into a high, moderate or low degree of competition, and thus can effectively differentiate the
degree of competition in the international air transport market of TPE.

CR and HHI have been used in numerous studies related to air transport industry in recent years. Lijesen et al.
(2002) applied CR to assess the degree of market competition on routes between London and Paris, London and
New York as well as other international routes. Pitfield (2007) used relevant operational data from members of
the Airlines Alliance from 1990 to 2003 for market structure analysis and volume forecasts on routes from
major international airports in the United States to Frankfurt and Paris to assess the future development of the
Alliance. Detzen et al. (2012) applied HHI to assess the impact of the rise of LCCs on the existing structure of
the aviation market. Németh and Niemeier (2012) analyzed the level of supply and demand as the European
Aeronautic merger progressed from 1996 to 2009, and used HHI to assess the differences in the structure of the
aviation market before and after the merger. Obermeyer et al. (2013) used HHI to verify the relationship of
airfares and market structure.

3. Research Methods
3.1 Concentration Ratio (CR)

In industrial economics, the level of industrial concentration represents the magnitude of monopoly power of
large enterprises and their impact on the industry and even on overall economy (Chen and Lin, 1997). CR
calculates the total market share of some enterprises with the higher ranking of market share. In aviation
industry, for example, greater CR in a specific route, defined as a market, means greater ability that top
airlines can use to manipulate airfares in the specific route. The formulation of calculating CR is shown in
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equation (1).

CR.=si
= (1)

where n :the number of airlines with higher market share,
Si : the market share of the i-th airline.

Samuelson and Nordhaus (1985) divided CR into four groups: a CR greater than or equal to 0.79 is highly
concentrated; a CR greater than or equal to 0.33 but less than 0.79 is moderately concentrated; a CR greater
than or equal to 0.18 but less than 0.33 is considered low concentration; a CR greater than 0.01 but less than
0.18 is a perfectly competitive market. In this study, for each selected route CR;, CR2, CR3, and CR4 are used
to investigate the level of market concentration on each route.

3.2 Herfindahl-Hirschman Index

The Herfindahl-Hirschman Index (HHI) refers to the sum of the individual market share of all the participants
in a particular market. Miller (1982) considers the Herfindahl Index the most important and most common
measure of the degree of market competition — the lower the index, the higher the degree of market
competition. In a perfectly competitive market, the HHI would be close to zero. It is calculated using formula

).

N

HM:%@Y o

where: i the i-th airline in the market,
N: the number of airlines in the market,
Si: the market share of the i-th airline.

The Department of Justice and Federal Trade Commission of US have used HHI to represent the degree of
market competition. HHI has also been used as a criterion to assess whether or not to use Anti-Trust Law to
intervene in the market (Austin, 1988). If HHI is equal to 0.1 or less, the market is considered as highly
competitive. With an HHI between 0.1 and 0.18, the market concentration is considered as average. If HHI is
greater than 0.18, the market is considered as highly concentrated with low degree of competition.

4. Empirical Analysis
4.1 Current international air transportation market at TPE

International flight movements at TPE reached 180,160 in 2014, with the total number of seats being about
46,042,958, and carrying 35,804,465 passengers (CAA, 2015). The statistics of TPE’s top ten international air
passenger routes is shown in Table 1, including the number of airlines serving each route, number of flights,
number of seats, and number of passengers. As listed in Table 1, in terms of available seats and passengers,
the top three international routes were Hong Kong, Tokyo and Osaka, with the number of available seats being
9,091,064, 2,770,384 and 2,563,153, respectively, and carrying 6,722,957, 2,231,370 and 1,985,095
passengers. This was followed by Incheon, Singapore, Bangkok, Macau, Kuala Lumpur, Manila and Ho Chi
Minh City. The annual number of flights on the top ten routes is 92,893, providing 24,538,253 seats, and
carrying 18,701,411 passengers, which accounts for 51.56% of TPE’s flights, 53.29% available seats, and
52.23% passengers.

Table 1: Statistics of TPE’s top ten routes in 2014
Routes Airlines (%) Flights (%) Seats (%) Passenger (%)
Hong Kong 5 (8.62) 29,867 (32.15) 9,091,064 (37.05) 6,722,957 (35.95)




Tokyo (NRT) 9 (15.51) 10,538 (11.34)  |2,770,384 (11.29)  [2,231,370 (11.93)
Osaka 7 (12.07) 12,958 (13.95)  |2,563,153 (10.45)  |1,985,095 (10.61)
Incheon 7 (12.07) 6,592 (7.10) 1,818,532 (7.41)  |1,587,075 (8.49)
Singapore 7 (12.07) 7,177 (7.73) 1,925,737 (7.85)  |1,578,425 (8.44)
Bangkok 6 (10.34) 5,980 (6.44) 1,742,645 (7.10)  |1,178,742 (6.30)
Macao 4 (6.90) 7,558 (8.14) 1,407,873 (5.74)  |1,019,253 (5.45)
Kuala Lumpur 4 (6.90) 4,268 (4.59) 1,157,156 (4.71)  |895,763 (4.79)
Manila 5 (8.62) 4,372 (4.70) 1,067,371 (4.35)  |772,131 (4.13)

Ho Chi Minh 4 (6.90) 3,583 (3.86) 994,338 (4.05) 730,600 (3.91)
Total 58 (100.00) 92,893 (100.00) |24,538,253 (100.00) |18,701,411 (100.00)

Notes: The number of flights, seats and passenger are indicated by year.

The load factors of TPE’s top ten routes in 2014 are shown in Table 2. As apparent from Table 2, the average
load factor of the Incheon route was the greatest (87.27%), followed sequentially by Singapore (81.48%),
Tokyo (80.54%), Osaka (77.45%), Kuala Lumpur (77.41%), Hong Kong (73.95%), Ho Chi Minh City
(73.48%), Manila (72.34%), Macau (72.28%), and Bangkok (67.64%). All airlines serving TPE-Incheon have
a load factor greater than 80%, with China Airlines being 90.59%, Eva Airways (90.94%), Cathay Pacific
(81.83%), Scoot Airlines (93.18%), Korean Air (82.74%), and Asiana Airways (82.72%). In aspect of load
factor by airline, most of LCCs serving among all top ten routes had been exceed the average load factor of
their respective route, with Vanilla Air (87.63%) on Tokyo route (80.54%), Jetstar Asia (82.38%) and Peach
Aviation (83.91%) on Osaka route (77.45%), Scoot Airlines (93.18%) on Incheon route (87.27%), Jetstar Asia
(83.90%), Scoot Airlines (83.08%), Tiger Airways (89.32%) and TigerAir (82.68%) on Singapore route
(81.48%), TigerAir (82.70%) on Macao route (72.28%) and AirAsia Airlines (81.32%) on Kuala Lumpur
(77.41%). As Vowles (2006) stated the route structure and competition between carriers (especially from
LCCs) play prominent roles in determining airfares in hub-to-hub markets, the market structure and the level
of competition of TPE has become increasingly competitive due to the entry of LCCs into the air transport
industry.

Table 2: Load factors of top ten routes from TPE in 2014

Routes Airlines Load factor by airline (%) | Average load factor (%)

Eva Airways (BR) 82.03
Hong Kong Airlines (HX) 79.75

Hong Kong China Airlines (CI) 77.51 73.95
Cathay Pacific Airways (CX) 73.01
Dragon Airlines (KA) 67.45
All Nippon Airways (NH) 89.36
Japan Airlines (JL) 87.86
Vanilla Air (JW) 87.63
Eva Airways (BR) 85.64

Tokyo (NRT)  |Scoot Airlines (TZ) 80.40 80.54
China Airlines (CI) 79.63
Cathay Pacific Airways (CX) 77.75
TransAsia Airways (GE) 68.65
Delta Airlines (DL) 64.59
Eva Airways (BR) 84.78
Peach Aviation (MM) 83.91
Jetstar Asia (3K) 82.38

Osaka Japan Airlines (JL) 77.75 77.45
Cathay Pacific Airways (CX) 75.65
China Airlines (CI) 73.83
TransAsia Airways (GE) 71.52
Scoot Airlines (TZ) 93.18

Incheon Eva Airways (BR) 90.94 87.27
China Airlines (CI) 90.59




Thai Airways (TG) 84.67
Korean Air (KE) 82.74
Asiana Airways (0Z) 82.72
Cathay Pacific Airways (CX) 81.83
Tiger Airways (TR) 89.32
Eva Airways (BR) 84.45
Jetstar Asia (3K) 83.90
Singapore Scoot Airlines (TZ) 83.08 81.48
TigerAir (IT) 82.68
Singapore Airlines (SQ) 79.73
China Airlines (CI) 76.67
China Airlines (CI) 74.81
V Air (2V) 73.10
Thai Airways (TG) 69.29
Radies TransAsia Airways (GE) 61.82 67.64
TigerAir (IT) 60.95
Eva Airways (BR) 56.38
TigerAir (IT) 82.70
Eva Airways (BR) 76.26
MEEED Air Macao (NX) 72.43 7228
TransAsia Airways (GE) 64.19
AirAsia Airlines (AK) 81.32
Eva Airways (BR) 78.51
Bl LUy Malaysian Airlines (MH) 73.62 741
China Airlines (CI) 70.28
Eva Airways (BR) 84.49
Cebu Pacific Air (5J) 79.57
Manila KLM Royal Dutch Airlines (KL) |78.53 72.34
Philippine Airlines (PR) 71.74
China Airlines (CI) 71.29
Vietnam Airlines (VN) 78.08
- Eva Airways (BR) 74.27
Ho Chi Minh 12 Airlines (CI) 71.44 73.48
Vietjet Air (VJ) 63.20

Notes: The gray underlay represents LCC.
4.2 Concentration and competition of international air transport

The present research employs CR and HHI to investigate the market competition, or concentration, of TPE’s
top ten international passenger routes. The index of market concentration is usually based on the sum of the
market share of the top four (CR4), top eight (CR8), or top ten (CR10) players, owing to CR being the most
commonly used measurement of market competition in the theory of traditional industrial economics (Lin et
al., 2002). CR1, CR2, CR3, and CR4 are used in this study since the greatest number of airlines among the top
ten routes is nine on Tokyo route, which is followed by seven on Osaka, Singapore and Incheon routes, as well
as four to six in other routes. The market concentration ration of TPE’s main international passenger airline
routes are shown in Table 3.

In terms of passengers, Table 3 indicates that Tokyo route has the lowest CR4 (.606), which is followed by
Incheon (.678), Osaka (.697), Singapore (.743), Manila (.903), and Bangkok (.990). This order is in inverse to
the order based on the number of airlines providing services on each route. That is, more airlines on each route
tend to reduce market concentration of the route. Additionally, the present result is comparable to research by
Samuelson and Nordhaus (1985), where Tokyo, Osaka, Incheon and Singapore represent a moderate market
concentration while the remaining routes are highly concentrated markets.



Table 3: The concentration of main international air transport market in 2014

Route Airlines : CR1 : e : She - ehe
Flight | Passenger| Flight | Passenger | Flight | Passenger| Flight | Passenger
Hong Kong 5 376 400 | .645 692 | .854 862 | .952 .966
Tokyo 9 229 290 | 371 415 | 510 518 | .648 .606
Osaka 7 327 155 | 531 478 | 644 587 | .756 .697
Incheon 7 224 168 | 405 .345 | .583 518 | 731 678
Singapore 7 207 197 | .410 407 | 579 523 | 724 743
Bangkok 6 .365 422 | 616 .633 | .865 894 | .985 .990
Macao 4 376 462 | 746 787 | .996 996 | 1.00 1.00
Kuala Lumpur 4 343 498 | 653 672 | .829 843 | 1.00 1.00
Manila 5 333 310 | 515 474 | 682 694 | .849 903
Ho Chi Minh 4 407 424 | 785 .838 | .992 995 | 1.00 1.00

To further investigate the level of competition in Taiwan’s air market, this research also calculates the market
share on the ten routes over years 2010 to 2014 to determine the HHI for each route. Market shares are
defined on the basis of the number of annual flights and passengers. The results of the analysis are listed in
Tables 4 and 5, respectively, which are used to get more information about the impact of LCCs on market

structure.
Table 4: 2010-2014 HHI of the top ten routes from TPE by flights
Routes Airlines Flights (thousands) Market share HHI
2010 | 2011 | 2012 | 2013 | 2014 | 2010 | 2011 | 2012 | 2013 | 2014 |2010|2011)2012 2013/ 2014
Cl | 833 886 | 823 | 803 803 | .330 | .332 | .284 | .264 | .269
BR | 473 | 492 | 560 | 6.23 | 6.24 | .187 | .184 | .194 | .205 | .209
CX | 9.26 [10.70 | 11.31 | 11.26 |11.23 | .367 | .401 | .391 | .371 | .376
HongKong | KA | 272 | 222 | 204 | 1.68 | 1.44 | .108 | .083 | .070 | .055 | .048 | .29 | .31 | .28 | .26 | .27
HX - - | 177 | 271 2.92 - -- | .061 | .089 | .098
TG 17 - - | .48 -- | .007 - -- | .016 -
VN .00 - - - -- | .000 - - - -
Cl 228 | 1.90 | 212 | 2.22 | 2.42 | 247 | 270 | .267 | .262 | .229
BR | 138 | 94| 1.44 | 148 | 149 | .150 | .133 | .182 | .175 | .142
CX 73| 73| 73| 73| 73| .079 | .104 | .092 | .086 | .069
GE - - - 19| .84 - - -- | .023 | .080
TZ - - 13| 71| 73 - -- | .016 | .084 | .069
Tokyo JL | 207 131 146 | 146 | 146 | 225 | 186 | 184 | 172 | 138 | .. | o | 1| 46| 14
(NRT) NH | 1.34 73 73| 73| 73| 145 103 | 092 | .086 | .069 | 77 | 7| U | '
W - - - .02 147 - - - | .002 | .139
DL 64| 73| 73| 71| 68| .070 | .103 | .092 | .084 | .065
UA 73 71| 59 - -- | .079 | .101 | .075 - -
EG - - - 22 - - - -- | .026 -
NW .05 - - - -- | .005 - - - -
Cl 80 | 97| 1.70 | 1.93 | 265 | .196 | .216 | .263 | .202 | .204
BR 74| 73| 73] 110] 423 | .181 | .163 | .113 | .116 | .327
CX 73| 73| 73| 146 | .73 | 178 | .163 | .113 | .154 | .056
Osaka 3K 36| .73 | 128 133 | 1.20 | .088 | .163 | .206 | .140 | .093 | .24 | .21 | .19 | .15 | .20
GE - - 37| 76| 1.23 - -- | .057 | .080 | .095
JL | 146 | 1.32 | 1.46 | 146 | 1.46 | .357 | .295 | .226 | .154 | .113
MM - - | 19| 146 | 145 - - | .029 | .154 | .112
KE 95| 98| 1.22 | 1.46 | 148 | .194 | .188 | .214 | .229 | .224
Cl 79| 98| 1.09 | 1.18 | 119 | .162 | .188 | .190 | .185 | .180
BR 75| 82| 91| 94| 98| .154 | 158 | .159 | 148 | .149
Incheon TG 73| 73| 73| 73| 73| 150 | .140 | 127 | 114 | 111 | .17 | .17 | .17 | .17 | .16
CX 73| 73| 73| 73| 73| .150 | .140 | .127 | .115 | .111
TZ - - - 17| 3 - - - | 027 | .047
0z 93| 97| 105 116 | 117 | .190 | .186 | .183 | .182 | .178
Cl 81| 131 | 151 | 1.48 | 148 | 207 | .220 | .218 | .198 | .206
BR 70| 75| 74| 75| 78| 179 | .126 | .106 | .100 | .109
Singapore 3K 73| 94| 139] 135 1.21 | .187 | .158 | .200 | .181 | .169 | .29 | .20 | .16 | .16 | .17
SQ | 167 | 1.78 | 1.56 | 1.46 | 1.46 | .427 | .299 | .225 | .196 | .204
TZ - - 18| .88 1.04 - - | .026 | .118 | .145




TR -- .79 a7 99 | 1.01 - | 132 | 111 | 133 | .141
IT -- -- -- -- A9 -- -- -- - | .026
GE -- .39 79 .55 - - | .065 | .114 | .074 -
Cl 201 | 203 | 202 | 272 | 218 | .323 | .357 | 413 | 414 | .365
BR 148 | 147 | 124 | 171 | 150 | 238 | .259 | .253 | .260 | .251
TG 146 | 145 | 146 | 155 | 149 | 235 | .255 | .299 | .236 | .249

GE 59 | .72 090 | .120
Bangkok T -1 -1 -] -] .08 -1 .010 | 24 | 28| .33 | .30 | .27
ZV - -1 | -] 0] - -] - .005
KL 71| 73| a7 | | —| 114 | 129 | 035 -
AK | 00| —| = =] =lwo00| -] =
FD 55 089

BR 2.88 | 280 | 263 | 277 | 284 | 343 | .356 | .354 | .365 | .376
GE 232 | 237 | 210 | 206 | 189 | 277 | .302 | .283 | .271 | .250

Macao NX | 3.19 | 269 | 2.60 | 2.76 | 2.79 | 380 | 342 | 363 | 364 | 370 | %] 33|34 .34 .34
T ~T | = = 03] ~| =] ~| - .o04
Cl | 76| 75| 76| 97| 75| 279 | 279 | 265 | 249 | 176

Kuala Lumpur, BR |48 | 45 | 44| 62| 73| 479 167 | .13 | 189 | ATL| | ho| 51 og| 27

MH | 63| 70| .73 | 141 | 1.33 | .231 | 260 | 254 | .285 | .311
AK | 85| 79| 94| 1.20 | 146 | 311 | 204 | 328 | 307 | 342
Cl | 136 | 1.45 | 1.46 | 1.34 | 1.45 | .401 | .393 | 344 | 300 | 332
BR | 74| 72| 73| 73| 73| 218 195 | 172 | 168 | 167
Manila 5] | 56| 73| 76| 74| .80 | 165 | 198 | 179 | 471 | 183 | 20| 28| 23 22| 22
KL ~ 1~ 56| 73| 73| ~| - | 132 168 167
PR | 73| 79| 74| 80| .66 | 216 | 214 | 173 | 184 | 151
Cl | 144 | 1.45 | 1.46 | 1.46 | 1.46 | 459 | 462 | 459 | .439 | .407
o BR | 07| .96 .09 | 1.06 | 136 | 300 306 | 311 | .318 | 379
Ho ChiMinh 0\ 173 73 73 | 81| .74 | 232 | 232 | 230 | 243 | 206 | 0| 36|36 .35 35
Vi - 03| - - 008

Notes: The Data of AirAsia Japan (EG), Thai AirAsia (FD), Northwest Airways (NW) and United Airlines
(UA) do not appear in Table 2.

As indicated in Table 4, the HHIs of seven out of the top ten routes decreased from 2010 to 2014, an
indication of increase in market competition. It is worth noting that there was at least one LCC entering each
of the seven routes in the period from 2010 to 2014. The HHIs of the other three routes, Bangkok, Macao,
Kuala Lumpur, did not decrease. Taking a close look at the data reveals that the number of airlines serving
TPE to Bangkok is the same in 2010 and 2014. In the Kuala Lumpur route, the number of airlines is also the
same. In addition to the flights, this study used seats and passengers to assess the degree of market
competition and found similar results. Therefore, we apply flights to assess the market share and present the
results in this paper.

In terms of the airline flights market share, there are seven traditional airlines operating on the Tokyo route, with
79.2% of a total market share, while there are two LCCs, with 20.8% of a total market share. Among these
airlines, China Airlines has the highest market share (.229), followed by Eva Airways (.142), Vanilla Air (.139),
Japan Airlines (.138), TransAsia (.080), Scoot Airlines (.069), All Nippon Airways (.069), Cathay Pacific
(.069), Delta Airlines (.065), and in order. There are 6 traditional airlines operating on the Incheon route, with
95.3% of a total market share, while there is one LCC with 4.7% of a total market share. The Korean Air has
the highest market share (.224), followed by Chinese Airlines (.180), Asiana Airways (.178), Eva Airways
(.149), Cathay Pacific (.111), Thai Airways (.111), and Scoot Airlines (.047) in order. There are three traditional
airlines operating on the Singapore route, with 51.9% of a total market share, while there are four LCCs, with
48.1% of a total share. Among these airlines, China Airlines has the highest market share (.206), followed by
Singapore Airlines (.204), Jetstar Asia (.169), Scoot Airlines (.145), Tiger Airways (.141), Eva Airways (.109),
and TigerAir (.026) in order. What is worth mentioning is that the last place just began operating in September
2014.

Taking Singapore, Kuala Lumpur and Manila for example, there was only one airline of LCCs for each route
in 2010, and their HHI was .29, .26 and .20 respectively. In 2014, there were four airlines of LCCs for
Singapore and still one for Kuala Lumpur and Manila, and their HHI was .17 , .27 and .22 respectively. That is,
the LCC airlines of Singapore rise from 1 to 4, and the HHI of Singapore drops from .29 to .17, a decrease of



approximately 41.38%. On the other hand, the LCC airlines and HHI of Kuala Lumpur and Manila did not
change from 2010 to 2014. However, the traditional airlines of Manila rise from 3 to 4, and the HHI of Manila
rises from .20 to .22, an increase of approximately 10.00%. This shows that an increase in LCCs has enhanced
the competition in Taiwan’s international air transportation market. The changes in the LCC airlines and HHI
of Singapore and Kuala Lumpur are shown in Figure 1 to 6.
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In summary, according to the assessment standards of the US Department of Justice and Federal Trade
Commission, the Tokyo and Incheon route have shown a moderate level of market concentration for the last
five years. For Osaka and Singapore, there are some years of moderate market concentration, while the
remaining routes are highly concentrated markets. Relative to Tokyo, the degree of competition on the
Incheon, Singapore and Osaka routes is low.

4.3 Management implications
Based on the analysis presented in section 4.2, as for TPE’s international aviation market concentration and

competition in 2014, the top three competitive routes are Tokyo, Incheon and Singapore in order. In addition
to Taiwanese, Japanese, Singaporean, and South Korean airlines, there are some other countries operating



traditional airlines and LCCs at the same time. When it comes to each airline's passenger load factor,
Taiwanese airlines provide more choices of flight times on the Osaka, Hong Kong, Manila, and Bangkok
routes, so they are the first choice of more passengers due to the higher frequency of flights. On the Incheon,
Singapore, Macau and Kuala Lumpur routes, the passenger load rates of the LCCs are higher. Except the
Kuala Lumpur route, although the LCCs’ frequency of flights is not as high as the traditional airlines’, their
flight fares are 50% to 60% as cheap as the traditional airlines. The LCCs are popular with travelers because
of their lower fares and no transferring required. On the Ho Chi Minh City route, since VietJet Air just began
operating in December 2014, its impact on the market is not clear based on the current data, despite its
advantage of lower flight fares.

Vietnam Airline's load factor is currently higher on this route mainly because it offers Vietnam natives a more
competitive fare than Taiwan’s airlines. As to the Tokyo route, because there is little difference in flight fares
between LCCs and traditional airlines, along with other factors such as flight safety, the company's reputation,
better service quality, and no transferring required travelers from and to the two places still prefer to take
Japan’s airlines. As to those traditional airlines not from Taiwan nor from the destination country, since their
flight fares are not as competitive as LCCs’, their frequency of flights is not as high as Taiwan’s airlines, and
they require travelers to transfer in a third place, their passenger load rates are lower in general. In terms of the
market structure from 2010 to 2014, the number of traditional airlines operating on the top ten international
routes at TPE dropped from 19 to 18, while that of LCCs increased from 4 to 10. This study find that the
operation of LCCs in Taiwan’s international passenger market will change the oligopoly led by traditional
airlines and effectively reduce the degree of market concentration, while enhancing the degree of market
competition. Furthermore, because of the addition of LCCs to the airline market, the market share of all
traditional airlines also tends to decline.

5. Conclusions

As passengers receive an image of different types and nationalities of airline companies, as well as the
influence of reputation and fares, their ticket purchase decisions will be different from before. In the aviation
market, a route is a market (Jiang et al., 2005), and the data above show that most LCCs operating at TPE
serve a some number of passengers, which increases the degree of market competition, while decreasing the
degree of market concentration at TPE, the results show that Taiwan's market structure has become more
competitive. Since no relevant laws and regulations have restricted the development of LCCs, Taiwanese have
started two LCCs that began operating in TPE’s aviation market in 2014. If the industry can adopt the LCCs
industry business model, its growth potential must not be underestimated. As for the traditional airlines, since
the market share of Taiwan’s traditional airlines is falling, this shows the existing situation deserve traditional
airlines attention.
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Abstract

Unlike e.g. low cost air travel, regional aviation is only scarcely featured in the transportation research
literature. This paper reflects and discusses the development, connectivity impact, and potential outlook of
intra-European regional air services from Germany. First, we employ air transport supply data to illustrate the
general decline of this market segment in the past 15 years and resulting connectivity losses for selected
airports and regions. Second, we discuss potential drivers behind the observed trend, as well as possible
starting points for a revitalization of regional air links, which could — at the same time — also help improving
regional connectivity and the utilization (and financials) of small airports. We close the paper with a simple
but straightforward exercise to quantify the demand potential for new, nonstop regional air services from
Germany based on empirical indirect passenger flow data. From today’s perspective, we identify a potential
for 313 new routes with a potential for 2.2 million passengers.

Keywords: small regional air transport, regional airports, regional air traffic, air transport demand

1. Introduction

Unlike e.g. long haul or low cost air services, regional air transport is hardly tackled in the transport research
literature (Gillen and Hazledine, 2015). This is somehow remarkable as this air transport segment has had to
continuously reinvent itself over the past years in response to competitive pressure from e.g. fast-growing low
cost carriers (LCC) — and a resulting higher price awareness of the passengers — and new high-speed train
links. As a result, many regional airlines have either ceased operations or transformed into cheaper operating
platforms for network carriers (Graham, 1997). Average aircraft size has increased, and many of those thinner
routes that used to be served at relatively high frequencies by aircraft with less than +/- 50 seats have
disappeared. As a result, many regions have lost air transport supply, especially since the odd, low-frequency
low cost service, if available at all, does not always make a good substitute in terms of connectivity for
business travellers and regional economies.

Against this background, a revitalization of regional air services, if economically feasible, could potentially
help enhancing the connectivity of certain regions (and hence serve the cohesion goals and the EC Flightpath
2050 connectivity goal that 90% of journeys within Europe shall be completed, door to door, within 4 hours;
see European Commission, 2011) and - at the same time - improve the utilization and regional impact of
smaller airports.

The objectives of this paper are three-fold: First, we aim at illustrating the decline of regional air traffic in
Germany and Europe and resulting connectivity impacts on selected airports and regions. Second, we discuss
potential drivers behind this trend as well as operational and technological pillars that may help overcome this
issue. Third, in a case-study approach for the German market, we present a simple but transparent approach to
guantify the demand potential for new, nonstop regional air services based on empirical data for indirect
passenger flows and on certain assumptions regarding e.g. supply-induced demand generation.

By this, we aim at adding new aspects to the relatively small literature on regional air transport. Previous
papers on this market segment dealt e.g. with issues like network types, route choice and/or pricing issues (e.g.
Hanlon, 1992; Gillen and Hazledine, 2015), or with the impacts of new (jet) aircraft technologies (Dresner et



al, 2002; Brueckner and Pai, 2009, and Fageda and Flores-Fillol, 2012). The latter also assessed the
implementation and impact of low cost carrier supply in regional markets. Another string of papers tackled
forms of external financing of regional, e.g. under the EU “Public Service Obligation” (PSO) or the US
“Essential Air Service” (EAS) schemes. Recent examples are Grubesic and Wei (2013) and Merkert and
O’Fee (2016).

2. Development of regional air links in Europe and resulting connectivity impacts

Passenger air transport in Europe, as in most other world regions, is split over four main, archetypal business
models (see e.g. Ehmer et al, 2008; Bieger and Wittmer, 2002): scheduled continental and long haul flights by
network carriers; holiday flights offered by dedicated leisure carriers on behalf of tour operators; regional air
services, usually connecting small(er) airports with the main ones, or providing connections between regions;
and low cost services which evoked towards the end of the 20th century following from market deregulation,
and which are now aimed both at business, holiday and VFE (visiting friends and relative) travellers.

In pre-deregulation times, most regional flights were served by specialized “niche” carriers, holding
permissions for routes that were e.g. not of interest to major carriers. Examples include both independent
operators like Eurowings and Crossair (before being sold to Lufthansa and Swiss, respectively), or the likes of
Air Anglia, Manx Airlines, Air UK or Proteus Airlines, and subsidiaries of national carriers, such as
Lufthansa Cityline, Eurowings (after its sale to Lufthansa), Crossair (after partly taken over by Swissair),
Regional Airlines or BA Cityflyer.

Before the rise of the LCC, regional air traffic in Europe had grown well, with the number of weekly
departures of 40-60 seater aircraft almost doubling from about 12k in 1993 to about 24k in 2000 (Source:
OAG). One reason behind this trend was the emergence of new regional jet aircraft in the 90s (see e.g.
Dresner et al, 2002), allowing for faster and quieter regional air transport at competitive unit costs. Existing
regional subsidiaries were strengthened or new investments in regional affiliations were undertaken to
establish cheap(er) operating platforms (Graham, 1997). From the early 2000s, then, the structure of regional
air transport in Europe changed again, as the number of weekly flights operated by 40-60 seaters declined
massively from about 26k in 2002 to only 15k in 2009 (Source: OAG). This trend is also illustrated in more
detail in Figure 1 which shows the development of yearly intra-European departures by aircraft class from
2000 to 2016. The biggest losers in terms of market shares and absolute traffic volumes were the 1-20 and 21-
50 seaters.
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Figure 1: Annual departures in Europe by seat class, 2000-2016
Source: Own figure based on Sabre Market Intelligence data

Business model-wise, one can now differ between...

« contracted (affiliated) operations on behalf of legacy carriers on hub feeder or decentralized routes by
either subsidiaries (e.g. Lufthansa Cityline, KLM Cityhopper, Eurowings, Hop!...) or financially
independent franchise operators (e.g. BA Cityflyer, Air Nostrum...), and



- own operations of fully independent, mostly small to medium-scale regional airlines (e.g. Flybe, Air Baltic,
Cityjet...).

Most of the European regional airline seat capacity is currently represented by affiliated operations (415
aircraft or 62% of the European fleet if only those European regional airlines that are among the global
Topl00 as reported by Airline Business (2013) are counted), be it on a franchise basis or by subsidiaries,
while independent regional networks only account for 256 aircraft and hence about 38% of the European fleet
out of the global top 100.

The described trends towards large regional air traffic also mirrors in the manufacturers’ fleet forecasts for
regional aircraft which are summarized in Table 1. While the forecast values are difficult to compare as
different aircraft size classes are applied it is quite obvious that smaller aircraft do not play a major role. Only
ATR considers the 40-60 seats segment at all (which comes with no surprise as the ATR42 model is one of
the main remaining aircraft being still in production here), and both ATR, Bombardier and Embraer see much
more potential for larger regional aircraft. Boeing does not at all differentiate within the group of regional
aircraft and only considers jets. Aircraft below 40 seats are not considered in any of the forecasts.

Table 1: Future deliveries of regional aircraft as currently estimated by manufacturers
(Own compilation)

Manufacturer | Timeframe | Small a/c Medium a/c Large a/c
ATR! 2016-2035 40-60 seats: 600 61-80 Seats: 2,200 n/a
Boeing" 2015-2034 | Regional Jets: 2,490
Bombardier'® | 2015-2034 n/a 60-100 Seats: 5,700 100-150 Seats: 7,000
EmbraerV 2016-2035 n/a 70-90 seat jets: 2,300 91-130 seat jets: 4,100
70+ seats turboprop: 2,040
Total: 2,340

The following table shows how the groups of regional hub feeder flights and regional “non-hub” flights have
developed between 2000 and 2012. All flights within Europe (EU, NO, CH) with aircraft of less than 120
seats have been considered. Out of these, flights from, to or between the following airports have been
classified as hub feeder flights: AMS, BRU, CDG, CPH, FCO, FRA, LHR, LIS, MAD, MUC, VIE, ZRH. The
results underline the overall decline of regional air transport and here in particular of the smallest aircraft
segments. In relative terms, decentralized routes have declined slightly more than hub feeder routes.

Table 2: Number of annual frequencies by aircraft size and route type (intra-Europe), 2000/2006/2012

0-120 seats

Year Feeder decentralized Total Flights
2000 110231 169405 279636

2006 100510 140185 240695

2012 81580 114976 196556
Change 2012/2000 -26% -32% -30%

0-50 seats

Year Feeder decentralized Total Flights
2000 43944 105655 149599

2006 33630 76942 110572

2012 17237 53780 71017
Change 2012/2000 -61% -49% -53%

51-80 seats

Year Feeder decentralized Total Flights
2000 14213 23051 37264

2006 25745 32384 58129

2012 23722 37021 60743
Change 2012/2000 67% 61% 63%

Source: OAG




While — at the aggregated, Europe-wide level — we can assume this reduction in regional air services to have
been overcompensated by e.g. new low cost services, actual connectivity impacts at the airport and regional
levels turn out to be more diverse. In the last 10-15 years, many regions have lost regional air connectivity to
other regions — which may probably contradict the above-mentioned EC Flightpath 2050 connectivity goal.

From the early 00’s, many regional airports suffering from overcapacities have started to focus on low cost
carriers and reduced airport charges, which has in many cases boosted overall capacities and passenger
numbers at the airport level, often at the expense of former regional operations. At the route-level, however,
LCC-frequencies are usually lower than those of regional airlines (see Table 3), meaning that many daily or
double-daily services suited for business travelers have vanished. What is more, at many smaller airports,
LCC supply has not really proofed to be sustainable as many former LCC bases have now been abandoned in
exchange for larger airports, resulting in a stagnation of capacities at the original, smaller LCC airports
(Malighetti et al, 2016).

Table 3: Average number of weekly frequencies by route of selected low cost and regional airlines in

2015
avg weekly avg weekly
frequency per frequency per
Airline Type route, 2015 Airline Type route, 2015
Ryanair LCC 4.1 Flybe Regional | 7.9
easyJet LCC 5.9 LH Cityline Regional | 8.5
Twinjet Regional | 5.9 BA Cityflyer Regional | 9.5
BMI Regional | 6.0 KLM Cityhopper Regional | 16.5
AIS Airline Regional | 6.1 People Vienna Airline Regional | 17.1
Sun Air of Scandinavia Regional | 6.8

Source: Sabre-ADI

The resulting decline of reliable, regional “business” connections can however have adverse impacts on a
region’s connectivity and, potentially, its economic development. Also, airport subsidies could become more
difficult to justify if declining connectivity levels result in lower catalytic effects for the region. The following
figure exemplarily depicts the decline of former high-frequency (daily/double-daily) routes at selected
German regional airports. For example, at Nuernberg (NUE), the number of destinations served at least daily /
twice daily has plummeted from 20/18 in 2000 to 11/10 in 2014. Similar — or even worse developments can be
observed for Bremen (14/12-10/8, BRE), Dresden (12/9-10/5, DRS), Leipzig (13/9-10/9, LEJ),
Muenster/Osnabrueck (12/8-5/4, FMQ), Dortmund (15/11-9/4, DTM), Paderborn (7/6-2/2, PAD) and
Saarbruecken (6/5-4/3, SCN). Berlin Tempelhof was closed down in 2008.
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Figure 2: Number of high-frequency destinations by airport, 2000 vs. 2014
Source: Sabre-ADI
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3. Reasons behind downfall of regional air traffic and starting points for revitalization

We first identify a number of supply-side, i.e. cost-related drivers behind the increasing use of larger aircraft,
which has resulted in the withdrawal of many smaller regional routes. In general, aircraft operating costs grow



disproportionately with aircraft size, resulting in decreasing unit costs (see e.g. Swan and Adler, 2006). This
does e.g. apply to capital and maintenance cost as major components (cockpit, wings, engines, tail, flaps,
gears, etc.) are identical within a given aircraft family, independent from the number of seats. The same
applies to fuel cost (aircraft weight usually develops disproportionately with size, e.g. 422kg MTOM per seat
for the ATR42 compared to 331kg for the larger ATR72), and to flight deck crew expenses. Finally, at some
airports, unit landing fees decline with increasing aircraft size: E.g., at Dusseldorf airport a flat fee of 178
EUR per movement applies to all aircraft between 10 and 40 tons MTOM (Dusseldorf Airport, 2015), which
equals to 4.05 EUR per seat for a 44-seat ATR-42 and 1.98 EUR per seat for a 90-seat CRJ 900.

Apart from this, the increased use of larger aircraft even on regional routes might be explained by demand-
related and other outside factors. First, given the rise of the low cost carriers, we can assume an increased
price awareness of the passengers, making it more difficult for regional carriers to stick to their “small aircraft
— high fares” formula. Second, 6-15% of global air traffic is operated in capacity-constrained conditions
(Gelhausen et al., 2013), especially in Europe and the US. The obvious way to push passenger numbers at
congested airports is to increase average aircraft size, although e.g. Givoni/Rietveld (2009) have shown that
aircraft size is more influenced by route characteristics, such as distance, demand and competition, rather than
by airport characteristics like the number of runways and the capacity situation. Nevertheless, small regional
aircraft (and especially slow(er) turboprops) have almost completely disappeared from the most capacity-
constraint airports in Europe.

What is more, regional operations seem to suffer from other adverse operating conditions which do not only
occur at the congested hubs but at many, if not most airports: Given the relatively high price level compared
to ground transport modes, it is reasonable to assume that regional air services will only be successful if they
come up with a competitive advantage, e.g. a significant reduction of total travel time, which also depends on
airport access time and airport passenger processing. However, most airports have yet failed to provide time-
conscious passengers with real opportunities for quick check-in, security control, boarding and de-boarding
processes. Even at small airports, regional flights are often time-consumingly boarded by bus, and check-in
deadlines hardly undercut 30 minutes. All this may easily translate a 40min regional flight into a 2-3 hours
door-to-door trip, encouraging potential passengers to use alternative transport means instead. In contrast,
airports (or better airfields) where short handling times could easily be achieved tend to suffer from
insufficient airfield infrastructure, ruling out most commercial air services in the current regulatory regimes.

Bases on these findings, we can derive the following pillars that should be tackled by specific stakeholders —
including policy-makers — to re-vitalize the (small) regional air transport market:

« Technological view (vehicle-perspective)

Given the high level of competition and the increased price awareness, bringing down the unit costs of
regional air transport can be regarded as a prerequisite for re-vitalizing this segment. New concepts like the
Cleansky Green Regional Aircraft are currently under development, aiming at reducing the weight and
emissions (and thus major cost drivers) of small regional aircraft (Cleansky, 2015). In the shorter run, existing
cost disadvantages of the sector could probably be reduced to some extent by employing the newest
generation of fuel-efficient regional aircraft such as the ATR-600 series, which apparently allows for unit
costs savings of about 30% compared jet aircraft (ATR, 2014). From a policy-perspective, other, more
fundamental innovations regarding the reduction of unit costs in regional air transport are of particular interest.
Policies that would e.g. allow for single-crew cockpits, as for instance envisaged by Thales and Embraer
(Flightglobal, 2010), or single-engine regional aircraft (which could probably emerge from Pilatus’ PC-12)
could drive down unit costs considerably.

« Operational view (system-perspective)

While it is not straightforward to re-design existing airports in a way that they would better meet the needs of
regional air services (e.g. short access and handling times), policy measures and financial means could e.g. be
applied to allow for the creation of terminal and ramp areas dedicated to regional aircraft where e.g. boarding
by walk would be allowed. Other measures could allow for an increased use of airfields for commercial



scheduled flights. Potential areas of innovation here may e.g. tackle e.g. the terminal airspace level, where e.g.
GLS (GBAS) could be implemented instead of more expensive ILS. Other, simpler measures could be joined
use and hence financing of airport fire brigades together with nearby communities, or relaxed operational
rules for smaller aircraft.

4. Demand potential for new regional services from Germany

We conclude our analysis in assessing the potential demand for new, decentralized regional flights using a
simple approach based on origin-destination (OD) demand and segment supply data available from Sabre
Market Intelligence for 2015. For each of a total of 7,698 unique ODs within Germany and from Germany to
Europe, we assess the passenger number that could be captured by new regional air services as follows, based
on a number of assumptions and simplifications (Figure 3).

First, we derive the distance, and the total, nonstop and indirect passenger humbers, respectively, for each OD
from Sabre MI’s “OD” module. We then retrieve the average weekly number of direct flights (if applicable)
for each OD from Sabre MI’s “leg” module. On routes with many direct flights, almost all travellers tend to
fly nonstop. On other relations, however, all or most OD-demand is only carried indirectly, be it due to the
lack of (a sufficient number of) nonstop flights or for other reasons such as inconvenient departure times of
the nonstop option(s).

We regard a minimum of 7.7 average weekly direct flights in each direction as pre-requisite for a successful
regional air transport operation. This figure is based on an assumed 40 relevant weeks per year (not counting
low-demand summer and x-mas periods when regional flights are often cancelled) multiplied by 10 flights per
week (double week-daily) divided by 52 weeks. In other words: We assume that all ODs currently served
nonstop by existing carriers at an average weekly frequency of 7.7 or more would not be chosen as new
regional routes as existing flight supply is already satisfactorily for most travellers. We hence regard the
current indirect demand volume on each OD with less than 7.7 average weekly direct flights as potential
demand for a new regional air service, provided that the distance remains below 1,500km (862 of all 878
intra-European routes served by regional aircraft from Germany in 2015 remain below this frontier). A (not
yet empirically backed) 25%-multiplier is finally applied to our estimate to account for any supply-induced
demand.

We finally assume that a minimum of 8 passengers per flight would be required to successfully operate a
small regional aircraft, e.g. the 16-seats Jetstream 31(or, in future, a new model of similar size) with a 50%
load factor. Consequently, we also do not count all ODs with an estimated demand per flight below 8. As a
result, we identify a market potential of 313 new routes from Germany, which could generate an additional
2,264,182 passengers per year. This equals an average 7,233 annual passengers per route or 18 passengers per
flight.

Relevant “incl. 25% supply- relevant annual relevant annual
Dis- Pax Paxe Share Freq/ Cap/f annual induced demand per demand per flight
2 Route tance nonstop Connect nonstop Week light demand demand flight adj (min = 8)
1074 TXLVNO 1108 5378.77 10282 34% 1 76 10282.12 12852.65 32.131625 32.131625
1075 MUCNTE 1012 5526.43 4047 58% 1 125 4047.36 5059.2 12.648 12.648
1076 MUCPOZ 580 5493.44 1086 83% 14 88 0 0 0 [
1077 MUCOPO 2256 2689.76 12993 17% 1 165 0 0 0 0
1078 TKLSVO 1599 5455.38 717 88% 1 256 1] 1] o 4]
1079 DUSDBV 1310 5420.81 2478 69% 1 145 2478.04 3097.55 7.743875 0
1080 PADBHX 718 5394 94 98% a 4] 93.59 116.9875 0.29246875 4]
1081 TXLBLL 446 5364.92 2350 70% 5 50 2350.35 2937.9375 7.34484375 [
1082 TXLGVA 896 2.93 17229 0% 0 0 17228.5 21535.625 53.8390625 53.8390625
1083 HAMLUX 613 2.07 7436 0% 4] 0 7436.24 §295.3 23.23825 23.23825
1084 SXFFNC 3284 0 5430 0% 0 0 0 0 0 0
1085 BRETLS 1188 533271 6043 A47% 4 49 6043.49 7554.3625 18.88590625 18.88590625
1086 FRAKLU 853 0 5353 0% 0 0 5352.77 66909625 16.72740625 16.72740625
1087 SXFACE 3444 5211.71 262 95% 0 180 0 0 0 ]
1088 HAMINN 718 5202.37 6704 44% 1 144 6703.69 8379.6125 20.94903125 20.94%03125
1089 DUSPOZ 706 5199.11 3117 63% 4 88 3117.07 3896.3375 9.74084375 9.74084375
1090 MUCCWL 1139 5192.13 621 89% 1 118 620.54 775.675 1.9391875 4]

Figure 3: Market potential calculation (screenshot)



The above assessment shall serve as a very first approach as several aspects have not (yet) been considered,
such as the consumers’ willingness to pay and resulting achievable fares for (potential) direct regional flights;
assumptions for those passenger volumes that would still fly one-stop despite of the introduction of a new,
direct regional service; and the actual degree of supply-induced demand at the route level. In this context, our
methodology is also not capable of delivering demand estimates for airport-pairs which are currently not
served indirectly. We also have not considered both demand and (potential) supply from other airports serving
the same origins and destinations.

What is more, we have not (yet) tackled the cost side and hence could not assess if actual aircraft operating
costs would be low enough to successfully offer flights on the identified routes. In this context, we have also
not considered future/envisaged aircraft technologies and suggested operational enhancements that might —
one day — help bring down unit costs to significantly lower levels which could help exploit new markets.

5. Summary and outlook

This paper reflected and discussed the development and potential outlook of intra-European regional air
services. We found that...

. Regional air traffic in Europe is a declining sector, especially on decentralized routes.
. Average aircraft size of regional operators has been increased considerably.
. More and more regional air transport links have disappeared, leaving many small(er) airports without

any, or with fewer high-frequency (business) routes, contradicting e.g. the EC Flightpath 2050
connectivity goal and reducing catalytic effects for local businesses.

We then identified technological and operational pillars that could help reducing unit costs of small air
transport services and hence make them more viable. Examples include policies that would lower regulatory
restrictions for smaller airports and small regional air transport movements, or new technologies such as GLS
(GBAS) at the airport level.

We finally performed a simple demand estimation to get a first impression of the potential market size for new
regional air services in Europe, which builds on existing demand volumes on indirect routings between
Germany and Europe derived from Sabre’s M| database. Based on a number of assumptions that should be
relaxed in future research, we see a potential of 313 new routes from Germany, which could generate an
additional 2,264,182 passengers per year, equaling an average 7,233 annual passengers per route or 18
passengers per flight.
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Abstract

While business aviation in the world has been flourishing, the industry in Taiwan is still in its infancy. Taiwan
has a good geographical location and economic background, making her a great potential to develop business
aviation industry. However, the uncertainty of the environment generates difficulties in making decisions for
operators. How to choose a suitable fleet of business jets is one of the critical issues that face business charters.
This study aims to find out the type of aircraft that is suitable for cross-strait market and provide a model to
assist the business jet company in aircraft-choosing evaluation. Factors that will be considered include
benefits of the business charters and the preference of business travelers. The Multi Criteria Decision Making
(MCDM) approach with be employed in the study, with information obtained from interviewing panel experts
in the related areas. It is expected that this study will reveal the essential factors that have a bearing on the
business charter’s decision for aircraft types.

Keywords: Business aviation, Aircraft type, Cross-strait, MCDM

1. Introduction

While business aviation in the world has been booming, the industry in Taiwan is still in its infancy. After the
publication of laws and regulations related to business aviation in 2007, the first business jet company was
established and the first business aircraft started operating in 2010. The Government is also actively revising
the relevant regulations regarding to business aviation. It is expected that the support from government will
promote the industries relevant to domestic business aviation and set a higher standard of service in the future.

Bombardier (2013) defined that business jet in a forecast region relative to the growth rate of the millionaire.
According to Asia-pacific business jet charter report 2016, historical data for the total number of high-net-
worth individuals (HNW) and ultra-high-net-worth (UHNW) is presented thus providing a guideline of the
growth and potential market size of charter demand in each country (Asian Sky Group, 2016). There are 356
thousands millionaires in Taiwan and we project a gradual rise of the number in future. As indicated
previously, the millionaires are potential clients of business aviation. It means that the business aviation has
unlimited potential in Taiwan.

According to Credit Suisse’s Global Wealth report in 2016, GDP per capita of Taiwan is USD 22,288, and
therefore the average business jets per capita (million) should be 7 (correspond to the curve in Figure 1). The
population in Taiwan is 23 million, thus, according to Bombardier’s study, the number of business jet in
Taiwan should be 161. However, there are only 9 business jets in Taiwan. It means that the development of
business aviation in Taiwan is still slow and there is a large room of growth for the industry.

Since the restriction on family visit to China was deregulated in 1987, the direct air link between Taiwan and
China in 2008, economic activity and tourism increase ever since. Based on the statistical data of Civil
Aeronautics Administration Ministry of Transportation and Communications at the end of 2016, the load
factor of Cross-Strait Direct Flight was 78.7%, and there were 10,339,284 people taking airplanes that year,
accounting 21.7%. The figures showed the great demand between cross-strait. However, scheduled flight still



cannot meet the special needs of business travellers. On the other hand, business aviation with the time
flexibility, reliability, privacy and security, will become the future development of Taiwan's aviation industry.

Taiwan has a good geographical location and economic background, making the development of business
aviation extremely potential. Due to the immature regulations, political factors, and public unfamiliarity, the
development of business aviation is still very slow. This study aims to find out the type of aircraft that is
suitable for cross-strait market.

Business Jet Penetration In The G20 And Others

1
00 Us, #1K
— CAM, 400
= 10 MEX, 645 ROW (OECD), 1239 _ o_. ~y
© b KA M0 . T
= SAF, 160 PRt AUS 139
=3 BRz, 471 @ ARG, 107, = e
o e ITA, 152
-~ 1 " OTURK, T
] (1 ) ®rus, 107 O
< ROW{rion-OECD), 1452 @skR,22 PN, 73
2 lemm 3
B A ]
w \
=1 ® — )
@ ; CHINA B2 o GDP
: --Trend
0.01 X

0 5 10 15 20 25 30 35 40 45
GDP (K$) / Capita

High Growth Regions Have Potential To
Increase Fleets By Orders Of Magnitude

Sources: Global Insight, JETNET

Figure 1: Business Jet Penetration
Source: GAMA (2009)

2. Literature Review
2.1 Business Aviation
« 1% Definition of Business Aviation

Business aviation is a part of general aviation that can be used for business purposes (National Business
Aviation Association, NBAA, 2014). International Business Aviation Council (IBAC) definite the business is
sector of aviation which concerns the operation or use of aircraft by companies for the carriage of passengers
or goods as an aid to the conduct of their business, flown for purposes generally considered not for public hire
and piloted by individuals having, at the minimum, a valid commercial pilot license with an instrument rating.

2" Operation Model of Business aviation

According to IBAC (2015), business aviation is divided into five segments: (1) owner operated (2) corporate
(3) fractional ownership (4) jet-card program (5) commercial.

Owner operated is about the individual has full ownership of the airplane. Corporate is means for an
individual or a company entity owns the plane. Fractional ownership is an individual or a company owns 1/16
to 1/2 of an aircraft through a third party (fractional share provider) and receives management and pilot
services associated with a fractional share provider. Jet card programs are about individual or companies
purchase a block of flight hours (usually under 50 hours per year), in order to get a specific price on the
contracts. The last segment is commercial, it’s divided into two kinds of operations: air taxi and branded
charter. Air taxi is per-seat charter while branded charter is chartering the whole airplane. The operation
models are shown in Figure 2.



Level of customer involvement required to fly

Figure 2: Operational Model of Business Aviation
Source: Bombardier (2013)

2.2 Aircraft Type Selection

Purchase a new aircraft is a huge investment, it’s essential to consider many factors, such as demand,
performance, finance, economics, market condition, fleet commonality, airline strategy, etc.

Paul Clark (2007) establishes a series of categories of the fleet selection process. It’s divided into five
categories: (1) market and route: size, growth, mix, comfort, schedule, airport compatibility, economics, turn
times. (2) operations: crewing, aircraft mix, ETOPS, minimum equipment list, performance. (3) finance and
contractual: purchase vs. lease, residual value, buy back, insurance, price escalation, guarantees, spares
pricing, cost of updates. (4) engineering: spares inventory, pooling, commonality, facilities, third party needs.
(5) regulatory and environmental: certification rules, environment standards special conditions.

Moshe Givoni and Piet Rietveld (2009) point out that the choice of aircraft size factors related to market
conditions include competitive conditions related to regulation of markets, airport policies, and cost
parameters. Research shows that the choice of aircraft size is mainly influenced by route characteristics (e.g.
distance, level of demand and level of competition) and almost not at all by airport characteristics (e.g.
number of runways and whether the airport is a hub or slot coordinated). Slavica Dozi¢ and Milica Kali¢
(2015) develop a three-stage model for fleet planning that cope with both fleet composition and fleet size
problems for airline operating in short haul and medium haul route by taking into consideration aircraft seat
capacity, price of new aircraft, luggage per passenger, maximum take-off weight (MTOW), and unit trip costs
that include fuel costs, maintenance costs, flight crew costs, insurance, and some other costs. Vivek Pai (2010)
explores the relationship between aircraft size and frequency of flights by considering market demographics,
airport characteristics, airline characteristics, and route characteristics. The results show that the flight
frequency and aircraft size increase with the population, income, and runway length.

Dipasis Bhadra (2005) uses a multinomial qualitative choice model to establish empirical linkages among
aircraft choice, passenger flows, distance, types of airport hubs, network, and time of the year. The research
shows that both passengers and distance play important roles in selecting types of aircraft.

This paper aims to solve aircraft type selection problem for business charter in the cross-strait market. The
aircraft type that meets the market condition, business jet company and business travelers’ benefit should be
chosen from the defined set of aircraft. According to the previous literature review, listing the factors as
follows.
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Costs ™ Operation cost

Price of new aircraft

Business travelers’
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I | Maximum take-off weight (MTOW)
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Figure 3: Hierarchy of decision level



Table 1: Description of each criteria

Criteria Description
A rate considered optimal with regard to the amount of fuel
Fuel efficiency consumed, influenced by taxing, takeoff cruising.... Using the fuel
consumption rate provided by manufacturers as consideration.
Cost Operation cost Including crew, maintenance, insurance cost, etc.
Price of new Dl_Je to the wide s_elec_tion of gircraft interiors and the difference in
aircraft price, use _the unit price of aircraft provided by manufacturers as
consideration.
Comfort level Related to the volume of cabin and number of seats.
Business For the confidence of aircraft type, according to place of origin,
, Brand -
travelers brand and accident rate.
preference By comparing with nearby area speculating the aircraft type meets

Approximate fleet travelers’ requirements.

Maximum speed | Aircraft speed affects productivity.

Business aviation decreases total travel time by using the smaller
Takeoff distance airports closer to final destination. The shorter takeoff distance,
the more airports for choice.

MTOW related to operating empty weight (OEW), total payload

Performance of

aircraft (I;/If? )\j\'/g:gm take- (passenger and baggage) and total fuel loaded (taxi-out fuel, trip
fuel, and reserve fuel). Using the data provided by manufacturers
(MTOW) . ;
as consideration.
Range The longer flying distance means the larger operation scope.

2.3 Methodology - Evaluation of mixed data method
i. 1° Conceptual Framework

The conceptual framework to explore aircraft type for business charter is showed in figure 4. First, the
assigning criteria are listed in the previous section. Second, we get the weight of each criterion from
guestionnaire and obtain weighting with AHP methods. Third, we collect the data of qualitative criteria and
guantitative criteria separately. Last, we get the appraisal score through the EVAMIX, which solves the
problem of aircraft choice evaluation

Qualitative
=] criteria— E
questionnaire
Setting the Get the criteria Select the
assignment [  weights— 7] EVAMIX > aircraft type
criteria Questionnaire i
Quantitative
= criteria—
collectdata

Figure 4: Conceptual framework
ii. 2" EVAMIX Model

Application of Multi Criteria Decision Making (MCDM) could support decision makers in choosing the best
solution. MCDM establishes preferences by considering a set of conflicting criteria to assess the extent to
which the goal is achieved. MCDM technique establishing criteria and estimating the relative importance
weights of each criterion.



Evaluation of mixed data (EVAMIX) method was established by Voogd in 1983 and later advocated by
Martel and Matarazzo (2005). The EVAMIX method is a generalization of concordance analysis in the case of
mixed information on the evaluation of alternatives on the judgment criteria. Thus a pairwise comparison is
made for all pairs of alternatives to determine the so called concordance and discordance indices. The
difference with standard concordance analysis is that separate indices are constructed for the qualitative and
guantitative criteria. The comprehensive ranking of alternatives is the result of a combination of the
concordance and discordance indices for the qualitative and quantitative criteria (Martel and Matarazzo, 2005).

It is based on the determination of the dominance score of an alternative on criterion-by-criterion basis. The
main difference between EVAMIX and other MCDM methods is that it can treat the ordinal or qualitative
criteria and cardinal or quantitative criteria separately. Both the ordinal and cardinal data are separately
normalized in the range of 0-1 using linear normalization procedure. The degree of pair-wise dominance for
each pair of alternatives is calculated, as the difference in score received by the higher performing alternative
compared to the poorer performing alternative. The weighted sum of the dominance scores is then assigned to
each alternative. The criteria weights can be obtained applying any of the weighting techniques, e.g. AHP and
entropy method. The outcome of this aggregation procedure is similar to the outcome of the weighted sum
method; the relative performance of the alternatives is the same but there is difference in the scale of the
measure of performance (Prasenjit Chatterjeea et al., 2011).

According to literature view, EVAMIX method consists of the seven steps (Voogd, 1983; J.M. Martel, B.
Matarazzo, 2005; V.P. Darji, R.V. Rao, 2014; Prasenjit Chatterjeea et al., 2011; Veera P. Darji et ai., 2013):

Step 1: In the decision matrix, differentiate between the ordinal and cardinal criteria.

Step 2: Normalizing the data set is done in the range of O - 1 using linear normalization procedure. The
beneficial and non-beneficial attributes are weighted by different equations. For beneficial attributes,
normalize the decision matrix using the following equation:

. For beneficial attributes, normalize the decision matrix using the following equation:

ry =[x — min(x;)]/[max(x;) - min(x,)] @

(i=12..,mij=12 .. ,n)

. For non-beneficial attributes the above equation can be rewritten as:

ry = [max(x;) — x| /[max(x;) — min(x;)] @

i=12..,mj=12 . ,n)

Step 3: Calculate the evaluative differences of i alternative on each ordinal and cardinal criteria with respect
to other alternatives. This step involves the calculation of differences in criteria values between different
alternatives pair-wise.

Step 4: Compute the dominance scores of each alternative pair, (i,i’) for all the ordinal and cardinal criteria
using the following equations:

1/c
Ay = [Z{Wﬁg“(fu _Tf;)}cl (3)
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where the symbol ¢ denotes a scaling parameter, for which any arbitrary positive odd number, like 1, 3, 5, ...
may be chosen, O and C are the sets of ordinal and cardinal criteria respectively, and aii and yir are the
dominance scores for alternative pair, (i,i”) with respect to ordinal and cardinal criteria respectively.

Step 5: Calculate the standardized dominance scores which can be obtained using three different approaches,
i.e. (a) subtractive summation technique, (b) subtracted shifted interval technique, and (c) additive interval
technique. Martel and Matarazzo proposed a systematic additive interval approach to derive the standardized
ordinal score (&;) and cardinal dominance score (di) for the alternative pair, (i,i’) as follows:

_ (“ii’_“_)

Standardized ordinal dominance score (i) = = (5)

where o', (a") is the highest (lowest) ordinal dominance score for the alternative pair, (i,i’).

Standardized cardinal dominance score (dir) = % (6)

where y*, (v") is the highest (lowest) cardinal dominance score for the alternative pair, (i,i’). If the subtractive
summation technique is used for calculating the standardized dominance scores, then Egs. (5) and (6) become
as follows:

m m -1
8, =ay (ZZ"I;{') @)

i=1 =1
m m -1

dy = v, (Z Zlyiz* |) (®)
i=1 =1

Step 6: Determine the overall dominance score. The overall dominance score, (Dii’) for each pair of
alternatives, (i,i") is calculated which gives the degree by which alternative i dominates alternative i’.

Dy = woby + wedyy 9

where wo is the sum of the weights for the ordinal criteria (Wo=>jeow;) and wc is the sum of the weights for
the cardinal criteria (Wc=3 jecW;).

Step 7: Calculate the appraisal score. The appraisal score for it" alternative (Si) is computed which gives the
final preference of the candidate alternatives. Higher the appraisal score, better is the performance of the
alternative. The best alternative is the one which has the highest value of the appraisal score.

D"t
Appraisal score (§;) = Z (DI I,) (10)
= \Du

3. Empirical study

It’s estimating Data will be collected through expert interview and general survey from a sample containing
10 to 15 experts.



3.1 Criteria Weights

In this part, calculating the weight of each criterion with AHP methods.

3.2 Evamix

i.) 1% Criteria Weights of Qualitative and Quantitative Data

Compute the qualitative and quantitative data to get the appraisal score.

ii.) 2" Aircraft Type Selection

Use the score calculated in the previous section and find out the suitable aircraft type.
4. Conclusion

This study aims to find out the type of aircraft that is suitable for cross-strait market and provides a model to
assist the business jet company in aircraft-choosing evaluation. Expecting results of this study as follow:

. Establish a business aircraft choice model. The factors listed in this study as a reference to business jet
company although in different environment.

. Since the purchase of aircraft is a huge investment, there are conflicting factors taken into consideration
when evaluating the process. EVAMIX generalizes the case and mixes with qualitative and quantitative
data, which assist decision-making more extended.
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Abstract

Reefer logistics is an important part of the temperature-controlled chain in which reefer containers are
involved as the packaging for perishable goods. In recent years, the demand for reefers has increased, which
consequently puts pressure on industries and governments to design effective reefer logistics systems. Reefer
logistics is challenging, as it deals with not only costs and time constraints but also with product quality and
sustainability requirements. Furthermore, many actors, e.g., shipper, transport carriers, etc., are involved in
reefer logistics with different (and sometimes conflicting) goals. When introducing new concepts to reefer
logistics, it is necessary to consider these distinctive features. Most of existing research on reefer logistics has
not thoroughly considered these characteristics; and usually solutions have been proposed from one actor’s
perspective. Thus, the main purpose of this paper is to provide an overview of the characteristics of reefer
logistic, using system analysis. The objective of this paper is twofold: firstly, to gain an understanding of the
system of each actor in reefer logistics with a single-actor system analysis, including objectives, means,
internal factors and external factors; secondly, to identify the interactions among different actors with a
system analysis in a multi-actor setting.

The results show that actors have a number of means to meet their own objectives; however, there are trade-
offs between benefits and risks if an actor takes certain actions. Furthermore, the means of one actor may have
negative impacts on the objectives of other actors. A delay of one process requires other operators to speed up
the processes to compensate for the loss of product shelf life; however, increasing speed consumes more
energy that reduces the operators’ profit and emits more pollution. The results also indicate that several means
benefit more than one actor in the system, such as applying planning tools to terminal operation and
exchanging information. Additionally, the findings suggest that port authority and governments, as public
parties, need to actively guide the market players by issuing regulations and providing subsidies. These are
essential to stimulate information sharing and to vitalize intermodality for reefer logistics. Overall, this work
contributes to a better understanding of the characteristics of reefer logistics. The identified causal relations
will support to develop propositions in the field of reefer logistics. Further studies need to be carried out in
order to validate the findings.

Keywords: Reefer logistics, System analysis, Multi-actor setting, Trade-offs

1. Introduction

Reefer logistics is an important part of the temperature-controlled chain. In global reefer trade, the reefer
logistics process starts from a cool warehouse of an exporter where perishable goods are loaded into reefer
containers. Then the full reefer containers are transported through the hinterland to an export port to be loaded
onto vessels. The vessels ship the full reefer containers to an import port where the full reefers are unloaded
from the vessels and loaded onto next modalities, e.g., barges, trains or trucks. At a cool warehouse of an
importer, the full reefer containers are unloaded. After that, the empty reefer containers are maintained and
repositioned (mostly back to the empty reefer depot in the seaport). In short, reefer logistics is the part of
temperature-controlled chain where reefer containers are involved as the packaging for perishable goods (Jung
& Kim, 2015).



Reefer containers are used to carry goods that require controlled temperature. There are two main types of
reefer containers: (1) portholes, which are supplied with cold air; and (2) integrated reefers, which have
refrigeration units built into their structure (Accorsi et al., 2014). These refrigeration units operate electrically,
either from an external power supply during transportation and at a container yard (Rodrigue & Notteboom,
2015). In general, reefer containers are intermodal containers with standard measures that can be operated on
multiple transport modes, such as vessels, trains and trucks (Bomer & Tadeu, 2013). A modular structure
realizes handling flexibility and efficiency, which leads to a shift from refrigerated vessels to reefer containers
in global transportation of perishable goods.

In recent years, reefer logistics has an increasing demand with the growth of global trade. The estimated
average annual growth rate is 2.5% from 2007 to 2017 (Drewry, 2014). By 2020, the demand of seaborne
reefer logistics is forecasted to reach 120 million tonnes (Drewry, 2015). The increase in reefer demand is
closely related to the growth of perishable goods consumption in mature markets, such as West Europe and
North America, and also depends on the development of emerging markets, for example, China, East Europe
and India (Arduino et al., 2015). These are the main importers of reefer commodities in recent years. The
perishable goods are mainly from Latin-America and Africa (Bémer & Tadeu, 2013). The growing demand
consequently puts pressure on industries and governments to design (more) effective reefer logistics systems
in order to fulfil the demand.

However, effective planning for reefer logistics is challenging, since reefer logistics has some distinctive
features compared with dry containers. Firstly, reefer logistics requires high investment in refrigeration
equipment. The price of a reefer is five times higher than that of a dry container of the same size (Rodrigue &
Notteboom, 2014). Achieving high asset utilization through effective planning of reefer transportation and
repositioning is necessary. Secondly, reefer logistics not only deals with cost constraints but also intrinsic
factors of food that might degrade during the distribution (Luning & Marcelis, 2009). Thus, an additional
requirement is to preserve product quality along the supply chain. Thirdly, to maintain product quality, reefer
containers use energy to supply refrigeration units during storage and transportation. Therefore, minimizing
the energy consumption can be a challenging issue in reefer logistics (Steenken et al., 2004). Extra energy
consumption creates more pollution to the environment, for instance, reefers are responsible for about 30-35%
of the energy consumption at sea terminals (Geerlings & Duin, 2011). Hence, consideration of sustainability is
more important for reefer logistics. Last but not least, the maintenance of reefers not only impacts the
availability of reefers but also influences the energy consumption in the transport and storage process
(Hartmann, 2013). All these technological features make reefer logistics more complicated than dry container
logistics.

In addition to the technological features, there are many actors involved in different segments of reefer
logistics, e.g., shippers, transport operators and port authority. On one hand, an individual actor has limited
knowledge and less interest to improve performances of the whole system. On the other hand, actions to
achieve one’s own goals might have negative impacts on other actors. For instance, a slow steaming strategy
of maritime carriers can reduce fuel consumption in the transportation. However, it increases the shipping
time which makes hinterland operators choose road transport in order to fulfil total transit time requirement.
Road transport is more costly and has more pollution to the environment, which is not preferred by hinterland
operators and government parties. The trade-offs between benefits and risks among multiple actors make
reefer logistic more complicated.

Due to the special characteristics of reefers and reefer logistics, typical problems of port-hinterland container
logistics can be more problematic for reefers. Delay in terminal operation, partly due to lack of space and
delays in custom control, results in lack of insight in times that containers are available for further processing,
which might also influence the product quality. Information sharing in port-hinterland container logistics is
another typical problem. Transport operators might be reluctant to install monitoring devices to collect
product information during transportation (Huh et al., 2016). Without accurate cargo information, shippers
have fewer chances to detect problems of their products. Furthermore, currently single-mode road transport is
the dominant mode in port-hinterland transportation (Menesatti et al., 2014). This causes road congestion in
the port area and increases in total transit time, which might further affect the product quality and
sustainability. Intermodal transport can reduce operational costs compared with single-mode road transport



(Menesatti et al., 2014). However, the reality is that inland waterway and rail transport are even losing market
share (Port of Rotterdam, 2014). In addition, maintenance hours of reefers by experts are too high (Ballieux et
al., 2014). Inefficient maintenance processes result in low reefer utilization and excessive use of energy during
transportation and storage. In other words, to efficiently tackle these problems in the field of reefer logistics, it
is important to consider the technological and managerial characteristics of reefer logistics in the decision-
making process and in designing tailored solutions.

Thus, the main purpose of this paper is to provide an overview of the characteristics of reefer logistic, using

system analysis. The objective of this paper is twofold:

« Firstly, to gain an understanding of the system of each actor in reefer logistics with a single-actor system
analysis, including objectives, means, internal factors and external factors;

« Secondly, to identify the interactions among different actors with a system analysis in a multi-actor setting.

The results of this work are (1) a system diagram for each of the main actors in reefer logistic to obtain
insights into the relations between the means, objectives, internal factors and external factors; and (2) a system
diagram for each means that shows the impacts of this means on multiple actors. The results can be further
quantified and validated by mathematical programming models. The results can be used to provide managerial
indications for the governments and industries. This makes the study highly relevant, not only in terms of
academic interest, but also from a practical point of view.

Following this brief introduction, Section 2 is a brief literature survey on existing studies of reefer logistics.
Section 3 describes the methodology used in this study: an iterative system analysis approach. Section 4
discussed the system analysis results on the characteristics of reefer logistics and the interactions among actors.
Section 5 addresses some discussions and conclusions, stressing the most important characteristics and their
indication to the governments and industries.

2. Literature Overview

A number of researches have been carried out on the topic of reefer logistics. Some researchers discuss trends
and challenges of reefer logistics in general. Arduino et al. (2015) find the rapid growth of reefer container
capacity in the recent decades. They show the great potential of reefer container by comparing of costs of
reefer container and bulk reefer ship for banana transportation. Besides, Bomer and Tadeu (2013) emphasize
that reefer logistics is a profitable market niche in the future development. Although reefer containers have a
promising growth, a number of challenging issues might hinder the development, e.g., demand mismatches,
cold chain integrity, transportation and transhipment issues (Rodrigue & Notteboom, 2015). In addition to the
general discussion, other studies have proposed solutions for a part of reefer logistics usually from the
perspective of one actor.

The studies in the field of reefer logistics are classified into four categories. The number of papers in each
category is depicted in Figure 1. The categories are modified according to cold chain technique discussed by
Rodrigue et al. (2013):

« Transport, which includes maritime transport and hinterland transport;

« Transhipment, which includes strategic and operational terminal decisions;

« Monitoring, which includes intelligent transport system and product quality measurement; and

« Packaging, which includes atmosphere control in reefer, container redesign and refrigeration unit design.
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Figure 1: Categorization of articles on reefer logistics

A considerable number of papers discuss solutions for reefer transportation to lower energy consumptions, to
reduce greenhouse gas (GHG) emissions or to decrease operational costs. Some researchers focus on reefer
maritime transport, for example, Ambrosino et al. (2015) discuss multi-port stowage planning problem
considering reefer containers in order to reduce re-handles costs. Lu et al. (2010) develop an integer
programming model for ship’s slot allocation that takes into account reefer containers to maximize profits for
a liner shipping company. Cheaitou and Cariou (2012) analyse the slow steaming strategy of liner shipping
operators. They find that this strategy reduces energy consumption of ships’ main engine, while it increases
energy usage for the refrigeration units due to longer transit time. In their work, consequences of longer transit
time on other actors, e.g. reduction of product shelf life and less remaining time for hinterland transportation,
are not discussed. Another research direction of reefer transportation is hinterland transport. However, there
has been limited focus in current research. Menesatti et al (2014) conduct a case study of reefer transportation
to compare costs and transit time of single-mode road transport and intermodal transport. They show that
intermodalilty has advantages for reefers with respect to operational costs and CO production. They also
suggest that further research is needed to design integrated networks and schedules for multiple modes and to
analyse the impacts on product quality and sustainability. Besides, Liitjen, et al. (2013) and Haass et al. (2015)
describe a concept to use intelligent containers with quality-driven distribution, which provides an opportunity
to reduce food waste by flexible distribution decision. They evaluate the concept from the perspective of a
shipper. They do not discuss the willingness of a maritime carrier (i.e., reefer owner) to invest in intelligent
reefers and to share reefers in hinterland.

With regard to reefer transhipment, limited studies have been carried out. At a terminal, reefers are connected
with power supply by operators during storage. Hartmann (2013) use a hybrid optimization and simulation
approach to analyse the scheduling of reefer mechanics at a container terminal. The objective of Hartmann is
to minimize weighted sum of total tardiness and total travel time (2013). A simulation study has been
conducted to analyse the reefer processes in general. Filina and Filin (2008) identify different reasons why
power connections are cut off at a terminal. Filina et al. (2015) further measure risk of load loss in a terminal
under different situations. In addition, some other studies are not specific for reefers but included reefer
containers in the terminal decision models, e.g., Wiese, et al. (2011) discuss the decisions on reefer container
yard design. Bazzazi et al. (2009) propose a generic algorithm to solve the storage space allocation problem in
a container terminal including reefers. Martin et al. (1988) describe a heuristic method for vessel stowage plan
and they recognize the constraint of reefer container connection on a vessel.

Monitoring refers to devices and systems able to track and record conditions in reefer containers, such as
temperature and humidity throughout the whole reefer logistics process (Rodrigue et al., 2013). A number of
publications have been in the field of intelligent transport systems due to worldwide concerns about food
safety. Sensor network techniques are described by Ruiz-Garcia et al. (2007) and Jiménez-Ariza et al. (2015).
Heidmann et al. (2012) and Wessels et al. (2011) discuss software and hardware design for intelligent freight
transport systems. These techniques increase information transparency of reefer chain and the concept of
intelligent transport systems is becoming more popular (Ruiz-Garcia et al., 2007). However, most of the
studies mainly focus on the technical part of the system design. Investment in monitoring devices is left out in
their discussion. In reality, extra investment is needed to implement certain systems (i.e., intelligent containers
and wireless sensor networks). Risk and profit sharing are issues that need further analysis (Haass et al., 2015).
There is also research on data measurement and analysis, see for instance the models developed by Jiménez-



Avriza et al. (2015). They analyse the shelf life of the lemon with the data collected with multi-distributed
wireless sensor. Furthermore, Jedermann et al. (2014) show the possibility to use a structured system model
for banana chain that reduce the information on the measured temperature curves to a set of only two index
values. Bollen et al. (2013) describe a wireless temperature monitoring system and they compare different
quality prediction model based on the data collected by the monitoring system. In addition, Jedermann et al.
(2014), Palafox-Albarran et al. (2011), James et al. (2006), and Tanner and Amos (2002) conduct research on
temperature prediction models that can improve accuracy of product quality prediction.

Table 1: Overview of publications reviewed — by category

Category Topics Actors
Rodrigue and Notteboom (2015): facts of containerazation and cold shipper,
chain maritime

Maritime Fitzgerald et al. (2011): energy usage estimation during transportation  carrier,

Transportation Blanke (2005): life cycle assessment to calculate energy usage terminal
Arduino et al. (2015): reefer container vs. bulk reefer vessel operator,
Litjen et al. (2013) Haass et al. (2015): quality driven distribution hinterland

Hinterland using intelligent containers transport
Menesatti et al. (2014): Intermodal vs. Conventional logistics operator
gzr::ﬁg:]cs Wiese et al. (2011): terminal layouts planning

Transhipment Fitzgerald et al. (2011): energy usage estimation at a sea port terminal

Operational Bazzazi et al. (2009): terminal storage space allocation operator
decisions Hartmaan (2013): scheduling of equipment and manpower
Filina and Filin (2008): influence of lack of electricity supply
_— Huh et al. (2016): power line communication based technology
Monitoring

Ruiz-Garcia et al. (2007): sensor network review
Lukasse et al. (2003): automatic monitoring procedure

system design

Intelligent Wessel et al. (2010): hardware and software design
object Heidmann et al. (2012): intelligent container
Jedermann et al. (2013) Palafox-Albarran et al. (2011) James et al. shipper,
Monitoring (2006) Tanner and Amos (2013): temperature prediction maritime
Quality Jiménez-Ariza et al. (2014): real time monitoring and shelf life carrier

Jedermann et al. (2014): remote quality monitoring for banana chain

mgiﬁg(rjement Bollen et al. (2015): evaluation on quality predicting model
Sman and Verdijck (2003): model prediction control of condition in
reefer
Verdijck and Straten (2002): product quality control method design
Container Sepe_ et al. (2015):_ PCM in container _
design Harr|§on and Herlihy, (1995) Moureh et al. (2009): re-design of reeer
container
Dodd (2013) (Moureh et al. (2009) Alpteken et al. (2014) Smale et al.
Atmosphere (2006): airflow characteristics shipper,
Packaging container Trinidad et al. (1997) Lawton and Rhodes (2014): controlled maritime
atmosphere carrier
Refrigeration ~ Tso et al. (2001) Tso et al. (2006) Jolly et al. (2000) Yan-Qiao and Shi-
unit Liang (1996)
Comparison

of containers Accorsi et al. (2014)

Another large part of existing research has focused on the reefer itself. An experiment has been conducted by
Accorsi et al. (2014) to compare thermal protection ability of dry containers and reefer containers. They also
provide a general comparison of costs and emission of CO; equivalent between dry containers and reefer
containers. To maintain product quality, some researchers have carried out studies on managing air flow in
reefer containers, e.g., Dodd (2012), Moureh et al. (2009), Smale et al (2006) and Alptekin et al. (2014)
discuss the airflow characteristics within a reefer container. Trinidad et al. (1996) and Lawton and Rhodes
(2014) analyse controlled atmosphere in containers. Some researchers have focused on redesign of the bin or
the envelope of a container, e.g., Copertaro (2016) analyse the potential to use phase change materials (PCMs)



in the envelope of a container to maintain temperature homogeneity inside the reefer and to reduce energy
usage. Sepe et al. (2015) propose to use PCMs in containers to achieve lower manufacturing costs and energy
consumption. Harrison and Herlihy (1995) propose to utilize glycol-chilled wall for reefer containers in order
to maintain product quality. However, costs of additional materials have been rarely discussed. Another
research direction is on the efficiency of refrigeration units, see for instance (Tso et al., 2001), (Tso et al.,
2006), (Jolly et al., 2000), and (Jiang & Wang, 1996).

The detailed topics that are discussed in the existing papers are summarized in Table 1. In general, limited
studies have been conducted for reefer logistics, although there is an increasing focus on reefer market in the
industry. Existing studies have developed a number of solutions that can improve cost-efficiency, product
quality or sustainability. However, most of the studies do not thoroughly consider the characteristics of reefer
logistics. The solutions are proposed from one actor’s perspective, e.g. shippers, maritime carriers, terminal
operators and hinterland operators. Other actors are not focused in current researches, e.g., public parties. An
integrative perspective is lacking on an overall understanding of the specific characteristics of reefer logistic
in a multi-actor setting. To conclude from the literature study, since technological aspects in the multi-actor
setting create a complex socio-technical system, there is a need for a comprehensive understanding of the
characteristics of reefer logistics, in order to achieve effective operation.

3. Methodology

In this research, an iterative system analysis approach was used, which is described in this section. The
approach includes three steps: (1) systematic literature review; (2) system analysis; and (3) expert interviews,
as depicted in Figure 2. In section 2, a number of researches have been described. The actors discussed in each
paper were identified. Information related to the system of each actor was extracted and collected with the
systematic review. With system analysis, the objectives, means, internal factors and external factors were
identified for each actor involved in reefer logistics based on the systematic literature review results.
Interactions between different actors were also analysed. After that, a preliminary system analysis result was
generated and discussed with experts in the field of reefer logistics. Feedback was used to update the system
analysis until a comprehensive understanding of reefer logistics was achieved. In the following content,
details of each step are described.

System Analysis

Systematic ——— - Single Actor —— ) Expert Interviews

Literature Review - Multiple Actors

N )

Figure 2: Iterative system analysis approach

3.1 Systematic Literature Review

A systematic literature review is a comprehensive approach used to extract and summarize desired
information from the existing research, which can avoid bias on literature searching (Dickson et al., 2013). In
this research, a considerable number of scientific publications in the field of reefer logistics have been
reviewed. The learning objective is to collect information and data of reefer logistics from the literature to
support a system analysis. The information and data include the objectives, means, internal factors and
external factors of each actor, and also the relations between the factors. Scopus was selected as the electronic
literature search engine since most of operations research and logistics publications were published in Scopus.
For the literature search, keywords were formulated and classified into two groups:
- Reefer: reefer, refrigerated container, temperature-controlled container, climate-controlled container,
environment-controlled container and insulated container
« Logistics: logistics, cold chain, supply chain, transport, intermodal, hinterland transport, shipping, inland
waterway, road and rail.



The searching strategy was to combine the keywords in these two groups using the Boolean operator “OR”
and “AND”, and wildcards, e.g., an asterisk (*). In total, 82 articles have been selected for full paper review.
The detailed literature searching strategy and data extraction table are discussed in Appendix A.

3.2 System Analysis

A system analysis was conducted after the systematic literature review. The information extracted from the
literature was the input to the system analysis. A systems analysis method is a structured, empirically based,
verifiable and reproducible method to analyse a large and complex system (Walker, 2000). The output of a
system analysis for a single actor is an actor-specified system diagram, as shown in Figure 3. A system
diagram consists of four major components: objectives, means, internal factors, and external factors (Enserink
et al., 2010). Objectives are the expected situation of the system from the perspective of the actor; the
achievement of the objectives is measured by a number of criteria. Means are elements represent what the
actor can do to influence the system and increase the chance to achieve the objectives. The main part of a
system diagram is a causal-relationship map that links the means, internal factors and criteria. It shows how
the means influence the objectives. In addition, external factors are considered in the system diagram to
represent factors that are outside the control of the actor and can influence the system.

external factors

—> —»
means system criteria

Internal factors

Figure 3: System diagram: conceptual framework for system analysis
Source: Enserink et al. (2010)

In this study, system diagrams have been developed based on a modification of the steps introduced by
Enserink et al. (2010). Firstly, a system analysis was conducted for each single actor that started from defining
an initial objective for each individual actor. Then, fundamental objectives were identified by asking “why”
guestions to the initial objective (Enserink et al., 2010). After identifying the fundamental objectives of each
actor, a means-ends analysis was carried out, which started from the fundamental objectives by asking “how”
questions in order to find lower level means that can be taken to achieve the objectives (Enserink et al., 2010).
The “how” questions were frequently asked until a means-ends analysis links all specific actions (identified
from the literature) with the fundamental objectives. The means-ends analysis provided alternative solutions
that an actor might do to achieve the specific objectives. In practical, there are more factors that can influence
the system. Thus the means-ends analysis was extended by adding the relations of identified internal factors
and external factors. In the end, a system diagram was developed for each actor that showed a system
description. The system diagram provides a qualitative form of a “what if” analysis that helps the
understanding of a relationship between the element in the system (Enserink et al., 2010). Secondly, a multi-
actor system analysis was conducted by analysing whether a means has impacts on more than one actor. A
“what if” analysis was carried out for each identified means. The multi-actor system analysis results help to
understand what the impacts on the other actors’ systems are, if a specific means is used by an actor.

3.3 Expert Interview

In this research, a preliminary system analysis was carried out based on the information and data collected
from the systematic literature review. After that, the results were validated and improved by interviewing
experts in the field. The developed system diagrams were validated by at least one of the experts. Interviews
were used as a method of both information validation and information gathering. As an information gathering



method, the interviews were needed to complete some information that was not provided in the existing
scientific publications.

4, Results

This section discussed the results of the research. The focus is on the main actors involved in reefer logistics,
which are identified in section 4.1. Single actor system diagrams are depicted and described in section 4.2,
which include the relations between the means, internal factors, external factors and objectives; the main focus
is on a shipper due to the limitation of space. The system diagrams of the other actors are in Appendix B.
Section 4.3 discusses the interactions among actors. An example of multi-actor system diagrams is shown.
The other multi-actor system diagrams are in Appendix C.

4.1 Segments and Actor Identification
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Figure 4: Reefer logistics process and segments with involved actors

As shown in Figure 4, reefer logistics are divided into several segments according to the locations and
activities. The segments in export part and import part are symmetrical, which is similar to dry container
logistics. A number of actors are involved in different segments of reefer logistics. There are a number of
market players, i.e., shippers, freight forwarders, maritime carriers, terminal operators and hinterland
operators. In general, shippers own the perishable cargo that needs to be delivered from an origin to a
destination (Chopra & Meindl, 2010). Freight forwarders, who are also called third-party logistics service
providers, organize transport services for shippers (van den Berg, 2015). The freight forwarders make
agreements with transport operators and terminal operators in order to fulfil requirements of shippers. In this
way, shippers and freight forwarders expect to have control on the whole process of reefer logistics; therefore,
they are involved in all the segments. Maritime carriers are involved in the ocean part. They own or rent deep
sea vessels and reefer containers to transport perishable cargo over sea. Their reefer containers are sometimes
also used for hinterland transportation. Terminal operators handle reefer containers at a sea terminal or an
inland terminal. In general, the operation includes loading, unloading, stacking, storage, etc. They realize the
transhipment of reefer containers from one mode to another mode (Vis & Koster, 2003). Hinterland transport
operators use trucks, trains and barges to transport reefer containers from a sea terminal to cool warehouses
and vice versa (Horst & Langen, 2008).

In addition to the market players, public parties are also involved in reefer logistics; they are port authority,
customs and government parties. Port authorities are responsible for the port area’s development and
management (van der Lugt et al., 2014). They have landlord function that consists of elements such as the
development of the port estate (Verhoeven, 2010). In addition, port authorities have the regulator function and
the operator function that covers the provision of port services (Verhoeven, 2010). Customs protect people
and facilitate trade, which are closely related to reefer logistics (European Commission, 2014). In addition,



governmental parties involved in reefer logistics are such as ministry of transport, public works and water
management, environmental office, and food and consumer product safety authority (Meijer, 2007).

4.2 Single-actor System Analysis

Before means-ends analysis, fundamental objectives of each actor are identified that are shown in Table 2.
One of the fundamental objectives of market players is to maximize profit. Besides, there is growing interest
in sustainable transport in the recent years (Litman & Burwell, 2006). Sustainable transportation concerns
environment, social and economic factors in decision-making that affects transportation activities (OECD,
1996). Since reefer logistics consumes extra energy for refrigeration units, environmental impact is an
important issue considered by the market actors involved in the reefer logistics system. Thus, another
fundamental objective of commercial actors is to minimize environmental impact. In this research, the
government party is discussed in general, which is not specific to a certain department. The fundamental
objective of government is sustainable development. The main goal of port authority is to increase
competitive position of the port and customs aims to protect import and export products. In the following
content, the system analysis results for each actor are discussed.

Table 2: Fundamental objectives of each actor
Actor Fundamental objectives
Shipper
Freight forwarder
Maritime carrier
Terminal operator
Hinterland transport operator

Maximize profit
Minimize environmental impacts

Government Keep sustainable development
Port authority Increase competitive position of the port
Custom Protect import and export products

i. Shippers

The system diagram of a shipper is shown in Figure 5. In this research, spoilage rate and operational costs are
defined as criteria to evaluate the profit objective. The high product quality is represented by low spoilage rate
in this research. With high product quality, shippers increase their sells that further gain more profit.
Operational costs include facility investment cost, transportation cost, energy usage cost, labour cost and
product preparation cost (i.e., chemical, fungicides and package R&D expense, and etc.). In addition, CO;
emission is used in this research as a criterion to measure the environmental performance.
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Figure 5: System diagram of a shipper



One means to reduce spoilage rate is to apply controlled atmosphere in reefers discussed by Harrison et al.
(1995) and Snowdon (2008). The heat generated by biological activity is reduced by maintaining appropriate
concentrations of CO, and O, within the reefers (Jedermann et al., 2014). The low O; and high CO;
concentration reduces the living products’ sensitivity to ethylene, thereby reducing the microbiological
activity and respiration rate and extending the shelf life (Snowdon, 2008), which finally reduces spoilage rate.
By realizing controlled atmosphere, special devices are required to provide the optimal atmosphere.
Additional handling is needed to pack the products in special packing materials (e.g., ‘Polypack’) (Snowdon,
2008). Therefore, there is a trade-off between the operational costs and product quality. Another similar way
is modified atmosphere. Polyethylene bags of the products are firstly evacuated. Then a modified atmosphere
is created around the products by using thicker polyfilm (Snowdon, 2008). With thicker polyfilm, other gases
outside the cardboard take longer to permeate through boxes, which results in and maintains a low O, and
high CO, atmosphere that slower the respiration process (Snowdon, 2008). Compared with fully controlled
atmosphere, modified atmosphere do not need specific apparatus to supply optimal atmosphere that reduces
investment cost and chemical costs. However, thicker polyfilm costs additionally that also increases
operational costs. Furthermore, the atmosphere around the products is not optimal that might cause a loss on
shelf life. Additional handling is still needed to pack products in specific materials, to evacuate the package
and to tightly seal the package (Snowdon, 2008).

Improving package design is another way to maintain the product quality (Jedermann et al., 2014). Additional
vent holes on the boxes form horizontal and vertical ventilation pathways after palletisation, which can
improve air flow rate (Defraeye et al., 2016). The cooling can be improved by approximately 15% according
to a rough estimation of Jedermann et al., (2014). Air flow rate is a significant factor for shippers in reefer
logistics sector, since it influences the seven-eighths cooling time (SECT). SECT is the time used to reduce
seven-eighths of the temperature difference between the fruit and cooling air (Defraeye et al., 2015a), which is
highly related to energy usage for cooling and product quality. Optimizing stacking pattern in box and
optimizing pallet stowage scheme in reefers can also increase the air flow rate (Defraeye et al., 2015a)
(Jedermann et al., 2014). According to Jedermann et al., (2014), new channels can be created by separating
the products to several patterns in a box in order to increase air flow inside a box. By optimizing the pallet
stowage scheme in reefers, air short-circuits between pallets can be closed, which will further improve the
cooling and reduce energy usage (Defraeye et al., 2015a) (Defraeye et al., 2016). However, a drawback of
using more space for air flow pathways is that the utilization of the cardboards and reefers are reduced.
According to Jedermann et al., (2014), the reduction of capacity utilization is 4%, while the cooling can be
improved by approximately 50%.

Perishable products, especially fruits, can be given a number of treatments before the transportation, for
instance cold disinfestation (Defraeye et al., 2015b). A cold disinfestation treatment cools the fruits in order to
destroy target pest, which is a required process by some import countries (Defraeye et al., 2016). By
destroying target pest, the spoilage rate of the fruits can be reduced, which increases the profit of a shipper.
However, more energy is used for cooling. Furthermore, a chill injury might occur due to the low temperature
during the treatment (Defraeye et al., 2015b). In addition, a cold disinfestation treatment needs additional
handling, which increases handling time and labour costs (Defraeye et al., 2015b). It also reduces the
throughput of pre-cooling facility (Defraeye et al., 2015b). Higher pre-treatment time and lower throughput of
cooling facility increase product door-to-door delivery time, which further reduces product shelf life and
increases the probability of spoilage. Energy usage for cooling is also increased, which influence the
operational costs and environmental performance. Other types of post-harvest treatment can be waxing or
fungicide that control diseases and the ripeness rate of products (Snowdon, 2008). Extra handling is required
that is similar to cold dissertation, which increases labour costs. Furthermore, each product needs to be put
into special chemical which increase the potential of physical damage to products; and the shippers need to
pay for chemical or fungicide.

In general, pre-cooling is a common means for shippers to keep product quality which is to cool the products
before loading them into a reefer (Tutar et al., 2009). The microbiological activity and respiration rate can be
reduced (Tutar et al., 2009). One shortage of pre-cooling is that it requires specific facilities for the cooling
and additional energy is consumed (van der Waal & Zongo, 2010). Another drawback is that more handling
time is required for pre-cooling that increases the product door-to-door delivery time. On the contrary,



Defraeye et al., (2015a) (2015b) (2016) conducted studies that discussed the potential of ambient loading,
which is to load products into reefer without pre-cooling process. The products are cooled directly by reefers
(Defraeye et al., 2015a). Obviously, no facilities and energy are needed for pre-cooling. Furthermore,
handling time of pre-process is also reduced (Defraeye et al., 2015a) that lowers the door-to-door delivery
time and increases product shelf life. However, SECT is increases by applying ambient loading which
increase the energy consumption for cooling during transportation and increases spoilage rate (Defraeye et al.,
2015a). Thus, there are trade-offs between product quality and energy usage.

A potential spoilage can be predicted early by remote reefer condition monitoring (Jedermann et al., 2014).
System identification techniques are used to model dynamic temperature in reefers; the reefers can send a
warning if unexpected temperature situation are detected. Additional investment costs are required to realize
remote condition monitoring. Furthermore, extra sensors can be added to the reefers or packages in order to
retrieve more accurate information of product quality; however, choices of types of sensors are limited to
temperature and humidity sensors (Jedermann et al., 2014). Size, energy supply and cost are needed to be
considered when additional sensors are used (Jedermann et al., 2014). Another issue related to extra sensors is
that handling is required to locate sensors in packages or reefers, which might cause physical damage to the
products (Jedermann et al., 2014). Therefore, it is important to consider the trade-offs between investment
costs, product quality and energy supply when making a decision on realizing wireless sensor network or
adding extra sensors for remote condition monitoring.

Quality driven distribution is allocating goods to customer orders based on product quality. In cases of
changes in the product quality, a new allocation is made to distribute goods with lower shelf-life to nearby
customers (Lutjen et al., 2013). Distribution is more flexible with exchangeable allocation of goods to
customer orders (Dittmer et al., 2012). Lead time of certain customer orders can be reduced that is better for
the product quality. Furthermore, it increases the chance to make an early prediction of the spoilage (Haass et
al., 2015). When a reefer is detected with spoiled product, it is not necessary to complete the distribution,
therefore, total number of reefers to be delivered is reduced (Haass et al., 2015), which decreases the energy
usage for the transportation and further reduces operational costs and CO, emission. Thus, quality driven
distribution is a proper means for both profit and environmental performance from a shipper’s perspective.

Most of the means are related to product quality, while there are also costs-related means. Products can be
harvested and stored locally instead of importing from other countries (Blanke, 2006). Transportation cost is
reduced since shipping distance is less. However, inventory holding costs are increased as more produces are
stored for a longer period. Furthermore, cool warehouses are needed to store the products that increases fixed
facility costs. Although energy consumption of the shipments is reduced, energy consumption for storage is
increased. Thus, regarding both profit and environmental impact, there is a trade-off between the
transportation costs and storage cost. A shipper can also choose to order more frequently with small order
guantity, which is more commonly used by shippers nowadays (Kuo & Chen, 2010). With smaller order
quantity, the reefer batch size is reduced, which reduces storage quantity, door-to-door delivery time and
energy usage for the shipment. However, the ability to bundle product in reefer is reduce (Kuo & Chen, 2010)
that might increase the total number of reefer to carry a certain amount of products. Then the shipping costs
and energy consumption will be higher. Therefore, it is important to determine the optimal order quantity, in
order to balance transportation cost, storage cost and energy cost.

In addition, some external factors also influence the objectives of a shipper, such as natural ripening process
of produces, vibration during the transportation and refrigeration unit disconnection during the transportation
(Lutjen et al., 2013) (Rodrigue & Notteboom, 2015). These external factors are closely related to the product
quality. Furthermore, customs inspection has an impact on door-to-door delivery time that further influences
the energy consumption and product quality.

ii. Freight Forwarders
For freight forwarders, criteria are logistics service quality, operational costs and CO, emission. Since freight

forwarders organize transportation service for shipper; their focus is not only product quality, but also
logistics performance, such as service reliability and flexibility. A profitable and obvious operational means is



to integrate demand of multiple shippers (Blyukozkan et al., 2008), which is applicable for both dry and
reefer container logistics. Economies of scale and scope could be achieved by bundling demand of different
customers (Hesse & Rodrigue, 2004). The probability to choose rail and inland waterway as hinterland
transport modes can be increased. The chance to reserve capacity from large vessels can also be increased due
to large demand volume. Energy consumption for the shipments is reduced by using rail, inland waterway and
large vessels. However, door-to-door delivery time is longer because of two reasons: (1) extra handling in
needed at inland terminal and (2) larger reefer batch size requires longer reefer terminal dwell time. With
increased door-to-door delivery time, more energy is required for product cooling inside the reefers. Thus,
there is a trade-off between energy usage for cooling and for shipments by bundling demand flows. Another
way to achieve economies of scale and scope is to form horizontal logistics alliances (Buyiikézkan et al.,
2008). In addition, freight forwarders provide customized services to improve the service diversification and
service quality in the recent years (Kuo & Chen, 2010) (Murphy & Daley, 2001). For reefer logistics, service
diversification can be achieved by, for instance, offering reefers with different sizes and temperature ranges.
However, customized service reduces the probability to combine demand and decreases the economies of
scale and scope.

Managing real-time logistics information is important for freight forwarders to make accurate planning (Kuo
& Chen, 2010). In reefer logistics, the information is not only about cargo transportation tracking, but also
food quality tracing. With more accurate reefer container information, freight forwarders are possible to
reduce door-to-door delivery time of products. By reducing the delivery time, shelf life can be extended;
energy usage for shipment and cooling are also reduced by less delivery time. Service quality is improved by
less spoilage and more reliable service. Operational costs and pollution are both reduced due to less energy
consumption. Therefore, it is essential for freight forwarders to get access to and to manage the information on
transportation, reefer containers and products.

iii. Maritime Carriers

Similar to freight forwarders, the criteria of maritime carriers are also divided into three categories, but in
more detail, since more means, internal factors and external factors are identified for maritime carriers. In this
research, the detailed criteria are listed as below.

« logistics service relevant, i.e., food waste, schedule reliability and service flexibility;

« cost relevant, i.e., maritime costs, handling costs, and resource investment costs; and

« environment relevant, i.e., CO, emission.

Maritime carriers have a strong market power in reefer logistics. A number of means can be done to meet the
fundamental objectives of high profit and low emission. Two means are related to protecting product quality,
which are conducting container pre-cleaning and executing pre/post-trip inspections (Rodrigue & Notteboom,
2015) (Jung & Kim, 2015). Contamination of products can be reduced by pre-clean the reefers before sending
them to shippers. In addition, pre/post-trip inspections are able to identify a potential defect of reefers and
allow preventive maintenance of reefers (Sgrensen et al., 2013). With preventive maintenance, the cooling
system failure during the shipments can be reduced that keeps a high product quality (Sgrensen et al., 2013).
However, both pre-cooling and pre/post-trip inspections need extra handling that increases the energy
consumption of terminal handling. Thus, additional operational costs are required in order to fulfil high
product quality.

Energy consumption is another essential factor considered by a maritime carrier that is highly related to
operational costs (Cheaitou & Cariou, 2012). A number of means are used by maritime carriers to reduce fuel
usage for cooling. Changing reefer design or refrigeration unit is one way. For instance, adding phase change
materials (PCMs) to the envelope of reefer containers can increase the thermal inertia, which reduces peak
energy consumption (Copertaro et al., 2016). Using energy efficient refrigeration units can increase cooling
efficiency and reduce fuel usage (Haass et al., 2015). However, adding PCMs and using new cooling units
require additional device costs. Another way to reduce energy consumption for cooling is to use substitution
of integrated reefers. PCMs can also be used inside the reefers to keep thermal inertia (Gwanpua et al., 2015).
A third way to reduce energy usage for cooling is to cut power supply, for example, maritime carriers can use
controllers to adjust set points of reefers remotely (Verdijck & Straten, 2002). With remote control, over



circulation and over-ventilation can be avoided that reduces energy consumption (Verdijck & Straten, 2002).
Furthermore, product quality loss is also reduced by avoiding chill injuries (Verdijck & Straten, 2002).
However, temperature variability in reefers will increase by changing the set points frequently, which is
undesired for product quality (Verdijck & Straten, 2002). Moreover, investment needs to be made on the
remote control devices. Finally, using waste heat powered system is also a popular approach to reduce energy
usage for cooling (Cao et al., 2016).

Energy consumption reduction can also be achieved by reducing energy usage for shipments. Vessel size
leverage is a method that invests on replacing small vessels with bigger vessels (Bdmer & Tadeu, 2013). By
increasing the vessel capacity, economies of scale are achieved; and fuel usage per unit is reduced. However,
vessel size leverage have promoted a higher discharge time because of the increase in the volume of reefers
being transported. Another popular method to reduce energy consumption for shipments is to apply slow
steaming strategy (Cheaitou & Cariou, 2012). With slow steaming, Cheaitou and Cariou (2012) analysed that
fuel usage for main energy is reduced, while more energy is consumed for cooling since maritime time is
increased. Therefore, both energy usages for shipments and cooling need to be taken into account in order to
find a balance. Longer shipping time does not only increase fuel usage for cooling, but also reduces product
shelf life which might have an influence on the product quality.

Less number of transhipment is one way to reduce the number of terminal handling and maritime time
(Rodrigue & Notteboom, 2015). Furthermore, the time that reefers are unconnected with power supply is
reduced because of fewer terminal handlings (Rodrigue & Notteboom, 2015). From this point of view,
reducing transhipment can reduce energy consumption and improve product quality. However, economies of
scale and scope are difficult to realize without transhipment. As a consequence, vessel utilization is reduced;
and fuel usage per loading unit is increased, which further increases operational costs. On the other hand,
fewer reefers on the same vessel can reduce the risks of potential spoilage and food loss (Bomer & Tadeu,
2013).

Maritime carriers also try to improve the utilization of their resources to reduce operational costs. One way is
to realize vessel pooling that increases economies of scale and scope (Coyle et al., 2001). Service flexibility is
also increased by pooling the resources together of different maritime carriers. Diesel generator on the vessels
can be used to increase the connection of reefer capacity that also increases service flexibility, while energy
consumption might also be increased (Piala & Andrej, 2016). In addition, reefer container utilization is also a
consideration that can be improved by making leasing decisions. It reduces empty movements of reefer and
increases reefer availability (Chao & Chen, 2015). However, the unit rent might be higher (Lu et al., 2010).
Using triangulation scheme is another way to reduce empty movements. The reduction in the container
repositioning cost is a noteworthy involvement of shipping lines in inland operations (van den Berg & de
Langen, 2015). Triangulation scheme deals strategy, empty container movement can be decreased that offers a
possibility of a reduction in the fuel consumption. Furthermore, triangulation increases the reefer availability
that increases the service quality by providing more flexible service.

In order to gain control of the properties, maritime carriers are willing to keep reefer containers in their own
network (Rodrigue & Notteboom, 2015). However, this requires trans-loading at a terminal to unload the
products from a maritime reefers to a hinterland reefer. Reefer logistics processes are interrupted with
increased handling costs and reduced product quality. One way to increase the controllability of reefer in
hinterland is to make a carrier haulage arrangement with the shippers (Veenstra, 2005). Maritime carriers can
choose hinterland transport operators and build relationships with them. Furthermore, economies of scale can
be achieved by the possibility to bundle reefers of different shippers (Veenstra, 2005).

Information exchange is another important issue considered by a maritime carrier. Realizing container
monitoring system is able to provide more accurate cargo information and reduce number of manual
inspection (Huh et al., 2016). With more accurate information, the reliability of temperature control in reefers
can be improved (Verdijck & Straten, 2002). Then the product quality loss is reduced which reduces food
waste (Litjen et al., 2013). Furthermore, decision making process is more efficient with accurate cargo
information (Haass et al., 2015), which has a positive impact on schedule reliability. Another method to
increase information exchange is by using intelligent containers (Dittmer et al., 2012). With the concept of



intelligent container, wireless sensor nodes are arranged in packages which continuously measure
environmental parameters relevant to product quality. The sensor nodes send the information to a central
computer that calculates the shelf life of the goods and shares the information with the operator (Dittmer et al.,
2012). One advantage of intelligent container is high transparency of food supply chain by collecting more
accurate cargo information, which increases customer trust (Haass et al., 2015). Since intelligent containers
are able to monitor the parameters on real time, over circulation and over-ventilation can be avoided which is
good for the product quality and energy usage. Furthermore, intelligent containers use sensors to collect the
information that reduces the human intervention (Lltjen et al., 2013). It reduces human inspection which
further reduces on-board accidents (Huh et al., 2016). However, the cost of intelligent containers need to be
considered. So far the costs-efficiency of intelligent container has not been studies in the existing literature. It
is necessary to evaluate the costs and potential savings when making a decision to use intelligent containers.

In order to reduce pollution, green technology is used by maritime carriers (Eyring et al., 2010). Green
technology not only concerns about a reduction in the fuel consumption but also less emission from the same
amount of fuel consumption. Taxes on fuel and environmental emission are established to drive the actors in
reefer logistics to improve the environmental performance (Lindstad et al., 2011). Cost to cover emission tax
can also be reduced by applying green technology. It has a positive impact on the reduction of costs and
environmental impact on long term, while investment costs are needed that reduces short-term profit.

iv. Terminal Operators

Criteria of terminal operators are product quality, CO, emission, operational reliability, and operational costs.
Several means are suitable for terminal operators to meet their objectives. A new concept discussed by van
Duin et al., (2016) is to apply intermitted distribution of power among the reefer racks. The peak demand of
power is reduced by coordinating the reefer power connection (van Duin et al., 2016). However, the
temperature variability in reefer is increased, which need to be carefully monitored during the terminal storage
in order to maintain the product quality (van Duin et al., 2016).

In addition, optimization reefer handling and stacking planning is mean has been discussed in existing
literature and the quantitative models have been developed (Geerlings & Duin, 2011). Optimizing the terminal
operation minimizes number of re-handles, differences of workload between resources and crane total
movements (Ambrosino et al., 2015) (Gifford et al., 1988). Number of re-handles is an important indicator of
terminal handling, which is relevant to energy usage, container dwell time and labour cost (since reefers need
to be connected and disconnected by reefer mechanisms) that in the end influences the profit and
environmental impacts.

A service provided by ECT terminal in the port of Rotterdam is an extended gateway service (van der Lugt et
al., 2014). Reefer dwell time at a maritime terminal is reduced since there are direct rail and inland waterway
shuttle services carrying the reefers to an inland terminal. Product quality is improved by shortening the
delivery time. With the extended gateway services, terminal throughput is increased that reduces congestions
in the terminal area. Service reliability is increased with less delay during terminal operation. The probability
to bundle reefer flows are increased that realizes cold chain integration; while it is highly related to the
willingness of information sharing by freight forwarder, maritime carriers and hinterland transport operators.
The drawback of extended gateway service is the facility investment and logistics costs since inland terminals
need to be rented and operated (van der Lugt et al., 2014).

Terminal handling service quality can be improved by increasing handling and storage capacity, which also
increases terminal throughput. With increased throughput, delivery time of the product can be reduced which
is good for the product quality. But extra investment costs need to be considered by the terminal operator.
Furthermore, the resource idle time might increase. Another way to increase terminal throughput is to reduce
free storage time for containers (Rodrigue & Notteboom, 2009); however the service quality will be reduced
and might have a negative influence on the reputation of a terminal operator. In addition, a terminal operator
can provide value-added service to attract more customers, such as cold storage, quality inspection and
packaging for perishable products (Port of Rotterdam). Service quality is improved with more integrative cold
chain service.



In general, maritime terminal is the point where most of the actors are involved that makes a number of
external factors influence the system of the terminal operator. The uncertainty of terminal operation process is
increased with the increasing of the number of arriving reefers and vessel arrival frequency (Hartmann, 2004).
Custom inspection procedure also increases the operation difficulty (Veenstra, 2014). Reefer dwell time at the
terminal is longer that might influence the product quality. With increased uncertainty of demand, operational
reliability is reduced. Furthermore, vessel stowage plan at previous terminals on the route also increases the
operational difficulty (Gifford et al., 1988), since some of the re-handles are unable to be avoided unless
coordination is realized among the terminals on the route. In addition, port authorities make performance
related condition with terminal operators in concession contracts that require the terminal operators to pay
more attention on modal split and emissions (van der Lugt et al., 2014).

v. Hinterland Transport Operators

Similar to terminal operator, criteria of hinterland transport operators are defined as service quality,
operational costs and CO; emission. In the current operation, truck drivers are willing to switch on and off the
cooling compressor to regulate temperature in reefer containers (Rodrigue & Notteboom, 2015). Energy usage
can be saved while product quality might suffer.

Hinterland transport operators can generate economies of scale in terms of size and frequency by realizing
transport capacity pool and a joint cargo pool (van der Horst & de Langen, 2008). Number of idle resources
can be reduced. However, the difficulty of coordination needs to be tackled (van der Horst & de Langen,
2008). In addition, operating intermodal transportation service can achieve economies of scale and provide
more flexible service to customers and stimulate the use of inland waterway and rail that reduces
transportation costs and CO, emission. However, intermodal transport uses longer time if there is no
coordination between different modes and service (Menesatti et al., 2014). Longer transportation time leads to
more energy usage for cooling and might reduce product quality.

Another concept discussed by Crainic et al., (2009) is intelligent freight transport. The core of intelligent
transport system (ITS) consists in obtaining, processing and distributing information for better use of the
transportation system, infrastructure and services (Crainic et al., 2009). Freight ITS can be dedicated to a
specific company; and it aims at simplifying and automating freight and fleet management operations and
allow safety information exchanges (Crainic et al., 2009). With improved information provided by freight ITS
system, it is possible to reduce the uncertainty of loads; and planning will be more accurate based on real-time
information. The decision making process will be more streamlines, rapid and demand-responsive, which
further improve the service level and enhance customer satisfaction (Crainic et al., 2009). Enhancement of
information and decision systems will result in a modal shift to more eco-friendly modes, e.g., rail and inland
waterway (Crainic et al., 2009). Furthermore, reduction of human intervention improves the service quality
(Crainic et al., 2009). However, the cost of freight ITS should also be considered.

vi. Port Authorities

Port authorities are public parties that aim to improve the competitiveness of the port, the regional economic
growth and sustainability (van der Lugt et al., 2014) (Port of Rotterdam, 2011). Port authorities have the
landlord function that plan the space for container growth (Verhoeven, 2010), which will promote the
development of reefer logistics. More maritime facilities, e.g., waiting berth for inland vessels and feeders will
increase the land use productivity of the port that leads to a high competitiveness of the port (Port of
Rotterdam, 2011). However, more facilities will put more financial pressure on the port.

Port authorities also have the regulator functions (Verhoeven, 2010), for example, the port of Rotterdam
introduced modal split clauses in concession contracts with terminal operators to enforce a more sustainable
use of port’s hinterland transportation network (van der Lugt et al., 2014). The externalities can be reduced by
introducing the new concession contracts, which contributes to the goal of sustainability.

Port authorities have operator functions to provide value-added services (Verhoeven, 2010). They can invest
in information exchange platform that increases logistics services by providing more transparent cold chain.



This helps port authorities to attract more clients. Furthermore, port authorities, as neutral parties, can
accommodate between conflicting interests of market players (Verhoeven, 2010). In addition, hinterland
connection will be improved because of the improved information (Port of Rotterdam, 2011). Although
investments need to be made, providing information exchange platform can increase the competitiveness of
the port. Reefer logistics can be more integrative due to information sharing and better utilize relevant
information.

In addition, port authorities sometimes work together with the market parties to develop new hub for reefer
containers or to invest on inland infrastructure (Port of Rotterdam, 2011) (van der Lugt, et al., 2014).
Although there is increased financial pressure on port authority, hinterland connection can be improved; and
reefer distribution can be more efficient.

vii. Customs and Governments

The goal of customs is to protect import and export products. Some actions can be done which are generic for
container transportation. The means of customs are charging tariff, requesting reefer to be scanned or
physically inspected, requesting ship manifest, and using new technology for inspection (European
Commission, 2014). Furthermore, customs union can be formed to improve the efficiency of control
procedure (European Commission, 2014). To avoid customer inspection becoming a bottleneck, customs can
communicate with operators about the release status of the reefers (Veenstra, 2014). In practical, freight
forwarders might be not willing to share the cargo information because they want to protect the confidential
customer information, which makes it more difficult for customs to control the cargo (European Commission,
2014).

For the governments, the goal is defined as to achieve sustainable development. Government parties can also
supervise the information exchange that will increase the operational efficiency of reefer logistics. Subsidy,
tax incentive and soft loans can be provided for renewable energy and eco-friendly modes (Wustenhagen &
Bilharz, 2006). Infrastructure network can also be developed by the government parties to facilitate reefer
logistics.

4.3 Multi-actor System Analysis

After means of all the actors are identified, each means is analysed to find out its impact on other actors. In the
following content, one means of a shipper that have impacts on other actors are depicted with multi-actor
system diagrams and discussed in detail, which is to apply quality driven. Other multi-actor analysis diagrams
are shown in Appendix C.

The impact on other actors is shown in Figure 6, if a shipper applies quality driven distribution. In the above
analysis, it was found that applying quality driven distribution is a method to allocate the reefers with
relatively low quality to nearby customer orders that improve the profit and reduces environmental impacts
from a shipper’s perspective. In order to make re-allocation decision of reefers, shippers need to know the
real-time and accurate product information, which requires maritime carriers to invest in information
collection and sharing equipment, e.g., intelligent containers, which further increases facility costs of maritime
carriers (Huh, et al., 2016). In addition, number of reefers to be delivered in total is reduced because of the
opportunity to make an early prediction of the spoilage. Therefore, profit of maritime carriers, terminal
operators and hinterland transport operators are reduced due to less demand. On the other hand, fuel usage for
cooling, shipments and handlings are also reduced, which further reduces the operational costs and emissions.
Furthermore, there are other impacts on hinterland transport operators. The ability to bundle the volume of
reefers are reduced. With small reefers volumes, hinterland transport operators might prefer to use single-
mode road transport rather than rail and inland waterway transport (Crainic, et al., 2009). Road transportation
in general consumes more energy that further increases operational costs and pollution. Compared with road
transportation, rail and inland waterway have lower energy consumptions for the shipment. However in the
situation of reefer logistics, rail and inland waterway transport takes longer time, which requires more energy
for cooling. Therefore, there is a trade-off between the fuel usage for shipments and for cooling. Hinterland
transport operators need to consider this issue when choosing transport modes. In addition, quality driven



distribution has impact on freight forwarder, since the demand is more uncertain, which makes freight
forwarders difficult to keep high service level. The profit of the freight forwarders might be reduced.

If a shipper orders frequent with small order quantity, there are also impacts on other actors. With reduced
order quantity, the ability to bundle products into reefers might reduce, that increases total number of reefers
to be delivered. With increased demand, the profit of hinterland transport operator, terminal operator and
maritime carriers can be increases, while energy usage for cooling, shipping and handling will increase.
Furthermore, the reefer batch size is smaller that reduces the chance to bundle reefer flow by hinterland
transport operators. Therefore, hinterland operators might prefer to use single-road transport, which is better
for the energy saving on cooling and is worse for the energy saving on shipment compared with rail and
inland waterway. Reduced batch size also decreases economies of scale that reduces the probability for a
freight forwarder to reserve large vessel and to arrange rail and inland waterway service. Maritime carriers
might use smaller vessels since the demand volume is reduced for each time; and vessels needs to ship more
frequently, which consumes more energy for shipments.

Freight forwarders, as an organizer of transportation service, set requirements on reefer logistics operators.
Utilizing real-time information on transportation service and product quality by freight forwarders requires
reefer logistics operators, i.e., maritime carriers, terminal operators and hinterland transport operators to
collect and exchange an increasing amount of information with external partners. New investments are needed
on equipment and information system in order to satisfy the requirements of freight forwarders. In short-term,
these investments will reduce the profit of logistics operators, while planning accuracy can be improved with
increased information quality. The product quality can be better maintained and operational costs can be
reduced. Therefore, profit will be increased in long-term development. In addition, three means of freight
forwarders, i.e., form horizontal logistics alliance, synchronize demand of multiple shippers, and provide
customized service have impact on economies of scale, which will further influence the operation of logistics
operators. With increased economies of scale, the maritime carriers are able to increase vessel utilization that
further reduces fuel usage for shipments; hinterland transport operators have more chance to bundle reefer
flows that promotes rail and inland waterway. On the other hand, large reefer batch sizes will increase
terminal handling time and create congestion in the terminal area, which increases operational costs and
reduces service level of terminal operators.

Decisions made by maritime carriers influence the shippers, terminal operators and hinterland transport
operators in general. By reducing the number of transhipment, number of reefer trans-loading is reduced that
reduces the demand of terminal operator. Energy usage for terminal handling is also reduced; however, profit
is also less. Shippers gain more profit with higher product quality, since door-to-door delivery time is reduced
by fewer terminal handlings. Furthermore, using vessel size leverage makes terminals become more congested,
because an increasing number of reefers need to be handled at once. Door-to-door delivery time is increased
that reduces product shelf life. On the other hand, with large volume of reefers, hinterland transport operators
can synchronize the demand flows to promote the usage of rail and inland waterway. Therefore, using larger
vessels reduce the operational cost of maritime carrier and hinterland transport operator; however, there might
be congestions at the terminal. Longer handling time puts more risk on product quality. Door-to-door delivery
time, which is an important factor of shippers, is closely related to product quality. Door-to-door delivery time
includes maritime time, hinterland transport time and handling time. If maritime carriers use slow steaming
strategy or keep maritime reefers in their own network, the maritime time will increase. Thus, terminal
operators and hinterland transport operators have to speed up to meet customers’ requirements on product
shelf life. Hinterland operators might prefer to use truck in order to achieve high speed, which not only
increases the operational costs, but also produces more pollution to the environment.
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Figure 6: Impact of applying quality driven distribution by a shipper

Terminal operators supply electricity for reefers during terminal storage. A number of means of terminal
operators influence shipper, hinterland operators and maritime carriers. In order to reduce the peak demand of
power, terminal operators can use intermitted distribution of power among the reefer racks (van Duin, et al.,
2016). However, the temperature variability is increased in reefer that might reduce the profit of shippers. By
optimizing reefer handling and stacking planning, reefer terminal handling time is reduced (Rodrigue &
Notteboom, 2009). The remaining due time for hinterland transport can be increased which make hinterland
operators choose rail and inland waterway to reduce costs and CO. emission. With reduced terminal handling
time, the transit time of maritime carriers can also be reduced, which is good for the product quality and saves
energy for the shipments. Therefore, optimizing terminal operation also benefits maritime carriers and
hinterland operations. In addition, the ECT terminal in the port of Rotterdam is applying the extended gate
services that allow direct shipments of containers from the maritime terminal to an inland terminal (van der
Lugt, et al., 2014). Thus, the usage of maritime reefer in the hinterland is increased, which increases the
turnaround time of reefers. Maritime carriers need to carry a larger amount of reefers that cost high rent. But
the trans-loading of products from maritime reefers to hinterland reefers can be avoided, which reduces
handling costs and reduces physical damage to the products. From this perspective, it improves product
guality and increases profit for maritime carriers. Since terminal operators arrange shuttle service of rail and
inland waterway to deliver containers to inland terminals in batches, the chance to bundle containers increases,
which makes a modal shift to rail and inland waterway. For hinterland operator, transportation costs can be
reduced; however, shippers might not prefer the usage of rail and inland waterway due to longer transport
time and more terminal handling. Therefore, it is important to arrange synchronized service with smooth
connection of different transport modes to avoid long waiting. For port authority, the congestion in port area



can be reduced that increases competitiveness of the port. Therefore, the port authorities also try to be
involved in the development of inland terminal and to make investment together with market players
(Rodrigue & Notteboom, 2009).

Hinterland transport operators operate intermodal transport service to deliver reefers from maritime terminal
to cool warehouses and vice versa. Truck drivers sometimes turn off the compressor to reduce fuel
consumption or to follow the regulation of municipalities (Rodrigue & Notteboom, 2015). This reduces
product quality, which makes shippers lose profit. Hinterland transport can realize intelligent freight transport
system, which needs companies to invest on new IT systems; however, it creases planning accuracy that
reduces the loads uncertainty for maritime carriers and terminal operators. Thus, maritime carriers and
terminal operations can increase their service reliability. Furthermore, freight forwarder can provide more
accurate transport information to the shippers that build customer trust. Therefore, realizing intelligent freight
transport systems not only benefit hinterland transport operators, but also maritime carriers, terminal operators
and freight forwarders.

In general, information exchange is beneficial to and required of all logistics operators along reefer logistics
processes. If they can exchange the freight and transport information along the chain, the cold chain can be
more transparent and the operation can be more efficient. The port authority and government parties, as
neutral parties, can support and supervise the realization of information exchange. The port of Rotterdam has
invested in an information exchange platform that shares vessel, terminal handling and hinterland transport
information.

Besides, the usage of rail and inland waterway can be promoted by port authorities to make concession
contracts with terminal operators or by government parties to release regulations and provide subsidies.
However, investment on railway and inland waterway facilities need to be made by terminal operators, e.g.
railway tracks and additional berths for barge, which reduces their profit. Port authorities also work together
with market players to make investment on new hubs and hinterland network for reefers, which reduce the
financial pressure of market players. Then the market players are more willing to improve their facilities. With
improves network, the door-to-door delivery time of reefers is reduced, which benefit for the shippers.

To conclude, there are higher and lower impacts on other actors if one actor uses a specific means. Decisions
should be made by considering the integrated cold chain instead of optimize one’s own goals. The trade-offs
among the actors should be considered during the decision making in order to find a global optimal solution.

5. Discussion and Conclusions

In this research, a system analysis is conducted for reefer logistics that uses information from a systematic
literature review and expert interviews. The system analysis method is suitable to analyse a complex socio-
technical system, such as a reefer logistics network. The approach is applicable for reefer logistic sector to
understand the relations between the technological and institutional factors. It is not only suitable for single
actor analysis, but also provides the relations among multiple actors. A comprehensive understanding of the
reefer logistics system and the relations between different factors is achieved by using a system analysis
approach.

To conclude, market players use means to meet their own objectives, while there are trade-offs on benefits and
risks on their own objectives. In a multi-actor setting, actions taken by one player could probably have both
higher and lower impacts on other actors’ objectives. As clients of reefer logistics operators, shippers and
freight forwarders use several means to set additional requirements to maritime carriers and hinterland
transport operators, such as using quality driven distribution and ordering frequently with small size. When
they use these means to achieve their own goals on product quality, they require the whole cold chain to be
more integrative and efficient to support their needs, which usually increases operational costs of reefer
logistics operators. Among the operators, maritime carriers are strong market players. In the literature, they
have the most focus. Thus the most means are found for them. When they take certain actions, there usually
are interactions with hinterland transport operators and terminal operators. For instance, slow steaming
strategy and vessel size leverage will increase maritime time. Consequently terminal operators and hinterland



operators need to speed up their processes to compensate for the loss of shelf life. Another example is that if
liner shipping companies are not willing to share maritime reefers in hinterland, hinterland transport operators
must trans-load products at terminals. They also need to buy or rent hinterland reefers. Sea ports are the nodes
that involved most of the actors. An efficient planning tool for terminal operation is important to increase the
operational efficiency; and when the terminal handling time is reduced, it provides more flexibility to the
maritime carriers and hinterland operators. About hinterland transport operator, they operate intermodal
freight transport to increase service flexibility and reduce costs. This provides an opportunity for reefer
logistics. However, the transit time of intermodal transport might be longer, which requires more energy for
cooling.

Some means are both applicable for dry and reefer container logistics. Because of the specific characteristics
of reefer logistics, i.e., perishability of the products and more energy consumption by refrigeration units, the
same means have different impact on reefer logistics compared with dry container logistics. An example is
intermodal transport, which reduces costs and emission for dry container logistics. However, when product
perishability is taken into account, transit time becomes a more important factor, which makes intermodal
transport less attractive to shippers. Trade-offs between the product quality, environmental impacts and
operational costs need to be analysed in detail, to see how to design an integrated intermodal transport service
network to make it more attractive to shippers who own the reefer cargo.

Information exchange is a means that benefit all actors in the reefer logistics network. It is difficult to realize,
since it requires terminal operators, maritime carriers and hinterland operators to make investment on
information systems and equipment. However, they all have their own goals on maximizing profit. Although
it reduces profit in short-term, it will support efficient reefer logistics for long-term development.
Governments and port authorities have strong position in the transition of reefer logistics, since they can use
regulations, law, soft loans and subsidies to spur market players to share information. They are neutral parties
that can balance the conflicted interests of market players. Therefore, they can supervise the information
exchange to stimulate the collaboration among actors.

In the future, more focus can be made on reefer transhipment and hinterland transport, since the existing
literature focuses more on maritime transport and reefer packaging. Further quantitative models are needed to
understand the details of the characteristics of reefer logistics. The relations of the factors depicted in the
system diagrams can be further analysed and verified by the quantitative models.

6. Acknowledgements

Authors are grateful to the project: Effective Use of Reefer Containers for conditioned products through the
Port of Rotterdam; a transition oriented approach (EURECA) and the external partners involved in this project
for kindly providing us with required information and to Netherlands Organisation for Scientific Research
(NWO) for its financial support.

References

Accorsi, R., Manzini, R., & Ferrari, E. (2014). A comparison of shipping containers from technical, economic
and environmental perspectives. Transportation Research Part D: Transport and Environment, 26, 52-59.
Alptekin, E., Ezan, M. A., & Kayansayan, N. (2014). Flow and heat transfer characteristics of an empty
refrigerated container. In Progress in Exergy, Energy, and the Environment (pp. 641-652). Springer
International Publishing.

Ambrosino, D., Paolucci, M., & Sciomachen, A. (2015). Computational evaluation of a MIP model for multi-
port stowage planning problems. Soft Computing, 1-11.

Arduino, G., Carrillo Murillo, D., & Parola, F. (2015). Refrigerated container versus bulk: evidence from the
banana cold chain. Maritime Policy & Management, 42(3), 228-245.

Ballieux, M. et al, (2014). Freezer Container  Shipping. [Online]  Available at:
http://www.maritimesymposium-rotterdam.nl/uploads/Route/freezer%20container%20shipping.pdf.

Bazzazi, M., Safaei, N., & Javadian, N. (2009). A genetic algorithm to solve the storage space allocation
problem in a container terminal. Computers & Industrial Engineering, 56(1), 44-52.



Blanke, M. M. (2006, August). Life cycle assessment (LCA) and food miles-an energy balance for fruit
imports versus home-grown apples. In XXVII International Horticultural Congress-IHC2006: International
Symposium on Sustainability through Integrated and Organic 767 (pp. 59-64).

Bollen, A. F., Tanner, D. J., Soon, C. B., East, A. R., Dagar, A., Sharshevsky, H., & Pelech, Y. (2013,
September). Wireless temperature monitoring system in a global kiwifruit supply chain. In VI International
Conference on Managing Quality in Chains 1091 (pp. 205-212).

Bomer, G. C., & Tadeu, R. L. (2014). The South America East Coast Reefer Cargo: A Diagnosis of a
Competitive Market. IBIMA Business Review, 2014, 1-14.

Biiyiikozkan, G., Feyzioglu, O., & Nebol, E. (2008). Selection of the strategic alliance partner in logistics
value chain. International Journal of Production Economics, 113(1), 148-158.

Cao, T., Lee, H., Hwang, Y., Radermacher, R., & Chun, H. H. (2016). Modeling of waste heat powered
energy system for container ships. Energy, 106, 408-421.

Caris, A., Macharis, C., & Janssens, G. K. (2008). Planning problems in intermodal freight transport:
accomplishments and prospects. Transportation Planning and Technology, 31(3), 277-302.

Chao, S. L., & Chen, C. C. (2015). Applying a time—space network to reposition reefer containers among
major Asian ports. Research in Transportation Business & Management, 17, 65-72.

Cheaitou, A., & Cariou, P. (2012). Liner shipping service optimisation with reefer containers capacity: an
application to northern Europe—South America trade. Maritime Policy & Management, 39(6), 589-602.

Chopra, S., & Meindl, P. (2007). Supply chain management. Strategy, planning & operation. Das summa
summarum des management, 265-275.

Copertaro, B., Principi, P., & Fioretti, R. (2016). Thermal performance analysis of PCM in refrigerated
container envelopes in the Italian context—-Numerical modeling and validation. Applied Thermal
Engineering, 102, 873-881.

Coyle, W., Hall, W., & Ballenger, N. (2001). Transportation technology and the rising share of US perishable
food trade. Changing Structure of Global Food Consumption and Trade, 31-40.

Crainic, T. G., Gendreau, M., & Potvin, J. Y. (2009). Intelligent freight-transportation systems: Assessment
and the contribution of operations research. Transportation Research Part C: Emerging Technologies, 17(6),
541-557.

Defraeye, T., Cronjé, P., Verboven, P., Opara, U. L., & Nicolai, B. (2015b). Exploring ambient loading of
citrus fruit into reefer containers for cooling during marine transport using computational fluid
dynamics. Postharvest Biology and Technology, 108, 91-101.

Defraeye, T., Nicolai, B., Kirkman, W., Moore, S., van Niekerk, S., Verboven, P., & Cronjé, P. (2016).
Integral performance evaluation of the fresh-produce cold chain: A case study for ambient loading of citrus
in refrigerated containers. Postharvest Biology and Technology, 112, 1-13.

Defraeye, T., Verboven, P., Opara, U. L., Nicolai, B., & Cronjé, P. (2015a). Feasibility of ambient loading of
citrus fruit into refrigerated containers for cooling during marine transport. Biosystems Engineering, 134,
20-30.

Dickson, R., Cherry, M. & Boland, A., (2013). Carrying Out a Systematic Review as a Master's Thesis. In: A.
Boland, M. Cherry & R. Dickson, eds. Doing a Systematic Review: A Student's Guide. s.I..SAGE
Publications, pp. 1-16.

Dittmer, P., Veigt, M., Scholz-Reiter, B., Heidmann, N., & Paul, S. (2012, May). The intelligent container as a
part of the Internet of Things. In Cyber Technology in Automation, Control, and Intelligent Systems
(CYBER), 2012 IEEE International Conference on (pp. 209-214). IEEE.

Dodd, M. C. (2012, June). Managing airflow inside reefer containers benefits produce quality. In VII
International Postharvest Symposium 1012 (pp. 1159-1166).

Drewry, (2014). Global reefer trades -2014. [Online] Available at:
http://www.joc.com/sites/default/files/u221106/SpeakerPresentations/March3/Dekker_Neil_Cool_Cargoes
_Presentation.pdf.

Drewry, (2015). Reefer Containership Capacity to Increase 20% by 2018. [Online] Available at:
http://www.drewry.co.uk/news.php?id=388.

Enserink, B., Kwakkel, J., Bots, P., Hermans, L., Thissen, W., & Koppenjan, J. (2010). Policy analysis of
multi-actor systems. Eleven International Publ.

European Commission, (2014). The European Union explained: Customs, Brussels: European Commission.
[Online] Available at: http://www.eesc.europa.eu/resources/docs/customs_en-1.pdf.



Eyring, V., Isaksen, I. S., Berntsen, T., Collins, W. J., Corbett, J. J., Endresen, O., ... & Stevenson, D. S.
(2010). Transport impacts on atmosphere and climate: Shipping. Atmospheric Environment, 44(37), 4735-
4771.

Fahmy, K., & Nakano, K. (2012, September). Favorable transportation conditions preventing quality loss
ofJiro'persimmon for exports. In Il Asia Pacific Symposium on Postharvest Research Education and
Extension: APS2012 1011 (pp. 73-80).

Filina-Dawidowicz, L., Iwankowicz, R., & Rosochacki, W. (2015). Risk measures of load loss during service
of refrigerated containers in seaports. Archives of Transport, 34.

Filina, L., & Filin, S. (2008). An analysis of influence of lack of the electricity supply to reefer containers
serviced at sea ports on storing conditions of cargoes contained in them. Polish Maritime Research, 15(4),
96-102.

Fitzgerald, W. B., Howitt, O. J., Smith, I. J., & Hume, A. (2011). Energy use of integral refrigerated
containers in maritime transportation. Energy Policy, 39(4), 1885-1896.

Ghiani, G., Laporte, G., & Musmanno, R. (2004). Introduction to logistics systems planning and control. John
Wiley & Sons.

Geerlings, H., & Van Duin, R. (2011). A new method for assessing CO 2-emissions from container terminals:
a promising approach applied in Rotterdam. Journal of Cleaner Production, 19(6), 657-666.

Gwanpua, S. G., Verboven, P., Leducq, D., Brown, T., Verlinden, B. E., Bekele, E., ... & Hoang, H. M. (2015).
The FRISBEE tool, a software for optimising the trade-off between food quality, energy use, and global
warming impact of cold chains. Journal of Food Engineering, 148, 2-12.

Haass, R., Dittmer, P., Veigt, M., & Litjen, M. (2015). Reducing food losses and carbon emission by using
autonomous control-A simulation study of the intelligent container. International Journal of Production
Economics, 164, 400-408.

Harrison, M., & Herlihy, P. (1995). Controlled atmosphere systems for marine vessels. Marine
technology, 32(2), 147-150.

Hartmann, S. (2004). Generating scenarios for simulation and optimization of container terminal logistics. OR
Spectrum, 26(2), 171-192.

Hartmann, S. (2013). Scheduling reefer mechanics at container terminals. Transportation Research Part E:
Logistics and Transportation Review, 51, 17-27.

Heidmann, N., Janen, S., Lang, W., & Paul, S. (2012). Implementation and verification of a low-power
UHF/LF wireless sensor network as part of the intelligent container. Procedia Engineering, 47, 68-71.

Hesse, M., & Rodrigue, J. P. (2004). The transport geography of logistics and freight distribution. Journal of
transport geography, 12(3), 171-184.

Huh, J. H., Koh, T., & Seo, K. (2016). A Design of Reefer Container Monitoring System Using PLC-Based
Technology. In Proceedings of the 2015 International Conference on Electrical and Information
Technologies for Rail Transportation (pp. 795-802). Springer Berlin Heidelberg.

James, S. J., James, C., & Evans, J. A. (2006). Modelling of food transportation systems-a
review. International Journal of Refrigeration, 29(6), 947-957.

Jedermann, R., Geyer, M., Praeger, U., & Lang, W. (2013). Sea transport of bananas in containers—Parameter
identification for a temperature model. Journal of Food Engineering, 115(3), 330-338.

Jedermann, R., Praeger, U., Geyer, M., & Lang, W. (2014). Remote quality monitoring in the banana
chain. Philosophical Transactions of the Royal Society of London A: Mathematical, Physical and
Engineering Sciences, 372(2017), 20130303.

Jiang, Yan-Qiao, & Shi-Liang, W. (1996). Statistical analysis of reliability of container refrigeration
units. International journal of refrigeration, 19(6), 407-413.

Jiménez-Ariza, H. T., Correa, E. C., Diezma, B., Moya-Gonzélez, A., Arranz, F. J., & Barreiro, P. (2015).
Multi-distributed  wireless sensors for monitoring a long distance transport in a reefer
container. International Journal of Postharvest Technology and Innovation, 5(2), 149-166.

Jolly, P. G, Tso, C. P, Wong, Y. W., & Ng, S. M. (2000). Simulation and measurement on the full-load
performance of a refrigeration system in a shipping container. International Journal of Refrigeration, 23(2),
112-126.

Jung, J. U., & Kim, H. S. (2015, August). Big Data Governance for Smart Logistics: A Value-Added
Perspective. In Conference on Smart Spaces (pp. 95-103). Springer International Publishing.

Kuo, J. C., & Chen, M. C. (2010). Developing an advanced multi-temperature joint distribution system for the
food cold chain. Food control, 21(4), 559-566.



Lawton, A. & Rhodes, C., (2014). Proceedings from 3rd IIR International Conference on Sustainability and
the Cold Chain: Development of a fruit simulator to test controlled atmosphere systems in transport
systems. St Mary's University, TwickenhamLondon; United Kingdom.

Lindstad, H., Asbjarnslett, B. E., & Streamman, A. H. (2011). Reductions in greenhouse gas emissions and
cost by shipping at lower speeds. Energy Policy, 39(6), 3456-3464.

Litman, T., & Burwell, D. (2006). Issues in sustainable transportation. International Journal of Global
Environmental Issues, 6(4), 331-347.

Lu, H. A, Chu, C. W., & Che, P. Y. (2010). Seasonal slot allocation planning for a container liner shipping
service. Journal of Marine Science and Technology, 18(1), 84-92.

Luning, P. A., & Marcelis, W. J. (2009). A food quality management research methodology integrating
technological and managerial theories. Trends in food science & technology, 20(1), 35-44.

Litjen, M., Dittmer, P., & Veigt, M. (2013). Quality driven distribution of intelligent containers in cold chain
logistics networks. Production Engineering, 7(2-3), 291-297.

Maersk Line, (2010). Reefer Containers The present and the future. Cape Town, s.n. paper presented at the
annual meeting of Cool Chain Association workshop 2010, Cape Town, South Africa. Abstract retrieved
from http://coolchain.org/Websites/cca/lmages/CCA%20Workshop%20SA%202010%20Presentations/
MAERSK _HenrikLindhardt_Reefers_the%20present%20and%20future.pdf.

Macharis, C., & Pekin, E. (2009). Assessing policy measures for the stimulation of intermodal transport: a
GIS-based policy analysis. Journal of Transport Geography, 17(6), 500-508.

Martin, G. L., Randhawa, S. U., & McDowell, E. D. (1988). Computerized container-ship load planning: A
methodology and evaluation. Computers & Industrial Engineering, 14(4), 429-440.

Meijer, M. (2007). Supply Chain Security in Container Transport-Recommendations Towards an Improved
Information System Architecture. Master’s degree, Erasmus University Rotterdam.

Menesatti, P., Pallottino, F., De Prisco, N., & Laderchi, D. R. (2014). Intermodal vs. conventional logistic of
refrigerated products: a case study from Southern to Northern Europe. Agricultural Engineering
International: CIGR Journal, 80-87.

Moureh, J., Tapsoba, S., Derens, E., & Flick, D. (2009). Air velocity characteristics within vented pallets
loaded in a refrigerated vehicle with and without air ducts. International journal of refrigeration, 32(2),
220-234.

Murphy, P. R., & Daley, J. M. (2001). Profiling international freight forwarders: an update. International
Journal of Physical Distribution & Logistics Management, 31(3), 152-168.

Murty, K. G., Liu, J., Wan, Y. W., & Linn, R. (2005). A decision support system for operations in a container
terminal. Decision Support Systems, 39(3), 309-332.

Notteboom, T. E., & Winkelmans, W. (2001). Structural changes in logistics: how will port authorities face
the challenge?. Maritime Policy & Management, 28(1), 71-89.

OECD, 1996. Towards Sustainable Trnasportation. Paris, OECD.

Palafox-Albarran, J., Jedermann, R., & Lang, W. (2011). Energy-efficient parameter adaptation and prediction
algorithms for the estimation of temperature development inside a food container. In Informatics in
Control, Automation and Robotics (pp. 77-90). Springer Berlin Heidelberg.

Piala, P., & David, A. (2016). Transport of Tropical Fruits to Central Europe. NASE MORE, Znanstveno-
stru¢ni ¢asopis za more i pomorstvo, 63(2), 62-65.

Port of  Rotterdam, n.d. Port  Community  System. [Online] Available  at:
https://www.portofrotterdam.com/en/connections-logistics/logistics-maritime-services/port-community-
system.

Port of Rotterdam, 2011. Port Vission 2030 Port Compass. [Online] Available at:
https://www.portofrotterdam.com/sites/default/files/upload/Port-Vision/Port-Vision-2030.pdf.

Port of Rotterdam, 2014. Modal split maritime containers. [Online] Available at:
https://www.portofrotterdam.com/sites/default/files/Modal%20split%20maritieme%20containers%202014
-%202011.pdf.

Port of Rotterdam, n.d. Rotterdam as Your Cool Port. [Online] Available at:
https://www.portofrotterdam.com/sites/default/files/downloads/rotterdam_cool_port.pdf.

Punt, H., & Huysamer, M. (2004, November). Temperature variances in a 12 m integral reefer container
carrying plums under a dual temperature shipping regime. In International Conference Postharvest
Unlimited Downunder 2004 687 (pp. 289-296).

Rodrigue, J. P., Comtois, C., & Slack, B. (2013). The geography of transport systems. Routledge.



Rodrigue, J. P., & Notteboom, T. (2009). The terminalization of supply chains: reassessing the role of
terminals in port/hinterland logistical relationships. Maritime Policy & Management, 36(2), 165-183.

Rodrigue, J. P., & Notteboom, T. (2013). The cold chain and its logistics. Rodrigue JP, The Geography of
Transport  Systems. New  York: Routledge. Available online (https://people.  hofstra.
edu/geotrans/eng/ch5en/appl5en/ch5a5en. html), accessed on May, 29, 2016.

Rodrigue, J. P., & Notteboom, T. (2015). Looking inside the box: Evidence from the containerization of
commodities and the cold chain. Maritime Policy & Management, 42(3), 207-227.

Ruiz-Garcia, L., Barreiro, P., Rodriguez-Bermejo, J., & Robla, J. I. (2007). Review. Monitoring the
intermodal, refrigerated transport of fruit using sensor networks. Spanish Journal of Agricultural
Research, 5(2), 142-156.

Selviaridis, K., & Spring, M. (2007). Third party logistics: a literature review and research agenda. The
International Journal of Logistics Management, 18(1), 125-150.

Sepe, R., Armentani, E., & Pozzi, A. (2015). Development and stress behaviour of an innovative refrigerated
container with pcm for fresh and frozen goods. Multidiscipline Modeling in Materials and Structures, 11(2),
202-215.

Setyawan, N., Mulyawanti, ., Setyabudi, D. A., & Rachmat, R. (2012, September). Trials for application of
handling technology in mango export. In Il Asia Pacific Symposium on Postharvest Research Education
and Extension: APS2012 1011 (pp. 405-411).

Smale, N. J., Moureh, J., & Cortella, G. (2006). A review of numerical models of airflow in refrigerated food
applications. International Journal of Refrigeration, 29(6), 911-930.

Snowdon, A. L. (2008, October). Carriage of bananas (Musa spp.) in refrigerated ships and containers:
preshipment and shipboard factors influencing cargo out-turn condition. In IV International Symposium on
Banana: International Conference on Banana and Plantain in Africa: Harnessing International 879 (pp.
375-383).

Sgrensen, K. K., Nielsen, J. D., & Stoustrup, J. (2014). Modular simulation of reefer container
dynamics. Simulation, 90(3), 249-264.

SteadieSeifi, M., Dellaert, N. P., Nuijten, W., Van Woensel, T., & Raoufi, R. (2014). Multimodal freight
transportation planning: A literature review. European journal of operational research, 233(1), 1-15.

Steenken, D., Vo, S., & Stahlbock, R. (2004). Container terminal operation and operations research-a
classification and literature review. OR spectrum, 26(1), 3-49.

Tanner, D. J., & Amos, N. D. (2002, June). Temperature variability during shipment of fresh produce.
In International Conference: Postharvest Unlimited 599 (pp. 193-203).

Top Sector Logistics, (2011. June). Partituur naar de top — Adviesrapport Topteam Logistiek. [Online]
Available  at:  http://lwww.topsectorlogistiek.nl/wp-content/uploads/2014/10/Partituur-naar-de-Top-
Adviesrapport-Topteam-Logistiek-2011_2013-10-01_52.pdf.

Topsector Logistiek, (2012). Top Sector Logistics. [Online] Available at:
http://www.nwo.nl/binaries/content/documents/nwo-en/common/documentation/application/nwo/top-
grants-social-sciences---logistics.

Trinidad, M., B6squez, E., Escalona, H., Diaz de Leon, F., Pérez Flores, L., Kerbel, C., ... & Pérez, L. (1996,
September). Controlled Atmospheres (5% CO2-5% 02 AND 10% CO02-5% 02) Do Not Significantly
Increase The Storage Life Of Refrigerated Kent Mangoes. In V International Mango Symposium 455 (pp.

643-653).
Tso, C. P., Cheng, Y. C., & Lai, A. C. K. (2006). Dynamic behavior of a direct expansion evaporator under
frosting condition. Part 1l. Field investigation on a shipping container. International journal of

refrigeration, 29(4), 624-631.

Tso, C. P.,, Wong, Y. W,, Jolly, P. G., & Ng, S. M. (2001). A comparison of hot-gas by-pass and suction
modulation method for partial load control in refrigerated shipping containers. International Journal of
Refrigeration, 24(6), 544-553.

Tutar, M., Erdogdu, F., & Toka, B. (2009). Computational modeling of airflow patterns and heat transfer
prediction through stacked layers' products in a vented box during cooling. International Journal of
refrigeration, 32(2), 295-306.

van den Berg, R. (2015). Strategies and new business models in intermodal hinterland transport.

Van den Berg, R., & De Langen, P. W. (2015). Towards an ‘inland terminal centred’value
proposition. Maritime Policy & Management, 42(5), 499-515.



Van Der Horst, M. R., & De Langen, P. W. (2008). Coordination in hinterland transport chains: a major
challenge for the seaport community. Maritime Economics & Logistics, 10(1-2), 108-129.

van der Lugt, L. M., Rodrigues, S. B., & Van den Berg, R. (2014). Co-evolution of the strategic reorientation
of port actors: insights from the Port of Rotterdam and the Port of Barcelona. Journal of Transport
Geography, 41, 197-2009.

Van der Waal, J. W. H., & Zongo, A. (2010, July). Developing a Fresh Mango Export Value Chain with
West-African Smallholder Mango Farmers. In Il International Symposium on Improving the Performance
of Supply Chains in the Transitional Economies 895 (pp. 283-291).

van Duin, J. H. R., Geerlings, H., Oey, M. A., & Verbraeck, A. (2017). Keep It Cool: Reducing Energy Peaks
of Reefers at Terminals (No. 17-00483).

Veenstra, A. (2005). Empty container reposition: the port of Rotterdam case. Managing closed-loop supply
chains, 65-76.

Veenstra, A. (2015). Ocean transport and the facilitation of trade. In Handbook of Ocean Container Transport
Logistics (pp. 429-450). Springer International Publishing.

Verdijck, G. J. C., & Van Straten, G. (2002). A modelling and control structure for product quality control in
climate-controlled processing of agro-material. Control Engineering Practice, 10(5), 533-548.

Verhoeven, P. (2010). A review of port authority functions: towards a renaissance?. Maritime Policy &
Management, 37(3), 247-270.

Vis, I. F., & De Koster, R. (2003). Transshipment of containers at a container terminal: An
overview. European journal of operational research, 147(1), 1-16.

Walker, W. E. (2000). Policy analysis: a systematic approach to supporting policymaking in the public
sector. Journal of Multicriteria Decision Analysis, 9(1-3), 11.

Wiese, J., Suhl, L., & Kliewer, N. (2011). Planning container terminal layouts considering equipment types
and storage block design. Handbook of terminal planning, 219-245.

Wastenhagen, R., & Bilharz, M. (2006). Green energy market development in Germany: effective public
policy and emerging customer demand. Energy policy, 34(13), 1681-1696.

Yin, J., Zhang, X., Lu, Q., Xin, C., Liu, C., & Chen, Z. (2012). IOT based provenance platform for vegetables
supplied to Hong Kong. In Recent Advances in Computer Science and Information Engineering (pp. 591-
596). Springer Berlin Heidelberg.



Appendix A: Systematic Literature Review Strategy

Inclusion criteria
1. Scope: all segments and the involved actors in reefer logistics
2. The source of publication: articles from Scopus
3. Time frame: publications since 1960, as the first refrigerated marine containers, based upon converted
truck units, came into use in the 60’s (Maersk Line, 2010)
4. Publication language: English

Exclusion criteria
1. Publications that discussed containers which are not standard containers for multimodal transport
2. Atrticles published in trade journal

Literature searching

~
«Methodology: Keywords combinations literature searching

«Combination of groups of key concepts together with the inclusion and exclusion criteria (type
of journal, time of publication and language) were used for the searching.

343
publications

*Methodology: Tittles, abstract screening A

«Tittles and abstract screening: Title and abstract of each searched publications were analyzed to
245 exclude papers that discuss containers which are not standard containers for multimodal

publications JRIEUNJeg®

J
™
«Methodology: Full paper search
125 «The full paper of included publications from the abstract selection were searched. Papers that
o are not accessible are excluded.
publications y
~

*Methodology: Full paper reviews

«The full paper of included publications from the abstract selection were reviewed using the data

229 extraction methods.
publications )

Data extraction
The information and data in the 82 publications are put in the table below.

Table 3: Data extraction
# | Title | Author | Topic | Actors Objectives Means Internal External Other
factors factors data
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Figure 7: System diagram of a freight forwarder
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Figure 10: System diagram of a hinterland transport operator
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