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Abstract

This study identifies several taxonomies of green shipping capability

and examines their relationships with performance from the perspective of a
liner shipping company. Using factor analysis, three green shipping capability
dimensions were identified: the green ship dimension, green employee dimension,
and green supplier dimension. Cluster analysis was subsequently used to assign
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respondents into three groups, namely, the strategic green shipping practice group,

the undeveloped green shipping practice group, and the capable green shipping

practice group, on the basis of their factor scores for three green shipping capability

dimensions. The results indicate that the strategic green shipping practice firms

had a better firm performance index in relation to image improvement, sales and

customer satisfaction than the undeveloped green shipping practice firms. Thus, the

findings suggest that top managers should constantly seek to enhance and refine

their firms’ three green shipping capability factors in relation to those of their

competitors in order to acquire and maintain long-term superior performance.

Keywords: Green shipping capability, Liner shipping firms, Taxonomy.

(1. INTRODUCTION=" 1)

In accordance with the current

dramatic changes in the world situation,
the international liner shipping industry is
facing social, environmental and economic
challenges. In particular, when governments
and businesses continuously raise the bar
on air emissions, ballast water discharge,
ship design, and ship recycling, international
liner shipping companies must raise the
environmental issues to a corporate strategy
level (Pruzan-Jorgensen and Farrag, 2010;
Kontovas, 2014; Lister, 2015).

For example, in 1973, IMO adopted the
International Convention for the Prevention
of Pollution from Ships, now known
universally as MARPOL, which addresses

pollution from ships by oil; by noxious

liquid substances carried in bulk; by harmful
substances carried by sea in packaged
form; sewage, garbage; and the prevention
of air pollution from ships (IMO, 2012).
International liner shipping companies have
thus begun to take relevant green actions,
such as slow steaming strategies, new ballast
water management methods, the prevention
of air pollution from ships, greenhouse gas
emissions action, sustainable development
training courses, and the choice of suppliers
based on environmental criteria (MOL, 2011;
IMO, 2012; Jorgensen, 2012; Lu et al., 2014).

Executives are becoming increasingly
aware of the importance of successful
integration and the management of essential
green shipping capability (GSC), for
acquiring long-term superior performance

(Lai et al., 2011; Lirn et al., 2014; Lun et al.,



2014).

The resource-based view (RBV)
of the firm (Wernerfelt, 1984) was first
introduced by Penrose in the late 1950s,
largely reintroduced by Wernerfelt in the
1980s, and became a dominant framework
in the 1990s (Hoskisson et al., 1999). The
RBYV mainly emphasizes firms’ internal
strengths and weaknesses, because when
the external environment is dynamic, the
firm’s own resources and capabilities may
be easier to control (Grant, 1991). The RBV
contends that the idiosyncratic resources and
capabilities of firms are the key sources of
sustained competitive advantage (Lynch et
al., 2000). To apply the RBV methods, the
GSC may also be the key sources of sustained
competitive advantage.

To the author’s knowledge, empirical
studies have rarely focused on the GSC of
the liner shipping industry based on the RBV.
For example, Lai et al. (2011) only propose
a conceptual framework for evaluating
green shipping practices. This study fills
this gap in the GSC literature by examining
whether there are different groups of liner
shipping firms in terms of the GSC, and the
relationship of group with firm performance,
within the theoretical framework of the RBV.

Research on taxonomy is one of the

most fundamental steps in the generation of
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scientific research (Autry, 2005). Taxonomy
provides parsimonious descriptions (Sum
et al., 2004) and clusters them into groups
without losing the main characteristics that
exist within the type (Ketchen et al., 1993;
Shang et al., 2010).

Given the academic and practical
importance of developing a GSC in the liner
shipping industry, the objective of this study
is to investigate crucial GSC dimensions,
and to classify liner shipping firms in Taiwan
into various groups depending on their GSC.
On the basis of the GSC or environmental
management literature, dimensions such as
the green ship dimension, green employee
dimension, and green supplier dimension
are assessed in this research. In particular,
differences in firm performance among
groups are examined in this study.

The objectives of our study are:

1. To identify a taxonomy of GSC for Taiwan
liner shipping firms.

2. To examine the differences among
taxonomies of GSC by means of a firm

performance index.

In the following section, the existing
literature is reviewed to build the theoretical
base presented in Section Two. Section
Three describes the questionnaire design and

responses. The collected data are examined
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using factor analysis and cluster analysis. The
results of the statistical analysis are detailed
in Section Four. Section Five concludes the
paper. It provides an overall review of the
study’s findings and identifies the study’s

contributions to the literature.

2. LITERATURE
REVIEW

Shipping — which transports 90 per
cent of global trade — is, statistically, the
least environmentally damaging mode of
transport when its productive value is taken
into consideration (IMO, 2012). However,
navigating and operating a vessel requires
various inputs, including fuel and materials,
resulting in a number of environmental
impacts (Maersk Group, 2015). Thus, the
way in which international liner shipping
companies can enhance their GSC for
acquiring long-term superior performance has
become an important issue. The GSC includes
three factors, namely, the green ship, green
supplier, and green employee as detailed
below.

The green ship factor focuses on
greening shipping capability and includes
the prevention of air pollution (i.e., carbon

dioxide (CO,), sulphur oxides (SOx),
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nitrogen oxides (NOx), and particulate
matters (PM)) from ships, improved ships’
ballast water management methods to tackle
invasive species, the adoption of non-ozone
depleting refrigerated containers to protect
the Earth’s ozone layer, the use of Tributyltin
(TBT) -free anti-fouling paint in order to
increase speed and reduce fuel consumption,
as well as designing new ships based on
energy saving and environmental protection
concepts (Pruzan-Jorgensen and Farrag, 2010;
Maersk Line, 2011; K Line, 2015). Sulaiman
et al. (2013) indicated the concept of green
ship design should include the construction,
operation, and disposal of the ship. Tzannatos
(2010) studied Costs and benefits of reducing
SO2 emissions from shipping and found the
application of seawater scrubbing offers a
substantially lower private cost alternative
than that of using ultra-low (0.1 per cent)
sulphur fuel. Dumitru et al. (2013) used the
RBV technique to study the inter-variables for
boosting green shipment, they found from the
connection between the green environment
arrangement, the pleasant of labors, and
companies’ productivity. (Fernandez Soto
et al., 2010) argued the use of alternative
energy sources on the transport of goods by
sea is becoming reality due to the stricter
environmental regulations and the risen

bunker cost.



The green employee factor focuses on
greening the employees’ capability including
the provision of training programs for
managers and employees, and encouraging
employees to report all violations of
sustainable development based on the
relevant conditions of the incident (Evergreen
Line, 2015).

The green supplier factor focuses on
greening supplier capability including guiding
suppliers to establish their own environmental
programs, pressuring suppliers to take
environmental action, and choosing suppliers
according to the company’s environmental
criteria (IMO, 2012; Maersk Group, 2015;
NYK Line, 2015).

(3. METHODOLOGY" )

3.1 Sample

The sample of liner companies was
selected from the Directory of the National
Association of Shipping Agencies and
Companies in Taiwan. Questionnaires with
accompanying cover letters and stamp-
addressed envelopes were initially mailed to
180 potential respondents in 2010. There are
35 copies of valid response in the first round

of the survey. A follow-up mailing was sent
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two weeks after the initial mailing to the
un-responded surveyees and an additional
45 valid responses were received. The total
number of valid responses was 80. To detect
any potential non-response bias, Lambert and
Harrington (1990) recommend ensuring that
the second wave of respondents’ responses is
most similar to that of the non-respondents.
T-test analysis results revealed no significant
differences (at p < 0.05) as regards all GSC
variables analyzed and non-response bias was
therefore not a problem.

With regard to the profiles of respond-
ents, more than 51% of the respondents
were classified according to title as being
either a manager or above. Thus, the high
percentage of responses from managers or
above endorsed the reliability of the survey
findings. Over half of the respondents were
from liner shipping companies (35%) with
the remainder coming from shipping agencies
(65%). Around 22% of responding firms had
over 500 employees in Taiwan, whereas 53%
of responding firms had below 50 employees
in Taiwan. Over 30% of respondents reported
that their company’s 2009 annual revenue was
over 500 million New Taiwan (NT) dollars,
while 48% and 22% of the respondents’
company’s revenue was below NT$50 million
and between NT$51 million and NT$500

million, respectively. (One U.S. dollar is
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equal to approximately 29.5 New Taiwanese

dollars.)

3.2 Research methods

The measurement items for the
respondents’ evaluation of sustainability
in liner shipping companies were mainly
adapted from published sustainability or
corporate social responsibility reports of
shipping companies (Pruzan-Jorgensen and
Farrag, 2010; K Line, 2011; Maersk Line,
2011; MOL, 2011; Hanjin Shipping, 2013;
NYK Line, 2013) and green supply chain
management research (Lai et al., 2011;
Wauisan et al., 2012; Cheng et al., 2013; Lai et
al., 2013; Lun et al., 2013; Yang et al., 2013).
In order to ensure the accuracy and content
validity of the questionnaire, a comprehensive
review of the literature was undertaken,
i.e., the questions were based on previous
studies, and interviews were conducted with
two academic experts, and four practitioners,
namely, two managers in shipping agencies,
and two managers in liner shipping
companies, in order to obtain their valuable
suggestions for questionnaire improvement.
Some minor revisions were necessary after
the interviews.

For each GSC item, respondents were

asked to indicate the extent to which they

FZH RE104F 9A

agreed that the item described its prospective
content domain. Seven-point Likert-type scale
anchors were used. Respondents were asked
to indicate their level of implementation of
each item, where 1 represented “Strongly
Disagree” and 7 represented “Strongly
Agree” . In addition, firm performance has
also frequently been measured by logistics
researchers (Liu and Lyons, 2011; Ellinger
et al., 2003). Accordingly, in this study,
respondents were asked to rate their firm’s
performance relative to its major competitors
by indicating their level of implementation
with items on a seven-point scale, where 1
represented “Much Worse” and 7 represented

“Much Better” .

3.3 Research steps

Factor analysis was conducted to
summarize and reduce the large number of
GSC into a smaller set of underlying factors
or dimensions. In addition, in order to develop
the empirical taxonomy based on GSC
dimensions, a two-stage cluster procedure
was employed to take advantage of the
strengths of hierarchical and nonhierarchical
clustering approaches (Hair et al., 2010). A
hierarchical algorithm (Ward’s method) was
first used to define the number of clusters and

cluster centroids, which then served as the



starting points for subsequent nonhierarchical
cluster analysis. Discriminant analysis was
also used to confirm the correct assigned rate.
One-way analysis of variance (ANOVA) and
the Scheffe test were then performed between
the groups (clusters) and firm performance
outcomes in order to identify differences

between groups.

(4. RESULTS

P

Perceptions of GSC

4.1

In order to evaluate the GSC, respond-
ents were asked to rate 21 GSC as shown
in Table 1. The results show that the most
agreement attributes (those having a mean
score greater than 5.81) of the GSC from
the perception of the container shipping
carrier are as follows: (1) Pays attention to
all kinds of methods that can reduce ship fuel
consumption; (2) The ship has adhered to the
company’s strict compliance with applicable
laws or regulations of an international or
regional nature, e.g., MARPOL or SOLAS;
and (3) The ship has been an effective
solution to the improper discharge of ballast
water or harmful substances, and its impact

on marine ecology.
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4.2 Exploratory factor analysis
and reliability test results

Factor analysis was used to reduce
the 21 GSC to smaller sets of underlying
factors (dimensions). This helped to detect
the presence of meaningful patterns among
the original variables and to extract the main
GSC factors. Principal components analysis
with VARIMAX rotation was employed to
identify key GSC dimensions (see Table
2). The data were deemed appropriate for
analysis, according to the Kaiser-Meyer—
Olkin measure of sampling adequacy value
of 0.897 (Hair et al., 2010). The Bartlett Test
of Sphericity was significant [1577.509, P <
0.001], indicating that correlations existed
between some of the response categories.
Eigenvalues greater than one were used
to determine the number of factors in
each data set (Field, 2013). The three key
GSC dimensions identified accounted for
approximately 72.4 percent of the total
variance.

To aid interpretation, only variables
with a factor loading greater than 0.50 were
extracted, a conservative criterion based on
Hair et al. (2010). The scores for each of the
three GSC dimensions were calculated for
each respondent and submitted for subsequent

cluster analysis. Three GSC dimensions were
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Table 1 Respondents’agreement with GSC

GSC Mean S.D.

G22 | Pays attention to all kinds of methods that can reduce ship fuel consumption. 6.00" 1.09°

Gl6 Ship has adhered to the company’s strict compliance with applicable laws or 504 117
regulations of an international or regional nature, e.g., MARPOL or SOLAS. ' ’
Ship has been an effective solution to the improper discharge of ballast water or

G17 o . 5.81 1.21
harmful substances, and its impact on marine ecology.

G24 Make sure all the crew clearly know what kind of pollution the vessels may cause, 5.80 1.08
and what prevention actions should be taken and implemented in daily operations. ’ '

G20 | Standard operating procedures to control the ship’s garbage. 5.80 1.10

G18 | Reduce emissions of greenhouse gases or harmful gases (CO,, SOx, NOx). 5.80 1.23
Use new CFC-free refrigerants (e.g., R134A or R404A) for reefer containers in order

G23 , . 5.76 1.24
to preserve the earth’s environment.

G19 | Use tin-free paint on hulls to protect living organisms in the ocean. 5.58 1.18

GO07 | Devise sustainable development of the Code of Practice. 5.49 1.10

GO1 | Release written sustainable development policies. 5.46 1.40

GIS The bglldlng of new ships is geared towards energy saving and environmental 540 1 45
protection concepts.

G34 | Choice of suppliers based on environmental criteria. 5.39 1.19

GO06 | Natural environmental seminars for executives. 5.26 1.27
In purchasing, this company requires suppliers to provide certification of testing for

G33 5.13 1.05
green product conformance.

G12 | Sustainable development training courses can be applied in my work. 5.05 1.20

G09 The company encourages employees to report all violations of the sustainable 503 124
development based on the relevant provisions for the incident. ’ ’

G10 | Natural environment training programs for managers and employees. 5.03 1.09

G31 | Urging/pressuring suppliers to take environmental action. 5.01 1.11

G32 | Guiding suppliers to establish their own environmental programs. 491 1.15
The efforts made in relation to various environmental affairs have been much more

G13 | . . . . 4.85 1.29
intense than those in relation to the regulations.

Gl1 Corppanles are to provide sustainable development training programs that are 476 127
designed well.

* The mean scores are based on a 7-point Likert scale (1= strongly disagree to 7= strongly agree); ®S.D. = standard

deviation.

found to underlie the various sets of GSC in
liner shipping firms in Taiwan. These were
labeled, and are described below:

(1) Factor 1 consisted of night items.

Reduce the emissions of greenhouse

gases or harmful gases (CO,, SOx,
NOx) had the highest factor loading
on this factor. Since all night items
were related to the green ship, this

factor was designated as the green ship
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Table 2 Factor analysis for GSC
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the total variance.

GSC Factor1 | Factor2 | Factor3

G18 | Reduce emissions of greenhouse gases or harmful gases (CO,, SOx, NOx). 0.835 0.206 0.292
Ship has adhered to the company’s strict compliance with applicable laws or

Gl6 regulations of an international or regional nature, e.g., MARPOL or SOLAS. 0.825 0.149 0.280

G22 | Pays attention to all kinds of methods that can reduce ship fuel consumption. 0.802 0.181 0.091

G23 Use new CFC-free refrlgerar,lts (e.g., R134A or R404A) for reefer containers 0.800 0291 0.230
in order to preserve the earth’s environment.

G17 Ship has been an effective §011.1t10n to the improper discharge of ballast water 0.790 0.255 0.420
or harmful substances, and its impact on marine ecology.

G20 | Standard operating procedures to control the ship’s garbage. 0.788 0.210 0.345
Make sure all the crew clearly know what kind of pollution the vessels may

G24 | cause, and what prevention actions should be taken and implemented in daily| 0.768 0.186 0.258
operations.

G19 | Use tin-free paint on hulls to protect living organisms in the ocean. 0.749 0.273 0.218

GI5 The bu}ldmg of new ships is geared towards energy saving and environmental 0.735 0.445 0.078
protection concepts.

Gl Compames are to provide sustainable development training programs that are 0.071 0.900 0.163
designed well.

G10 | Natural environment training programs for managers and employees. 0.131 0.861 0.168

G12 | Sustainable development training courses can be applied in my work. 0.232 0.778 0.239

Gl13 The efforts made in relaFlon to various env1r0nmental affairs have been much 0.423 0.704 0.092
more intense than those in relation to the regulations.

G09 The company encourages employees to .re.pon all V101.at19ns of the sustainable 0.269 0.658 0.342
development based on the relevant provisions for the incident.

GO07 | Devise sustainable development of the Code of Practice. 0.280 0.641 0.296

GO06 | Natural environmental seminars for executives. 0.463 0.544 0.358

GO1 | Release written sustainable development policies. 0.473 0.538 0.092

G32 | Guiding suppliers to establish their own environmental programs. 0.177 0.275 0.899

G33 In Purchasmg, this company requires suppliers to provide certification of] 0355 0237 0.798
testing for green product conformance.

G31 | Urging/pressuring suppliers to take environmental action. 0.420 0.287 0.699

G34 | Choice of suppliers based on environmental criteria. 0.435 0.297 0.500

Eigenvalues 11.68 2.23 1.31

Percentage Variance 33.15 23.72 15.57

Cronbach’s alpha 0.96 0.92 0.88

Mean 5.77 5.12 5.11
dimension. It accounted for 33.15% of (2) Factor 2 consisted of eight items.

Companies are to provide sustainable
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development training programs that
were well designed had the highest
factor loading on this factor. This
factor was called the green employee
dimension and accounted for 23.72%
of the total variance.

(3) Factor 3 comprised four items.
Guiding suppliers to establish their
own environmental programs had the
highest factor loading on this factor.
Since all four items were related
to green suppliers, this factor was
named the green supplier dimension.
It accounted for 15.57% of the total

variance.

Table 2 also shows the respondents’
level of agreement with each GSC dimension
in the current situation. The results revealed
that the green ship dimension elicited the
highest agreement level (factor 1), followed
by the green employee dimension (factor 2),
and green supplier dimension (factor 3).

A reliability test based on Cronbach’s
alpha, was used to assess whether these
dimensions were consistent and reliable. The
Cronbach alpha values for each dimension
are shown in Table 2. The reliability value of
each factor was well above 0.88, suggesting
consistency and reliability (Saunders et al.,

2009).
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4.3 Results of two-stage cluster
and discriminant analyses

The 80 liner shipping firms of
respondents were categorized into three
groups based on their factor scores in GSC
dimensions from factor analysis using
two-stage cluster analysis techniques. A
Hierarchical cluster analysis, by way of
Ward’s partitioning method with Squared
Euclidean Distance, was used to split the
respondents in the sample into most suitable
number of clusters. A K-means clustering
algorithm was subsequently used to re-assign
the firms into the most appropriate clusters.
25 were assigned to Group 1, 27 to Group 2,
and 28 to Group 3. Canonical discriminant
functions (Klecka, 1980) demonstrated the
nature of segment differences, and 92.5% of

original grouped cases correctly classified.

4.4 Interpretation of clusters

ANOVA and a Scheffe test were used
to examine whether the GSC dimensions
differed among the three groups. Table 3
shows ANOVA test results in terms of factor
score coefficients. All three GSC dimensions
(including green ship, green employee,
and green supplier) were found to differ
significantly among the three groups at the

p < 0.05 significance level. The results,



which are given in Table 3, indicate that
the GSC dimensions significantly differed
across the three groups. The Scheffe test
results indicated that the GSC dimensions
significantly differed between Groups 1, 2
and 3. Analysis results revealed that Group
1 (n = 25) had the significantly highest mean
scores for all three dimensions. Group 1
could therefore be said to be a “strategic
green shipping practice” group. Group 2
(n = 27) had the significantly lowest mean
scores for all three dimensions. Thus, this
group could be described as an “undeveloped
green shipping practice” group. Group 3 (n
= 28) had the relatively middle mean scores
between Group 1 and Group 2 for all three
dimensions. Group 3 could be labeled a

“capable green shipping practice” group.
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A one-way ANOVA was used to test
differences in performance among the three
groups on the basis of the Scheffe tests.
The respondents were also asked to provide
information on their firm’s performance in
terms of the degree of image improvements,
profit, sales, market share, and customer
satisfaction (see Table 3). Since the
statistically significant level was less than
0.05, it was concluded that firm performance
indices significantly differed among the three
groups. The results indicated that the strategic
green shipping practice group (group 1) had
better firm performance with respect to image
improvement, sales and customer satisfaction
than the undeveloped green shipping practice
(group 2). The capable green shipping

practice (group 3) had better firm performance

Table 3 One-way ANOVA analysis of GSC differences among the three groups

Dimensions Groups (;r(:lgsl ?‘?11'572 (1;\;'(;“;)83 F Scheffe Test
GSC dimensions
Green ship 6.58 4.77 6.00 44.53%* 1>3>2
Green employee 5.95 4.06 5.40 73.73%* 1>3>2
Green supplier 6.14 4.16 5.11 87.96%** 1>3>2
Firm performance
Image improvements 6.04 4.59 5.43 15.99%* 1>2;3>2
Profit 5.28 4.59 5.18 2.83 -
Sales 5.36 4.63 5.32 3.86%* 1>2
Market share 5.16 4.52 5.14 2.83 -
Customer satisfaction 5.88 5.11 5.61 4.95%* 1>2

a. The description of groups is based on mean scores.
b. *Significance level p < 0.05; **Significance level p < 0.01
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with respect to image improvement than

undeveloped green shipping practice (group 2).

5. CONCLUSIONS AND
DISCUSSIONS

This study has examined the GSC in the
context of Taiwan’s liner shipping industry.
The three GSC dimensions conducted by
factor analysis were labeled the green ship,
green employee, and green supplier. Cluster
analysis subsequently assigned respondents
into three groups, namely, the strategic green
shipping practice group, the undeveloped
green shipping practice group, and the capable
green shipping practice group. Subsequent
ANOVA analysis revealed that the strategic
green shipping practice liner shipping firms
had a better firm performance index in terms
of image improvement, sales and customer
satisfaction than the undeveloped green
shipping practice liner shipping firms. Thus,
the findings suggest that green ship, green
employee, and green supplier factors should
not exist in a vacuum, but should leverage
each other to create a sustained competitive
advantage.

Therefore, managers in the shipping
companies should constantly seek to enhance

and refine their firms’> three GSC factors,
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namely, the green ship, green employee, and
green supplier in relation to those of their
competitors, in order to acquire and maintain
long-term superior performance.

The amount of sales value and the
degree of customer satisfaction of carriers
in the “strategic green shipping practice
group” are significantly greater than the
carriers in the “undeveloped green shipping
practice group” . This could be evidenced
by the Maersk Lines’ practices. Maersk
Lines is one of the leading liner companies
that launch the triple E ships. Thus it can
be perceived as a member in the “strategic
green shipping practice” group which have
the highest market sales value in the liner
shipping industry. Carriers of “the capable
green shipping practice” group are found
not significantly outperform the carriers of

“the undeveloped green shipping practice”
group. It is very important for shipping
companies to have the best green capabilities
to generate the prominent sales values and
excellent customer satisfaction. Shipping
companies with the average green capabilities
in the “capable green shipping practice”
group who spend average amount of budget
to improve their green practices cannot
outperform the carriers in the “undeveloped
green shipping practice” group.

This research only focuses on the



different groups according to the GSC
factors. However, the structural equation
modelling (SEM) technique also can be used
for identifying cause and effect relationships

between GSC factors and performance.
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