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Abstract

This paper presents a holistic picture of the fisctbat affect green port policies through the
use of both quantitative and qualitative approacli@santitatively, fuzzy analytic hierarchy
process (FAHP) method with 25 questionnaires wasl tig identify key factors. Questionnaire
participants included 13 ocean carriers and 12 mowental officials, all of whom were senior
port experts with a minimum of 10 years working es@nce. Qualitatively, in-depth interviews
based on grounded theory with ocean carriers (8)gavernmental officials (4) in three ports
were conducted in Taiwan. The quantitative FAHP lymi& found the key factors to be
environmental policy and regulation, followed byoeomic leverage, human and technical
leverage. The qualitative interviews contextuasisd enhance these FAHP results by illustrating
the complexities and subtleties of these key factor different stakeholders. Theoretical and
practical implications are considered and suggestare made for future policy approaches and
to help develop green port approaches.
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1. Introduction

Ports produce air pollutants, oil pollution, exeéessnoise, health risks, and ecological threats
that affect a nation's sustainable port developmeolicy and are a critical and even
life-threatening concern for port stakeholders.date, much research has been undertaken in the
area of port sustainability, but there is a neadnfore research into sustainability issues (Yap
and Lam, 2013; Dulebenets, 2016; Lu et al., 201&ng¢ 2016; Bouman et al., 2017; Pruyn,
2017) and in investigating how ports respond tonate change (Ng et al., 2013). Yet, few
studies on Asian ports exist (e.g. Lam and Nottefhd2014) despite European ports being much
studied (e.g. the fisheries sector port of VigoSpain (Lopes et al., 2013) and also ports in
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Sweden (Mellin and Rydhed, 2011)). The field is,whaer, beginning to redress this;

Vietnamese and Cambodian ports have recently eefotus of port sustainability studies (Le
et al., 2014) as has Tianjin in China (Ying andu¥iij2011). In addition, studies in Taiwan have
also focused on sustainability issues such ag &@issions and the Green Flag Incentive
Program in Kaohsiung (Liu et al., 2014; Chang amahd, 2016).

This paper complements such research through a ghat combines quantitative and
gualitative methods to investigate green port isslighus adds to past related studies focused on
particular pollution problems (e.g. emissions) reeqn port or potential (or particular) mitigation
strategies to reduce pollution problems. For exampltmospheric emissions problem and
regulation in shipping (Cullinane and Cullinane130Lindstad and Eskelan2016; Sys et al.,
2016), emissions reduction in maritime intermodahtainer chain (Kontovas and Pasraftis,
2011), climate change and the adaptation stratefiperts in Australia (Ng et al., 2013), or the
restructuring of environmental management in Paghistis (Klopott, 2013). The approach taken
in this paper helps identify key overall factorBr@ugh quantitative approaches) and explores
their complexities (through qualitative approached)elp develop green port policies.

The remainder of the paper is structured as folldwst, the literature is reviewed regarding
the major elements, solutions, and complexitieslefeloping a green port. Following this, in
section 3, the methodology and the approach toegath and analyzing data from the ocean
carriers and government officials using the FAHE andepth interviews is outlined. Section 4
presents and analyses the results. These resalthem discussed in section 5, and section 6
concludes the article by drawing together the kieynents and outlines some suggestions for
stakeholders and policy makers in developing greert and considers the theoretical and
practical implications of the study.

2. Literature Review

Shipping throughput is expected to see huge expansier the next 15 years, with many
implications for the environment and sustainabilfifyap and Lam, 2013). Such expansion
potentially contributes to climate change throuhé production of Greenhouse Gases (GHGSs)
(Lashof and Ahuja, 1990). Also, climate change wi#an ports need to deal with sea level rises
and extreme weather conditions, for example extieot@éemperatures (Ng et al., 2013).

Port sustainability is a key issue, and port atiéigihave been shown to have a high Ecological
Footprint (EF) (Rees, 1992; Wackernagel and Re236)Ifor example in the case of the port of
Vigo, Spain (Lopes et al., 2013)). The importan€edlecting data is also much emphasized
(Peris-Mora et al., 2005; Darbra et al., 2009) andelation to this, a range of port indicators
have been suggested, with suggested qualitiesn@gigim ‘representativeness’, to ‘clarity’ and



‘cost-effectiveness’ (Peris-Mora et al., 2005). fEhés a need for studies into the green port
concept, and the extent of its coverage and degfremplementation. For example, although
Taiwan has enacted the ‘Air Pollution Control Acty rules are specified for gaseous pollutants
such as S¢) “which accounts for the large volume of the pthts emitted” (Liu et al., 2014,
p.420). Moreover, much research notes that thetafémess and feasibility of port sustainability
revolves very much around “the various green poiticigs and tools adopted by port/public
authorities” (Lam and Notteboom, 2014, p. 175) #mat different ports, “may adopt different
policies considering the local regulatory, geogreglh economic and political background”
(ibid, p.175). Further, although some studies rb#t in a European context more headway is
being made with port sustainability compared toaA$or example in the cases of Antwerp and
Rotterdam compared to Shanghai and Singapore (L@mNstteboom, 2014)), these issues
remain global. Notably, not all European ports iempént environmental approaches similarly or
with equal effectiveness (Darbra et al., 2009) andther parts of the world conflicting rules
exist, for example regarding how solid waste ipdsed of in a port context (in Brazil (Jaccoud
and Magrini, 2014)).

Shipping can negatively affect the environment digio water pollution and GHG emissions.
Water pollution issues include ballast water, faglresidue and waste disposal (Ng and Song,
2010). Ballast water can carry non-indigenous aqustecies, and there has been a call for
management strategies regarding how such wateramsllédd and disposed of (David and
Gollasch, 2008). Indeed, in a case study of thé pbKaohsiung, Taiwan, many ships were
found to have visited the ports without any recaegarding ballast water, thus representing a
risk of introducing non-indigenous aquatic specgesticularly as many of these ships had sailed
from toxic algae infested areas (Liu and Tsai, 2011

In terms of GHG emissions, the release of,C&80,, NOx, PMyo, PM,5 HC, CO and VOC
can be highly damaging to health and is linked &thma, other respiratory diseases,
cardiovascular disease, lung cancer and prematar&lity (Bailey and Solomon, 2004). Some
research shows that container ships are the seaggesst group of ships emitting such pollutants
(Berechman and Tseng, 2012), although other sHgms @oduce pollutants, such as coastal
passenger shipping (Tzannatos, 2010) or car carrghips (Villalba and Gemechu, 2011).
Notably, the type of diesel that ships use diffeosn that of cars, is of a lower quality, and is
“nicknamed Dirty Fuel” (Cullinane and Cullinane, 13) p. 380). Such fuel produces more
emissions and, significantly, more damaging emissithan on-road diesel engines, even from
recently developed marine engines (Corbett andeFa002). One study of Kaohsiung shows
that SQ emissions from port activities could constitutetapl0.2% of the total SOemissions
for the city (Liu et al., 2014).



Many other port activities besides shipping alseolve numerous pollutative sources;
activities ranging from land traffic to construcgtiand repair of vessels and dredging, as well as
the standard loading and unloading of containeselssindeed, a total of 63 forms “of potential
environmental impact in different port activiti”eris Mora et al., 2005, p.1659) have been said
to exist. There are also other negative impactshenport area, given that urban expansion in
many areas means that those living near the poréase in number (Borriello, 2013) and are
exposed to both emissions and to noise pollutiomfships’ engines and from traffic near the
port (Bailey and Solomon, 2004; Borriello, 2013).

Understandably, a number of solutions to theseesbave been suggested. In a case study of
Kaohsiung port, the combined dual approach of aaritive discount scheme and ‘cold ironing’,
or shore-side power (Liu et al., 2014), has be@uyssted to help reduce S@missions. Such a
dual approach of ‘push and pull’ approaches isnofieggested; what Wang et al. (2007) refer to
as a combination of command and control and mdr&sed mechanisms.

Another possible solution is to improve fuel effioccy to help reduce a port’s EF (Lopes et al.,
2013). Cullinane and Cullinane (2013) describe anlmer of approaches to improving fuel
efficiency, such as greater engine efficiency, wadstat recovery, improved hull design and
performance, more efficient propellers and ruddexdiictions in vessel speed, improved routing
and scheduling, and enhanced fleet managemenhdfujpurney slow steaming has been shown
to greatly help fuel efficiency, as “according tadtsk Line, when voyage speed is reduced by
20%, fuel consumption and GQemissions can be reduced by more than 40% and 20%,
respectively” (Moon and Woo, 2014, p. 445). Chand dhang (2016, p. 6) found that capesize
and post-panamax ships in a 20 nm reduced speedrear Kaohsiung Port can achieve,CO
emissions reduction of 4,719.60 tons and 80.40, tamspectively. Regarding $Cthis can be
reduced by 133,079.12 tons and 2,266.96 tons, ctgely. When combined with other
approaches to improve port sustainability, suclutgms can work synergistically to improve
conditions. For example, research from a case siiygohsiung notes that reducing ship speed
and adopting shore power could reduce emissiongphy 91% (Chang and Wang, 2012). Fuel
efficiency can also be achieved by reducing thewarhof time a ship spends in port. To reduce
port time means less fuel is used and lower amoahtemissions are produced, and that
reducing a ship’s time in port by 30% can reduce@missions by a huge 36.8% (Moon and
Woo, 2014). Also, improving port efficiency and guztivity can reduce any negative
environmental impact on the port environment (Chand Tovar, 2014; Serebrisky et al., 2016).
Based on a data envelopment analysis approachetLak (2014) showed that the Singapore,
Busan, Rotterdam, Kaohsiung, Antwerp, and New Yar the most environmentally efficient
port cities.



Regarding implementation, some research suggestadld for greater guidelines from key
bodies, in particular through dialogue and coopemabetween countries and the International
Maritime Organization (IMO) (Cullinane and Culliran2013, p. 397). However, although
interactions on climate change management have tpleee, they have not yet translated into
international policy and guidelines (Ng et al., 2RINotably, given the immense cost involved
in the implementation of such policies, it is argl@athat such implementation is a community,
rather than an industry, issue (Bateman, 1996), thatl “encouragement to go beyond the
minimum environmental standard requires incentiaed support from the government” (Lam
and Notteboom, 2014, p.186). Such an idea of anbalaf market forces and regulation is also
suggested, for example in Tianjin, China (Ying &mdn, 2011).

A number of researchers comment on the need f@pgaropriate and integrated approach to
coastal management, “which incorporates various@aspncluding cross-sectorial management,
strategic environmental assessment, systematiotsime@esearch and public involvement” (Yap
and Lam, 2013, p. 21). Elsewhere it is suggesteldrate change manager be employed, (Ng et
al., 2013), or multi-disciplinary teams of enviroantal managers, energy managers, operators
and maintenance staff are recommended, alongsileng¢led to provide initially achievable
targets to help encourage motivation and driveptot greenification (Pavlic et al., 2014).

Success in any change arguably requires all stékedsato be involved (Clarkson, 1995; Le et
al., 2014), and for companies to report informatamal progress to all groups for whom they are
responsible (Alkhafaji, 1989). This is, howeverpgaex, and there are very different groups of
stakeholders involved in port activities, with patally different public or private motivations
(Bergqvist and Egels-Zandén 2012). Furthermoreggoments may disagree with stakeholders’
desires to enforce CO2 emission reductions ifaffiscts economic competitiveness (Mellin and
Rydhed, 2011).

Coordination is considered essential for any gneem policy to succeed. This coordination
can be wider regional coordination and the commitirof all ports to reducing pollution. A
lack of countrywide coordination can mean somespdilute more than others (Homsombat et
al., 2013), whereas coordination has been showmfmove water quality, for example in
Taiwan (Ko and Chang, 2010). Regarding the widert moea environment, integrating
environmental accounting with management (Borrje@13) can improve the environment and
livability of the port. Such environmental accoungtiinvolves, “monitoring, measuring and
evaluating the state of the natural environmentested to the impacts of human actions;
assessing the monetary costs related to enviromngrdtection and governance; programming
and reporting the use/consumption of natural res®ir(Borriello, 2013, p. 4302). This has
happened with Valencia, which adopted a “speciéilf-iegulation” (Borriello, 2013, p. 4300)



based on a number of measures such as the C40 Wiantsl Climate Declaration. International

guidelines can also be effective, for example thgely positive reduction in oil spillage in the

North Sea following the IMO-designation of the ND8ea as an International Convention for the
Prevention of Pollution from Ships (MARPOL) specaka in 1999, and adoption of the EU
directive on port reception facilities in 2000 (ke et al., 2012).

Data collection is emphasized by many (see abomesHRIlora et al., 2005; Dabra et al., 2009)
and such data can also help with solutions to enmental issues. For example, traffic pattern
analysis of ships can be very useful to help idersthips at risk of introducing non-indigenous
aquatic species through ballast water (Liu and, TX&#i1).

Thus, the literature highlights the underlying nédedmore research, and the importance of
port sustainability for the future. Yet, there aenumber of tensions inherent in many of the
areas highlighted. For example, in terms of theeney for implementation, there is a tension
between market costs and needs, and the need ¥oommental sustainability. Further, the
related tension to how such areas should be implesde and who by. In other words, who
should introduce and manage such initiatives ideancas is the issue of who should bear the
cost of such initiatives.

3. Methodology

Using both quantitative and qualitative approachies, paper takes three ports in Taiwan as
cases to evaluate key factors that affect the impigation of green port policies
3.1 FAHP analysis

AHP is a multiple criteria decision-making tool &ssign weights to a group of elements
through a systematic hierarchy structure (Satty80)19 However, classical AHP may not
accurately represent the decision makers’ ideasuasessfully as fuzzy AHP. Zadeh (1965)
defined a fuzzy set as a class of objects with r@imoum of grades of membership ranging
between zero and one. Based on Zadeh (1965), flizgyistic variables and corresponding
fuzzy triangular numbers can be used for comparammong the elements included, and help
solve vague and uncertain problems in decision ngakt uses triangular membership functions
to express interval judgments. Therefore, fuzzydogsing fuzzy pairwise comparison matrices,
is introduced to mitigate the uncertainness of AlMEBthod (Chang, 1996; Kabir and Hasin,
2011). Such an analysis process is widely apphedany green transportation issues (e.g. Wang
et al., 2014; Ahmed et al., 2017). In this paper,jrdegration of fuzzy set theory and AHP is
used to identify the key factors and sub-factoet thave a bearing on the key factors of green
port policies. We use a column geometric mean nie(Bockley, 1985) and the extent analysis
method (Chang, 1996) to calculate the weights.igngjular fuzzy number used as the member



function is expressed in Fig. 1. Its membershigham is defined by the triplet (I, m, u) as in Eq.
(1) (Zadeh, 1975).

| AUk
u(x)=(x-1)/((m-1), u(x)=(u-x)/((u-m)

>
1 m u X

Fig. 1 A triangular fuzzy number.

(OB 1<x<m
(1)

U(X)Z{M m<x<u 1)
k(u—m)' - =

0, others
Where m is the most possible value of the fuzzy lmemiJ(x), | and u are the lower and upper

bounds, respectively.

Given that the research in this paper is a multgdee study of ports in Taiwan, and is
integrated with interviews in a multi-method apmioathe Fuzzy AHP (FAHP) is arguably ideal
in generating the key salient issues for compariaod consideration in greater depth in the
interviews. The main processes of FAHP are follovasd constructing the hierarchic model,
designing a questionnaire, constructing the pasewsomparison matrix, calculating the fuzzy
number, building the fuzzy positive reciprocal matrcalculating the fuzzy weights,
defuzzification, and normalisation and synthetialgsis (calculating the global weights of all
sub-factors). In a quantitative approach, a FAHEh \&i nine point rating scale was designed to
measure the respondents’ perceptions of what wéstivedy important. Based on the
guestionnaire responses from experts and througitesative process of analysis, FAHP can
help identify the extent to which such factors efffine implementation of the green port concept.

3.2 Key factors

Based on the literature review in Table 1, a hemamal structure of an FAHP scale with four
factors (including environmental policy and regigdaf technical leverage, economic leverage
and human) and twelve sub-factors was createdsaastied below.



3.2.1 Environment Policy and Regulation

Environment policy and regulation means implemeantinternational conventions (e.qg.
MARPOL) and port environmental policies (includingir pollution, water pollution,
clear/alternative fuels, pollution tax, etc.) areyulation supervision in order to protect port
environment and reduce potential pollutions (Knmdaad Hassler, 2011; Dooms et al., 2013;
Cullinane and Cullinane, 2013; Jaccoud and Mag2oi,4; Lam and Notteboom, 2014; Pavlic et
al., 2014; Zis et al., 2014; Sys et al., 2016; sbad and Eskeland, 2016). Besides compulsory
environment policies, voluntary checking mechanisiave gradually introduced for port
operators in order to reduce work burden for cdfiof port authorities (Soylu and Dumville,
2011;Cullinane and Cullinane, 2013; Lam and Notteboo@142 Pavlic et al., 2014). Based on
the aforementioned studies, three sub-factors veemesidered here, namely, international
legislation, supervision and management, and valyrthecking mechanism.

3.2.2 Technical Leverage

Technical leverage means using innovative tedgies$ in the green terminal equipment and
ship facilities in order to construct well greenrtpenvironment. Also, advanced monitoring
systems have been introduced to identity potemg@lution sources and provide real-time
pollution prevention measures. Based on past sytlgboma et al., 2006; Chou, 2010; Heij et
al., 2011; Chang and Wang, 2012; Cullinane andii@urik, 2013; Klopott, 2013; Ng et al., 2013;
Rohde et al., 2013; Blinge, 2014; Hollen et al120Liu and Lim, 2017), three sub-factors were
considered here, namely, port infrastructure amahiteal, ship structure and maintenance, and
environmental monitoring technique.

3.2.3 Economic Leverage

Economic leverage means using operation costctieduincentives to encourage port users
adopt environmental friendly operation methods amdluce negative impacts on port
environment. It can adopt carrot and stick methodsovide reward and punishment. The carrot
can be a economic aid and punishment can be affingher port operation costs. Based on past
studies (Berggvist and Egels-Zanden, 2012; Blik§d4; Kontovas and Psaraftis, 2011; Mellin
and Rydhed, 2011; Chang and Tovar, 2014; Lam artteblmom, 2014; Moon and Woo, 2014,
Yang et al., 2014; Serebrisky et al., 2016; Chamg) #hang, 2016; Liu and Lim, 2017), three
sub-factors were considered here, namely, portabiper efficiency, penalty port pricing, and
incentive port pricing.



3.2.4 Human

Human factors play a key role in green port proomo Generally, green port operators must
clearly understand potential environment riskspoedpollution resources and also demonstrate
corporate social responsibility with ethical beloavin the port environment (Petrosillo et al.,
2009; Heij and Knapp, 2012). Also, any environmpaolicies must obtain shipping operators’
support in order to reduce barriers of policy inmpéatation (Mellin and Rydhed, 2011). Finally,
based on resource dependence theory, construatimgenial stakeholder relations with port
communities is helpful in green port policy implamegion (Bergqgvist and Egels-Zanden, 2012;
Cruz et al., 2013; Blinge, 2014; Lam and Nottebo@®14; Le et al., 2014). Based on the
aforementioned studies, three sub-factors wereideresl here: ‘environmental risk perception’,
‘shipping operators’ support’ and ‘stakeholder ngaraent’.

Tablel
Key factors influencing implementation of greentgmlicies.
Layer 1: Factors Layer 2: sub- factors Sources

International Legislation (F11) Knudsen and Has&ed1);
Dooms et al. (2013); Cullinane and
Cullinane (2013); Lam and
Notteboom (2014); Pavlic et al.
(2014); Zis et al. (2014); Sys et al.
(2016); Lindstad and Eskeland

(2016)
Environmental Policy Supervision and Management Ko a.lnd Chang (2010); Cullinane and
Framework (F12) Cullinane (2013); Jaccoud and

and Regulation o
Magrini (2014); Lam and

Notteboom (2014); Pavlic et al.

(2014)

Voluntary Checking Mechanisr Soylu and Dumville (2011);

(F13) Cullinane and Cullinane (2013);
Lam and Notteboom (2014); Pavlic
et al. (2014)

Technical Leverage  Port Infrastructure and Termindigboma et al. (2006); Chou (2010);




(F21) Ng et al. (2013); Blinge (2014);
Hollen et al. (2015); Liu and Lim

(2017)
Ship Structure and MaintenanceRohde et al. (2013); Cullinane and
(F22) Cullinane (2013)
Environmental Monitoring Heij et al. (2011); Chang and Wang
Technique (F23) (2012); Klopott (2013); Cullinane

and Cullinane (2013)

Port Operation Efficiency (F31) Kontovas and Psa¢2011);
Moon and Woo (2014) ; Chang and
Tovar (2014); Serebrisky et al.
(2016); Liu and Lim (2017)

Penalty Port Pricing Strategies Mellin and Rydhed (2011);

(F32) Bergqvist and Egels-Zanden (2012);
Lam and Notteboom (2014)

Incentive Port Pricing StrategiesBlinge (2014); Lam and Notteboom

(F33) (2014); Yang et al. (2014); Chang
and Jhang (2016)

Economic Leverage

Environmental Risk Perception Petrosillo et al. (2009); Heij and

(F41) Knapp (2012)
Shipping Operators’ Support ~ Mellin and Rydhed (2011)
(F42)

Human
Stakeholders Management (F43) Berggvist and Egatei&n (2012);

Cruz et al. (2013); Blinge (2014);
Lam and Notteboom (2014); Le et
al. (2014)

To validate the scale, five senior managers (tweaaccarriers and three governmental
officials) were invited to pre-test the scale aedfy the questionnaire’s suitability.

3.3 Interview analysis

Regarding qualitative perspectives, in-depth ineavg with key stakeholders (ocean carriers
and governmental officials) were undertaken dudnige-July 2015. It is on the one hand a
research limitation that our interviewees did mmlude other groups. Nevertheless, we argue the
above two groups play key roles in the implemeatatbf green port policies. Indeed, it is



generally the case that before the green port ipsliormally have been implemented, port
authorities (e.g. governmental officials) mustyulbmmunicate these with port users (e.g. ocean
carriers) in order to reduce the policy implemeantabarriers. Therefore, in this study, we try to
understand the thinking from the governmental @iftc and ocean carriers and then present
effective policies improvement suggestion or solusi to implement green port policies. We also
hope other research in the future can compare theselts with interviews with other
stakeholder groups involved, and that the theomhesefore generalizable to other contexts (cf.
Flyvbjerg, 2006). Le et al. (2014, p.173) idemifieight groups of stakeholders in their study
and further classified these “into internal/extéraad voluntary/involuntary categories.” By
voluntary, Le et al. (2014) mean those with invesita (either human or capital) in the
company, and involuntary to be those at risk frammpany activities. They further noted that,
“their salience is then assessed based on théim@gy, power, urgency, and proximity” (ibid,
p.173). In the case of our study, a total of ninerviewees were interviewed, including five
operators and four governmental officials in thetpaf Kaohsiung, Keelung and Taichuhg.
Each interview lasted on average 20-25 minutes.ifteeviewees were selected based on their
background (e.g. senior manager with a strong atjout in the green port related field) and
involvement in the topic being researched. Theimmesl! for interviewees included: what were the
key factors influencing implementation of greentppolicies? What kinds of strategies were
available to mitigate port pollutions? As a methimderviews have been used elsewhere in the
field successfully to gather data on similar iss(eeg. Dabra et al., 2009; Mellin and Rydhed,
2011; Ng et al., 2013; Le at al., 2014) but itheit use alongside the FAHP here that we argue
strengthens and adds depth to the quantitativepgetises gathered. Interviews were conducted
in the participants’ own language (Cortazzi et 2011) anonymized, and transcribed by the
researcher to aid analysis (Bird, 2005). They ween translated into English using a goal
oriented ‘skopos' approach (Vermeer, 2004) andfigdrifor accuracy by a native English
speaker. The interview data was coded using a rumtisist grounded theory process whereby
themes were allowed to emerge rather than beirdepramined (Charmaz, 2011). This data was
then compared with the quantitative FAHP data t@ gi multi-dimensional picture of the issues
involved in green port and a holistic picture otaommendations for ports. We present and
analyze these results below. As the FAHP sougldentify key elements from a quantitative
basis of frequency and salience, these resultspegsented from shipping operatives and
governmental officials combined. However, giventtkize interviews sought to explore the
complexities and subjective elements of these rdadieeas, these results are presented first from

' Five of the nine interviewees were invited to pgrtite the research pretest.



shipping operatives and then separately from goment officials. Often, as shown below,
although at times an element (for example econdenerage) is shown as salient to both groups
of stakeholders in the FAHP analysis, the intergieslvow that in fact the underlying reasons for
its salience subjectively differed in and withinckagroup, and thus appreciation of its true
importance can be more subtle than initially appeakrguably, the combination of the
guantitative and qualitative approaches used texehas allowed this more complex picture to
emerge.

3.4 Sample description

A total of 30 questionnaires were administered @yl nvith postage-paid return envelopes to
30 respondents (including 15 ocean carriers angol®&rnmental officials) in Taipei, Keelung,
Taichung and Kaohsiung city on 1 June, 201Before sending the questionnaire, we reviewed
each individual’'s working background (e.g. professil training or working experiences, etc.) to
ensure they were suitably qualified questionnaadigpants. Then we contacted these experts
by email or phone call to obtain agreement to pgdte in o ur study. By the cut-off date (15
June, 2015), 27 questionnaires had been receiwededch sample, the consistency index (Cl)
and consistency ratio (CR) were tested to confinen ¢consistency of its pairwise comparison
matrix. The results indicated two questionnaireshwCI1>0.1 and CR>0.1 were highly
inconsistent (Satty, 1980) and were consequentlyadded. Therefore, the overall response rate
was 83.3% (=25/30). The profiles of the 25 validpendents’ characteristicgincluding 13
ocean carriers and 12 governmental officials) viee& used in the FAHP analysis.
4. Results4.1 FAHP result and analysis

Table 2 shows most of the respondents were sereres with at least 10 years working
experience in shipping (port) industries, thus sufpg the reliability of the survey findings.
Table 2
Profiles of the respondents.

Characteristics Range Frequency Percentage (%)
_ President/Director 3 12%
Job title . _
Senior deputy director 4 16%

2 Itis a research limitation that our questionngiagticipants just include ocean carriers and guwental officials
and other stakeholders are not included in ourarebescope. These groups are nevertheless impstekaholders
in implementing green port policy and we also htipse results can be compared with the views afroth
stakeholders in future research.

% Here a valid respondent is one whereby the questioe answers of the respondent must pass theésBenmsy
Index (CI) and the Consistency Ratio (CR). In dudy, 30 questionnaires were administered. Thegetbere were
five invalid questionnaire (including three nondgepespondents and two non-consistency answer nelgmts) and
25 valid respondents.



Division director 8 32%
Supervisor 5 20%
Senior engineer 5 20%
Under 40 2 8%
41~50 5 20%
Age (years)
51~-60 15 60%
Above 60 3 12%
) Bachelor 20 80%
Educational Level
Master 5 20%
10~15 3 12%
o 16~20 10 40%
Seniority
21~25 7 28%
Above 26 5 20%

The local weights of each construct and influencfagtor are shown in Table 3. All
consistency ratio (CR) values are less than 0.d, thos fit the consistency test. The results
indicate that environment policy and regulatior2{@) is the most important factor influencing
the implementation of green port, followed by eaomoleverage (0.273), human (0.267), and
technical leverage (0.185). With regard to attesutsupervision and management framework
(0.350), port infrastructure and terminal (0.41#)rt operation efficiency/incentive port pricing
(0.372), and ocean carriers’ support (0.399) wenegived to be the most important attributes
with respect to each factor in relation to enviremtal policy and regulation, technical leverage,
economic leverage, and human, respectively.

In a subsequent stage of analysis, the global weMkre synthesized from the second level
drawn by multiplying the local weights and the esponding criteria in the level above, and
adding them to each element in a level accordintpéocriteria affected. The results reveal that
the top three important criteria influencing theplementation of green port are shipping
operators’ support (0.1066), port operation effice (0.1018) and incentive port pricing
(0.1016), respectively.

Table3
FAHP analysis results of all participants.
Local Consistency , Local  Global
Factor Attributes Rank

weights ratio (CR) weights weights




International
0.311 0.0854 6

legislation
Environmental Supervision and
Policy and 0.274 0.00184 management 0.350 0.0960 4
Regulation framework
Voluntary checking
. 0.338 0.0928 5
mechanism

Port infrastructure
, 0.414 0.0767 9
and terminal

Ship structure and

Technical ) 0.223 0.0414 12
0.185 0.00442 maintenance

Leverage .
Environmental
monitoring 0.363 0.0673 11
technique
Port operation
- 0.372 0.1018 2
efficiency

Economic Leverage 0.273 0.07000 Penalty port pricing 0.256  0.0700 10
Incentive port

. 0.372 0.1016 3
pricing

Environmental risk
perception
Shipping operators’
Human 0.267 0.00209 0.399 0.1066 1
support
Stakeholders

management

0.296 0.0792 8

0.304 0.0813 7

Notes: * Local weight is derived from judgment wiésspect to a single criterion; ** Global
weight is derived from multiplication by the weigbftthe criteria.

In order to compare to perception comparisons b&twecean carriers and government
officials, we conducted the following weight anasysn Table 4. Regarding factor weights,
results showed that ocean carriers were concerrmnut aeconomic leverage, whereas
government officials were concerned more with emwinental policy and regulations. Such a
result revealed that operation cost or economieritices still play a key role for ocean carriers
when they evaluate a port’s pollution regulatiordiges. For government officials, they pay
more attention to understanding if port users’ftiatine threshold of environmental rules. In term



of attributes, these two groups are concerned thghport operation efficiency and view it as
being first priority. Other attributes, by compams show some differences between ocean
carriers and government officials.

Table4
FAHP analysis results of between ocean carrierggamdrnment officials.

Local ) Local Global
Factor ) Attributes ) ) Rank
weights weights weights

International legislation 0.317(o) 0.0863 (0) 6 (0)
0.329(g) 0.0922(g) 6(9)

Environmental Policy and 0.272 (0) Supervision and management 0.361(0) 0.0984 (0) 4 (0)

Regulation 0.280 (g) framework 0.307 (g)  0.0860 (g) 7(9)

Voluntary checking 0.322(0) 0.0878 (0) 5 (0)

mechanism 0.364 (g) 0.1018 (g) 2(9)

Port infrastructure and 0.394(0) 0.0744 (o) 9 (0)

terminal 0.477 (g) 0.0845 (g) 8 (9)

0.189 (0)  Ship structure and 0.214(0) 0.0405 (0) 12 (o)
Technical Leverage

0.177 (g9) maintenance 0.225(g) 0.0399(g) 12(g)

Environmental monitoring 0.392(0) 0.0741 (0) 10 (o)

technique 0.297(g) 0.0527 (g) 11 (g)

Port operation efficiency 0.368(0) 0.1019 (o) 1 (o)

0.407 (g9) 0.1104 (9) 1(g)

_ 0.277 (0) Penalty port pricing 0.263(0) 0.0727 (0) 11 (o)
Economic Leverage

0.271 (9) 0.223(g) 0.0604 (g) 10 (9g)

Incentive port pricing 0.369(0) 0.1022 (o) 3 (0)

0.370(g) 0.1003(g) 3 ()

Environmental risk 0.287(0) 0.0751 (o) 8 (0)

perception 0.340 (g) 0.0924 (g) 5(9)

0.262 (0) Shipping operators’ support  0.408(0) 0.1068 (0) 2 (0)

Fuman 0.272 (g) 0.356 (g) 0.0967 (g) 4 (9)

Stakeholders management 0.305(0) 0.0798 (0) 7 (0)
0.305(g) 0.0828(g) 9(9)

Note: (0) means ocean carriers; (g) means goveraéitials



4.2 Interview results and analysis
4.2.1. Ocean carrier

For ocean carrier, a key area of pollution conedrwater, with the issue that a general
shipyard“will not use water recycling or rainwater collecin systems so it will produce waste
water, especially in old water pipelinegtf. Ng and Song, 2010). Further, other sources of
pollution existed, such as noise pollution, wastels dust, waste water, and garbage, but‘that
is difficult to regulate these random pollution sces”.

With regard to promoting port sustainability, oceanriers made many comments. In terms of
making ships greener, one operative mentioned tteedy Efficiency Design Index (EEDI) and
the huge range of elements this addressed ranging énvironmental coolants to shore power
systems. Another carrier suggested such indicdsl d®uused for fee discounts and in the second
hand ship market (e.g. in the case of the EnvirartateShip Index). Limiting ship age was
suggested, as was the management of rules“viten terminals are rented to private
companies”, ando “reduce the frequency of sailing and waiting timedasubsequently reduce
the working hours of enginesli both cases, it was implied that authority imé&tion would be
needed. Another solution involved replacing theeptally highly polluting rubber tire gantry
unloading cranes with electric rail-mounted gantrgnes. Another ocean carrier suggested
adding bio-diesel to super diesel, but that redlgrhis was not done in all ports, and would also
require strategic governmental intervention. Otbamiers also felt that green policiskould
have consistent check standards for any countiségds. In other words, that no individual
differences exist between Taiwanese Flag of Coameai (FOC) and other countries’ Flag of
Convenience (FOC).Thus, both regional (cf. Homsombat et al., 2018) eoordinated (cf. Ko
and Change, 2010) action was required.

Carriers also commented on the complexities ofasnability. The practical difficulties of
introducing shore power were highlighted, such“@sch country’s voltage and socket are
different” (cf. Tseng and Pilcher, 2015), that tlestablishment costs of shore power are quite
high”, and thatit relies on a ship owner’s inclination’as to whether it is used or not. Indeed,
in Taiwan different voltages, sockets, contractumaés and also the issue of subsidies for ship
refitting (where necessary) were highlighted as¢pe@bstacles to introducing shore power that
would need to be addressed. Importanttiiese problems must be discussed among Taiwan
international Ports Corporation, Environmental Pegtion Administration and Economic Affairs
Administration”. Indeed, one operative stated that they had thabd#y to introduce shore
power in Taiwan, but th&turrently, the related laws and rules are not alea

Fuel types and emissions were also commented oFaiWman, traditionally ships usétleavy
oil since it is cheaper’(cf. Cullinane and Cullinane, 2013). Further, amccontrast to the US



(e.g. Seattle and Los Angeles) where ship speeacttied (cf. Moon and Woo, 2014) is adopted,
“in Taiwan, ship speed reduction is not formallyndoicted since there are some technical and
management problems that need to be resolvedclirrently in a testing stage’Vessel speed
reduction was often noted to be key, one operaayeng“the most urgent factor is to conduct
vessel speed reduction within 20 miles as shipsoagh the port”and another that the most
urgent need to reduce pollution was currertlgducing the sulfur content of fuel’The
exemplary approach of the US was often commentedfmnexample Long Beach port as
“providing a good experience for our portsgjiven that such policies significantly reduieer
pollution and the probability of breathlessness ¢bildren and adults near the port aregtf.
Bailey and Solomon, 2014).

One unexpected element commented on by carrierstiveasmportance of marketing port
approaches to green port policies. One carrier sspok how they had usethetworks to
disseminate policies and informatioihd how they sometimégvite government officials or
ocean carriers from other international ports tosivi our ports”. Further, that“holding
international conferencesivas also a policy to market what companies weragjas was the
establishment dfsister” or ‘twin’ ports in other countries.

The financial implications of any solutions wereahighlighted, asn order to reduce these
pollutants requires the involvement of technicatl aolicy problems and the need to spend a
large amount of money”Critically, “when conducting green port policies, most shipping
companies will consider their benefits and revenddsat is the barrier’. Financial elements
were also noted in relation to how the EU was ia filiture going to have ‘dunker tax for
international shipping in the future”which was important asLabor Unions will become
involved and it will increase the cost burden fagean carriers” Cost was considered key to any
implementations, for example the need to haverapleyees involved (cf. Le et al., 2014), and
the cost of specific training, as famission treatment facilities as [an] example, cgteon and
maintenance are significantly challenging¥otably, in times of an economic boofshipping
companies will request their ships to speed ugrggilbut that this'will add fuel consumption
and emissions”and thusoperation and environmental protection can notdmate very well”.

The importance of gathering and recording data alas emphasized, and thé& port
environment database should be established to propdrt pollution including noise pollution,
air pollution, water quality, ecology, sludge, aad on” (cf Peris-Mora et al., 2005; Borriello,
2013). Yet, the complexities of doing this wereoatbmmented on, as maristrategies are
tested in the laboratory’and that‘the real effects are difficult to confirm and visridue to
complicated sea situation, ocean current, and sd. omhus, here again the need for
governmental leadership and direction was highéight



Such a need for governmental and internationalelestp was often directly stated. For
example, that théIMO should formulate or establish internationalastdards for different
countries to follow, such as shore power facilige®l with standards for the ESI (Environmental
Ship Index)” Further, that there should be schedules and mmguéation targets, and that
subsidies must be formulated when green policiesreroduced, such deent or fee discounts”
for ocean carriers replacing old facilities and poments with new ones, as if these are not
provided there will be &acklash”. One carrier spoke very frankly thaurrently, the rules of
green port policies are not well formed in Taiwarand that].. if the incentives of reward can
not balance shipping companies’ cost, it will redwhipping companies inclination to call at the
port or they may not cooperate at allThis carrier suggested a reward-based implementati
green policies. Another carrier hoped tHegal incentives should be provided for shipping
companies...[to]...attract more operators to developegr supply chain’and that“l hope
Taiwan International Ports Corporation does not setking money as the priority purpose.”

Nevertheless, one carrier felt that with IMO regolas, althougtitrade barriers would exist
at an early stage, in the long term, green porige$s would have positive impacts on the global
marine environment”.Indeed, carriers also said they followed IMO meesu“our oll
regulation and treatment for ship facilities follswnternational conventions (e.g. IMQ)A
general feeling was the desire for help from thet poithorities in meeting regulations, for
example,‘if the port could provide a retrieval service owdrd and help with treatment that this
would reduce the possibilities of the discardingaafste in to the sea’Similarly, that“if the
port could provide waste treatment services, thisildl be a benefit for conducting green port
policies”.

4.2.2. Government officials

Perhaps understandably, Government Officials’ kieoge pertained to wider elements than
those of the shipping operatives: the national podge, the natural environment (e.g. how
pollutants would carry upstream), port residenatiehships, and port policies. Also, wider
hinterland aspects such as airborne pollution feamd and'dust and asbestos fibers from the
mineral yard” were mentioned. Further, the importance of ‘tlead transfer system”and the
“port hinterland” and“supplementary measuresiwere highlighted as being necessary to help
support a green port environment. It was felt thatently“the hinterland of Taiwan’s ports is
not quite sufficient.”

Government officials often commented on Taiwan'giatives regarding green ports, for
example“port authorities have spent lots of time and moneybuild eco-port programs and
established a green and technologically advancedaioer terminal”. Indeed, Kaohsiung port



did receive the certificate of Eco-port in Europe 2014 The Taiwan International Ports
Corporation was said to focus on the four areapasfsenger transport, cargo transport, port
environment, and community development, and wad saihave“spent lots of money on
infrastructure and software resources, green ecaosmplanning and stakeholder relationship”.
Further, much cooperation between national andl lgcaernmental bodies and units was
highlighted with units thatregularly patrol and check the port areas and cowt pollution
record checks; illegal activities will be penalizadd fined”. Other green initiatives werow
carbon/green building materials and planted manges” and“energy-saving lamps in the
port streets and also used solar powered energyes\ss. Nevertheless, opportunity for
improvement was noted, &here is no single unit service center to devetpen port policies

in Taiwan. Therefore, doubt about the legitimacypoft operations has existed. For example,
ballast water treatment, water pollution regulatitaw, waste treatment, toxin management law
and environmental impact assessment law”.

In financial terms, interestingly, officials felte&en regulations would actually encourage ship
calls at the port, tdenhance environmental protection visions for pddvelopment and also
help attract the ocean carriers.... increase the rwwf cargo transshipment and port operation
performance”. Indeed, in the words of another officidbnce it brings significant effects for
group cooperation and cargo as well, it would fenthattract the shipper’s interests to call at
these green ports”Put succinctly“if profit exists, then the shipping companies valttively
pursue it”. Such views contrasted with those of the oceanecarr

Regarding international laws, government officialso commented on the fact that shipping
companies had to follow international laws, suctirmse from MARPOL, regarding how they
disposed of and treated waste oil, waste waterappdoached air pollution. Also similarly, the
complexity of this was notedin general, garbage and living waste water andlbat water are
not easily found compared to other pollutant©fficials also felt the US and Europe were
advanced in green ports compared to Taiwan. Inrdal@nprove Taiwan’s current green port
policies, other countries’ implementation expergsavere mentioned as being those worth
learning from. For example, one official commentidt “there are some benchmarking green
ports, such as Long Beach Port, Los Angeles Pangapore Port and Rotterdam Port. The
main strategies of these ports are reducing airlyimn; the second is water pollution
improvement”. Therefore, in addition to understanding variousegr port policies, how to
effectively utilize the port resources and fundansther important issue.

* Port of Kaohsiung, Taiwan International Ports @wapion. http://kh.twport.com.tw/en/



Regarding the role of finance in promoting greemtgposome saw finance as an incentive,
others as a punitive. For example, in ‘@rder command system”... [whereby]... illegal
activities will be punished or fineddr as d“levy system”...[to]...levy pollution tax’or even as
a “guarantee money system”...[that]...asks ocean carriergpay the money in advance, then
after polluters provide evidence regarding pollutaneatment...they could take the money
back”. As a reward, one official suggestéde could copy the mechanism of Singapore to
provide financial reward”, and that “the government should adopt rewards to replace
punishments, and adopt group power to create sggmt effect”. In terms of subsidies, one
official felt there“must be enough funding to support the various grpert policies, and if the
funding is provided by central government, that Mdaring significant benefit when conducting
green port policies” At present though, this was considered insufficigurrently, the effect of
green port policies is not significant since lowfgufuel increases the high operation costs....
[and that]... compared to these costs, subsidies fitmenport are not enough to pay the extra
expenses due to the regulation of green port siciOccasionally, the specific department that
could provide subsidies was alluded tport water and electricity are provided by Taiwan
Water Corporation and Taiwan Power Corporation; yhehould provide rate discount and
facilities planning programs”.

Regarding the green potential of shore power,Wwas often commented on in the context of
the financial ideas of reward or punishment. Soatieship owners could be taxed if they did not
install the equipment, others felt they could bestlized to do so. Government officials also
commented on the challenges involved with introdgshore power, notingthere is no clear
standard and planning direction for voltage, electcurrent or electric frequency”Another
commented on the fact that if Taiwan did not hdeeibfrastructure to support shore power, only
a few ships that could use it would use these p8itsilarly, the challenges of introducing LNG
were also noted. Although LNG was felt to be a redtfuture source of energy, its uptdkall
depend on LNG supply methods of ports and relabéidips”.

Management was, understandably, considered keyoffingl saying“port authorities should
regularly conduct emergency response and disaséeragement plans to reduce pollution due to
ship collision and accidents in the port aredt.was also highlighted that the success of such
measures would depend on coordination and cooperitrough local and national bodies (cf.
Cullinane and Cullinane, 2013). Not all officialsene optimistic this could be achieved. For
example, one official said that when attemptingirtgplement green port strategies, central
government wil'sometime...have barriers from local governmeritt example in resistance to
the construction of wind turbines or in asking #rhigh percentage of port land returned.
Barriers were also arguably raised by the needrfany different bodies to discuss any green



policy before its implementation. For example, ghgower was currently being discussed by the
“Ministry of Transportation and Communication, Eramental Protection Administration (to
discuss policies and economic incentives), MinisfriEconomic Affairs (to discuss discount for
electricity rate) and port operators”Government officials also felt some policies may b
counterproductive if not managed correctly. Fomegke, one official commented on the fact that
shipping companies were unhappy at how waste asl egsourced by the port authorities to
licensed environmental operators, some of whichrggdi‘high fees”. This official felt “port
authorities should further understand their faedg and their treatment process and regularly
record it".

Other green port elements Government Officials chotelated to marketing and data
collection. Regarding Marketing, one official commted that these strategies includedtwork
dissemination, inviting foreign port authoritiescashipping companies to visit Taiwan’s ports,
assigning employees to take education traininghe &dvanced ports, making sister ports,
holding international conferences..Ih terms of compiling data, this was felt very ion@ant,
but that ocean carriers must supply this ddgasically, ships must submit the necessary data to
port authorities 24 hours before calling at the poport authorities will conduct a risk
assessment and then decide whether the ship chatdak port.” Such data would be checked
against a number of criteria ranging from thoseha International Oil Pollution Prevention
Certificate to the International Energy EfficienCgrtificate. Other officials commented on the
challenges involved with collecting data, for exdengat“it is difficult to check carriers’ green
performance”.

5. Discussion

The above academic literature, FAHP analysis, amdepth interviews, all show the
importance accorded to the green port concepth&uriore, considered together, they show that
achieving a green port is a highly complex issw thquires careful coordination and in which
economic leverage, the human factor, and policy r@gdilations play a key role. Yet, as our
results and analysis show, the situation is farevsubtle and multi-layered than simply stating
that these three elements are vital and should otlewled. We do not claim that such
complexities have not been highlighted in the ditere before, but what we do argue our results
show, is the different underlying tensions thasgxand that by showing these tensions, we argue
that the results provide a useful discussion fdouselp resolve these tensions with the overall
aim of improving the success of green port invasi.

Firstly, in terms of environmental policy and regfidn (it is noted that economic leverage
plays a similar important role since their localigi#s are very close which are 0.274 and 0.273,
respectively), much of the literature underlines tmportance of profit for the ocean carriers



being of fundamental importance (e.g. Cullinane &ulinane, 2013). Further, our FAHP
analysis shows this to be the most important elénmeachieving green port as well. However,
our in-depth interviews show differing perspectiwsthe role of such profit. For many ocean
carriers, any adverse effect on profit was considéo be so important that they often talked of
needing government subsidies. Government offictadsyever, whilst often talking of the need
for such subsidies, also championed the notiorhefthreat to profit that could be imposed on
those ships and shipping companies that did not emaronmental requirements. There were
thus contrasting views of the role of money in @tiainment of green port from ocean carriers
and government officials. Clearly, such issues wonked to be carefully discussed before
implementation of any policies. In addition, suelsults could be utilized in future research with
other stakeholder groups such as the public or aityncilors for comparison (cf. Flyvbjerg,
2006).

With regard to the role of international guidelireesd regulations to develop green port, much
of the literature calls for greater interventiomrfr international organizations. Similarly, our
FAHP analysis underlines the importance of the rMeegolicy and regulation. Nevertheless, in
our interviews, many of the ocean carriers we spokbere said they were already following
these measures, such as IMO stipulations for #etrtrent of oil. Yet, when the issue of who
should be responsible for helping implement thesdaiines, there were once again differing
views. Ocean carriers felt that the government khtake responsibility, whereas often the
government felt that it was ocean carriers who khtake responsibility. Further whilst ocean
carriers commented on, for example, the urgent f@ethe government to ensure uniformity in
voltage supplies for shore power, government affecclaimed this was being done. There was
thus at times a difference between the understgnafinvhat was in reality happening between
the different stakeholder groups..

In addition, the academic literature notes the nidcoordination and uniformity (e.qg.
Homsombat et al., 2013), to promote green port,sendoes our FAHP analysis. However, our
interviews showed that ocean carrier experience thaisdifferent ports in Taiwan approached
adding bio-diesel to super diesel differently, @andesire was expressed for ports to take more
control over certain processes such as water tezdtriven government officials commented on
how it would be more effective for ports to takersmocontrol over treatment procedures that had
been outsourced to private companies. There wececamments highlighting the large number
of departments involved in needing to coordinatéage policies, and of resistance from certain
local government bodies to port sustainability iatives such as the construction of wind
turbines in the port area. Thus, from the literaturom the FAHP analysis, and from the
interviews there was an urgent sense of a needoimeone to take control, and of the need for



umbrella organizations to help coordinate portauasbility. This is despite the fact that such an
umbrella organization in Taiwan, in the form of thEOTC (see below) purportedly exists to
undertake such control. What is more, there wasus@m as to actually who should take control
and how this should be done: who should take respiity therefore remains a key question,
even though there is ostensibly already an orgaaizéhat does this in Taiwan. The literature
and the FAHP analysis both showed the importandtisf but the interviews showed precisely
how complex this was to introduce and enforce.ve@Githat many interviewees spoke of the
advanced state of US ports, perhaps such portd teuwisited to note how they have introduced
sustainable procedures and policies and to emula&t they have done. Through consultation
and through developing strategic networks througtess ports may enable ports in Taiwan to
learn from the advice and experience of such @ortsimplement sustainability more effectively
themselves.
We would argue that the initiative for such a psscdias to be implemented at a central
government level by an umbrella organization. Trgument is supported through the literature
but also through our FAHP analysis and our intevgieOur FAHP analysis highlighted the
importance of these human and policy implementagtaments, and our interview data also
showed that participants advocated this. Based heset we argue that the Ministry of
Transportation and Communication in Taiwawordinate initiatives to implement and
disseminate information about existing and onggregen port policies in Taiwan.
6. Conclusion and policy implications

To investigate the key factors influencing the iempéntation of green port policies, in this
paper we undertook a mixed methods research stoaly drew on both quantitative and
gualitative approaches and methods. Quantitativet/,used an FAHP analysis with 25 ocean
carriers and government officials. This FAHP asmydentified the most important factor was
considered to be environmental policy and regutatiollowed by economic leverage, human
factors and then technical leverage. Regardingnbight analysis between ocean carriers and
government officials, Table 4 showed that econoleierage and environmental policy and
regulation are most important factors for oceamea and government officials, respectively.
Qualitatively, we explored port sustainability anduthese issues and this confirmed these factors
are key, but that a number of complexities andestilyities exist which need to be considered to
successfully implement green port. For exampldjoaljh economic leverage is indeed key,
government officials’ and ocean carriers perspestioften differed regarding how to achieve

® Ministry of Transportation and Communication (MOJT Gttp://www.motc.gov.tw/en/

In Taiwan, MOTC is the principle control and supsion unit regarding port policy management and deal
with potential conflicts when conducting green pusticies between governmental units (e.g. MaritPoet Bureau
and Taiwan International Port Corporation).




this. Ocean carriers emphasized maintaining @dofity, whereas government officials voiced
ideas of making profit themselves through punitiveasures for ocean carriers who did not meet
certain environmental criteria. Related to this e importance of how such measures should
be implemented. On the one hand, a number of ocaarers commented on how they were
following existing global measures (for example IMQGidelines for the treatment of oil). On the
other hand they also commented on the fact thatlgiolicies were implemented uniformly
throughout ports in Taiwan (for example that biewas added to diesel in some ports but not
others). Government officials on the one hand talkleout the existence of numerous bodies to
help with the implementation of any policies (foraeple the Ministry of Transportation and
Communication, the Environmental Protection Adntiaison, the Ministry of Economic Affairs
and so on) but on the other hand of resistance frertain government organizations to post
sustainability initiatives (e.g. local governmertjsposition to the construction of wind turbines).
Thus, although our FAHP analysis shows the sali@h@onomic leverage, it is often through a
consideration of policy implementation that suckelage can be achieved, and consideration to
the different views of all stakeholders involvedigical. Without this, companies may use other
ports.

These issues and perspectives are intended tofdmlp for discussion to implement green
port. Such discussion could be led at a highertraergovernment (e.g. Ministry of
Transportation and Communication) level by an urtdrerganization. On the basis of the
results here, and even though Taiwan has recen@uames such as the certification of Eco-port
in Europe (see 4.2.2), one approach is for the dia@se government at a higher central
government level to develop further and study hoveneplary ports (e.g. Seattle have
introduced green port and seek to emulate thisaiwdn, and that further research be conducted
to help facilitate this. For example, port authestin Taiwan could survey and prioritize the
main pollution sources of port operations (inclgdship, terminal facilities, truck, warehouse,
building, etc.) in each port. It is suggested ailil2 port pricing and “carrot and stick” strategy
could encourage port operators to adopt greenelatipe methods (e.g. low sulfur fuel, shore
power, clear truck, clear ballast, water recycl@ars energy, etc.) and a pollution tax could
reduce the burden of port environment. Effectivecipg strategies based on demand
management could reduce the phenomenon of peakamgeak hour and consequently reduce
fuel waste and air pollutions. In addition, porthaarities could use an annual environmental

® Seattle has joined Northwest Ports Clean Air 8gatwhich is a collaborative project and has linkéith Port of
Tacoma (U.S.), and Port Metro Vancouver (CanadagyTmutually develop clear air strategies in callaltion with
government, industry and commuter stakeholdersy $beup clear pollution reduction targets in vasigollution
sources, such as ocearn going vessels, harbolsjesamgo handling equipment, trucks, rail, adntiatson during
the base year (2007) to target year (2020). htgpsul.portseattle.org/page/northwest-ports-clearsaategy.



excellence awards progrdnto select best green operators in various operdiields and
provide a bonus or port fee reduction. Finally,ihgvan automatic terminal (intelligent port or
smart port) is an important development trend fanaacing operation efficiency and reducing
pollution. In Europe, Hamburg and Rotterdam ararglas of such ports, and decision makers
in port authorities/operators in Taiwan could ledhese successful experiences to apply
developments in their port operations. Regardinganccarriers, since the regulation rules will
become stricter in the future, it is suggestednieest and develop efficient/greener ships with
Environment Ship Index (ESY).From the perspective of long term sustainable Idgweent,
ocean carriers should actively strengthen the lootition relations with ship manufacturers,
port authorities, central/local government, andeotstakeholders in order to understand green
port issues research (e.g. clear fuel, facilitiestefication, etc.) and development trends and
adopt mitigation strategies.

At present, some feasible green strategies camm#ucted in Taiwan’s port, such as covered
warehousing facilities, automatic gate lane, vehwhshing lane, noise/water/sediment quality
monitoring system, water treatment facilities, a@bconservation, green building (with rooftop
photovoltaic system). Nevertheless, some barriergréen strategies still exist. Taking shore
power system as example, although most of Taiwamé&rnational ports have planned these
facilities, most ocean carriers do not invest inrghpower system in their old ships due to there
being no compulsory rule in Taiwan. Also, a faiagde rate of shore power system has been
under discussion. Therefore, Taiwan’s governmerits ui@.g. Ministry of Transportation and
Communication, Ministry of Economic Affairs, Envitmental Protection Administration, etc.)
should conduct budget planning and provide findria@entives to encourage and assist ocean
carriers to invest new capital equipment and replald ones through effective environmental
legislation implementation. Such policies will intzbly require key, and perhaps hard, decisions
to be made on budget allocation and financing chsapproaches. What needs to be considered
in this context is what specific green port pokcae really necessary and important for Taiwan.
We hope the above results can help inform considesaand provide theory and data both for
such decisions and for further research in the. area
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Highlights

This paper investigates factors affecting green port policies

Quantitative fuzzy Analytic Hierarchy Process is used

Qualitative in-depth interviews approaches are also used

This combined approach reveals subtleties and complexities for policy makers

Environmental regulation and economic leverage are the top two key factors



