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Executive summary

Energy-related and environmental issues are getting more attention and are becoming more
importantoverthe years. Currently, theyare consideredas one of the greatest challenges worldwide.The
widespread use of fossil fuels causes the increase of the harmful emissions which are associated with
significant health and environmentalissues. Ports are no exception to this problemas they are considered
as major contributors. Although there are some measures available, the high majority of them focus only
on technologies that can reduce the vessel emissions. The focus of this research study is on the
development of adecision making tool fortechnologies that can be used forthe reduction of the emission
footprint of the ports’ shore-operations. The decision making for such technologies is not an easy process.
The large number of stakeholders, the environmental concerns as well as the fast changing business
environment create acomplicated decision making scheme. This schemerepresents specific practical and
theoretical issues. These issues consist the development criteria of the tool.

The practical issues describe both societalissues and problems that should be taken into account.
They referto the port’s emission footprint reduction and the use of port and portarea’s energy or material
waste in orderto tackle the emission footprintissue. Apartfromthat, they referalsoto issuesrelated to
the stakeholders’ participation in the decision making. The involvement of all the stakeholders is
importantin orderto make more responsible decisions. As the stakeholders may have conflicting values
regarding the technology selection and operation, these possible value conflicts should be addressed. The
last practical issue is the increase of the stakeholders’ acceptance for the technology to be applied. The
theoretical issues arise from the lack of literature information that solves specificissues. Firstly, there is
no theoretical tool available that can address the possible value conflicts that are related to the
technology choice. Moreover, there is a theoretical gap regarding the waste-use technologies that can
reduce the emission footprint. Finally, there is no specific information that refer to how to choose the
most appropriate technology based on the stakeholders’ point of view by taking into account the port’s
complex and fast changing business environment.

For the development of the tool, a list of theories was used. These theories were developed in
order to solve each of the aforementionedissues. More specifically, the building up of the tool is based
on the combination of the following theories: Responsible Innovation, Low Emission Port strategies,
Circular Economy, Stakeholder Analysis and Technology Impact Assessment. The developed decision
making tool consists of a ten step-by-step approach that provides specific instructions and sub-tools for
the assessment of the port’s situation and the technologies until the final technology selection.
Considering the diverse character of ports, their fast changing business environment as well as the
innovations concerning the low emissiontechnologies, this tool has no staticdata-input. It reacts with the
business environment and provides with the best technology choice related to the values of the
stakeholders at a specific moment of time. The ten steps are the following:

Step 1: Setspecificvision based onthe categories of the Low Emission Port Technologies
Step 2: Identification of all the relevant stakeholders

Step 3: Identification of theirvalue objectives

Step 4: Use of AHP sub-tool toidentify the importance of the values

Step 5: Creation of emission footprintinventory forthe relevant to the vision emission sources



Step 6: Identification of the Low Emission Port Technologies that can be applied

Step 7: Satisficing

Step 8: Use of Pugh’s matrix sub-tool in orderto performthe Technology Impact Assessment
Step 9: Use of TOPSIS sub-tool forthe final decision

Step 10: Emission footprint projection

The developedtool was applied as an illustration study to the port of Piraeus. This port was
chosen due to its high economicimportance on a European and international level and due to the fact
that there is large room for improvement as far as its environmental performance is concerned. To
facilitate the analysis, the dataabout the currentsituation of the port was first examined. Also, a detailed
stakeholder analysis took place with 11 members of the stakeholders to participate in the survey. The
application of the method led to some significant remarks. The overall remarks forthe tool are based on
both the author’sremarks and the comments of fourinterviewees. Asfarasthe authoris concerned, the
remarks refertothe overall process, to the usefulness and consistency of the dataand to the responsible
character of the tool. The interviewees replied to specific questions regarding their ideas about the
usefulness of the tool, the advantages and disadvantages of its use as well as the fields of improvement.

The developed tool consists of a complicated process but the individual steps are simple to be
executed andimportantinordertosolve the practical issues. The finaloutput as well as the intermediate
output between the steps are also easy to be realized. It can cope well with both small and large number
of technologies and values as decision criteria. The value-based approach thatis used by the tool forthe
selection of the best compromise technology can minimize the value conflicts. The application of the tool
proved thatit is particularly efficient for gradually identifying the values and theirimportance as decision
criteria. The idea of dynamicinput of data provides the flexibility to possible changes which consists an
important aspect for making responsible decisions. The main advantage of the toolis the quantification
of the decision making process. It can provide a “common language” for understanding the current
situation interms of decision criteriaimportance and technology opportunities. This can save time from
long duration meetings. Onthe other hand there are some issuesidentified. The mainissues are related
to the risk of biased input datafor the Pugh’s matrix (technology evaluation) as wellas the fact that some
stakeholders may be unwilling to reveal their values as decision criteria.

The decision making tool can be used by port authorities either as the main decision tool or as
supplementary tool that provides port authorities with an indication. The tool can be applied to all the
types of ports without restrictionssuch as the size orthe economicactivity. The main factors of successful
application are the transparent participation of the stakeholders, the inclusion of all the stakeholders, the
absence of biased input data and the selection of one of the specific categories of Low Emission Port
Technologies to be examined. Finally, this research study concludes with remarks about the method of
developmentand with suggestions abouta number of interestingareas for future work; these areas are
mainly associated with the limitations of the theories and tools that were used for the development
process.
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Chapter 1: Introduction to the problem

This chapter consists an exploration of the existing situation in seaports related to the emissions’
reduction. It is divided into three parts. In the first part is presented the main reasons that set as
important the development of a decision making tool for technical solutions. These solutions can be
applied for the reduction of the emission footprint of a port’s shore-operations. Also, this part describes
the practical issues that need to be addressed. The second part includes a brief analysis of the existing
approaches that can be found in the literature today. Based on their shortcomings, it provides the
theoretical issues. The results of this analysis together with the information found in the first part led to
the formulation of the problem description and the research questions. The third part of the chapter
describes the scientific approach that is used for this research study.

1.1 Introduction and motivation

Nowadays, thereis a high concernregarding the climate change and theincrease of the emissions.
Due to the economicand population growth, the influence of the human factor on ecosystem has grown
rapidly and that can be observed onthe concentrations of CO,, SO,, NO, and PM in the atmosphericair,
which are measured atrecord values since the last 800,000 years. It is extremely likely that the effects of
the climate change which can be noticed have as main source this anthropogenicpollution. (IPCC, 2014)
According to the Climate Summit of United Nations, the humanity has to take urgent action to limit the
consequences of the “dirty” growth on the environment. More than 70 Nations and 1,000 enterprises
endorsed the development of mechanisms that would help towards the minimization of the problem of
climate change. Furthermore, in this summit, a plan of action of more than $300 trillion was announced
which shows that the global society aims to stimulate actions towards emission reduction. (United
Nations, 2014)

In order to deal with the climate change problem, there are two main solutions that have been
proposed, the mitigationand the adaptation. The mitigation action describesthe excessivelyreduction of
emissionsand the adaptation action describes the effort to minimize the unfavourable effects by adapting
to the climate changes. Nonetheless, the adaptation action cannot be considered as a sustainable
solution. Thereisanegativeloop on the application of such measures: the worst the effects of the climate
change are becoming, the stricter adaptation action will be needed. (IPCC, 2014) For the case of this
research study, the focus will be only on the mitigation actions.

One important factor that contributes negatively to the climate change and more specifically to
theincrease of emissionsisthe seatransport and the seaport sector.Both sectors are considered as pillars
for the international economy. Even during the period of the global economic crisis, the international
trade through waterways has increased in absolute numbers, leading to an increase of the cargo
transportation and of the port activities. (World Ocean Review, 2016) Today, 80% of the world’s raw,
processed and manufactured materials are transported by the maritime sector. The marine sector is
considered as amajor contributorto the climate changeas, since 1990, the emissionof greenhouse gasses
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fromvessels hasincreased by 85% and the emission of shipping activitiesof the global gross emission per
yearare at the levels of 3% (Jian Li, 2011) Accordingto International Maritime Organization (IMO), as the
environmental damagethatis produced by the emissions of the shipsand port activities rises significantly,
thereisaneedformeasuresto be taken. (International Marine Organisation, 2009) A research study from
OECD shows the importance to address the emissionissues: by 2030 the premature deathsin port cities
due to emissions from port activities, and more specifically from particle matter, are going to rise
dramatically in case no actions are taken. Figure 1 represents this situation.
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Figure 1 Pre-mature deaths caused by air pollution from port activities per million of capita (OECD, 2011)

The existing global transportation system should be further developed in order to meet this
growing transportation demand. This development will also affect the ports. The ports can be
characterized by the geographical concentration of high energy demand and supplyactivitiesdue to their
function as central hubs in the transportation of raw materials. Nowadays, busy ports have plans of
expansion to accommodate the increased cargo demand and new ports will be developed for the same
reason. (Meersman, 2009). As a result, the emissions from cargo-handling equipment, harbor craft and
trains or heavy vehicles within ornearthe portare expected torise (Vujicic, 2012). In addition, the higher
energy consumption will lead to the increase of the overall emissions, as the productionenergy mixof the
countries is still mostly based on fossil fuels. According to the World Bank, 66% of the total energy
produced comes from the fossil fuels (TSP, 2016).

The emission mitigation actions ata portlevel focus on two different categories of measures, the
vessel related measures and the port related measures. As far as the vessel related measures are
concerned, until now, there are two different types of action plans that are applied in order to achieve
emission reduction. The first action plan is the vessel based emission reduction measures. This plan
includes the introduction of measures that are applied at vessel level such as the use of cleaner fuels,
more sustainable processes and compliance with the marine emission limitations (MARPOL convention).
(CNSS, 2016) The othervessel related action planisthe onshore powersupply, where shore-side electric
power is provided to the ships while they are docked in the port. (Kohli, 2014)

18



On the other hand, the port related measures regarding land activities vary and cannot be
specified fromthe literature. Forinstance, the replacement of the diesel engines of the heavy trucks that
are operating in the port by electric engines is such a measure. Or even the installation of an energy
production technology that is based on sustainable sources such as photovoltaics or wind turbines.
Althoughthere are several theoretical approaches related to the reduction of theemissions ata port level
such as the Green port or the Sustainable port, they do not focus only on this aspect. Low emission
measures are usually part of ageneral and complexframework which includes usually alot of information
and itmakesitdifficultto focus only on such a crucial pollutant as the emissions are. This observation led
Meersman to state the followingregarding the sustainable ports: “although the research for sustainable
ports has been going for some time, there is a considerable misunderstanding regarding the term
“sustainable”. Thistermappearsto consista difficultand complex conceptas people may understand it
in different ways“. (Meersman, 2009)

The emission measures that mentioned above are divided into three main categories: the policy
measures, the management measures and the technical measures.Examples of policy measures that can
be usedin orderto tackle the emissionissuesare the introduction of incentives forterminal users to use
technologies that reduce emissions or the introduction of emission standards in order to control the
emission performance. Examples of management measures are the creation and update of a database
regarding port’s operations related emissions and their impact on air quality levels. Another example
could be the organization of workshops with experts with topic related to the reduction of emissions.
Finally, the last category of measures are the technical measures. Such an example is the introduction of
renewable energy sourcesforelectricity generationin the portareaorthe transformation of the fleetinto
(vehicles and vessels) into lowemission and fuel efficient. (ESPO, About ESPO and EcoPorts, 2015) Forthe
purpose of this research study, the focus will be on the technical solutions as they are relevant to the
context of the MSc. Sustainable Energy Technology.

Emission
Measures

Policy Management Technical

Figure 2 Categories of port emission measures

Anotherimportantaspectregardingthe emissionsis how they should be analysed. The following
example can help to have an insight. The relocation of a petrochemical power plant from the port area
may have a positive impact onthe reduction of port’s emission levels but the problem will be transferred
to another area. This fact represents an unwilling situation. Therefore, itis important to focus on the
emission footprint of the port activities and not only onthe emissions. Anotherreason that enhances this
opinion, isthatthe ports are usually close to port cities and industrial areas which means that the level of
emissions that can be measured in the air is affected by factors that may have no relation to the port
activities. (San Pedro Bay Ports, 2007)

The impact of the decisions concerning the introduction of technologies that reduce the emission
footprintshould be analyzed not only from a prospect of economicand environmental performance, but
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alsointerms of stakeholder acceptance including the public. In the complexsocio-economic environment
of the ports, the implementation of emission reduction solutions interacts with the society and the other
relative stakeholders such as the port users. This fact introduces new parameters to the problem that
should be takeninto account. These parameters can be expressed by taking into account the stakeholder
values. Also, the diverging interests and goals that can be met among the stakeholders impose an
additional challenge. The values of the stakeholders are important to be metin order to minimize the
possibility of possible conflicts regarding the implementation of a chosen technology. The acceptance and
dedication of the stakeholdersis one of the mostimportant parts of the technology implementation. (van
den Hoven, 2013)

Finally, atopicwith growingimportance in ports is the minimization of the waste and in parallel,
gainin terms of emission reduction. As energy is highly related to the emissions (energy mix), the energy
waste leads to the increase of the overall emissions. According to the study that made for the portsin
Balticsearegion, a large amount of emissionsis produced by the fuel waste produced by cargo handling
equipment, energy wastein the buildingsand lights etc. (Hippinen 1., 2014) Another source of waste is the
material. There are a lot of materialsthatend up in the rubbish. However, these materials could be used
incombined cycles (energy-heat) and thus, reduce the emissions that alternatively would have produced
by fossil fuels. A characteristic example is the port of Rotterdam where 40% of the composition of the
industrial material waste (portarea) and 38% of the municipal residual waste (port city) are biomaterials
that can be reused. (Rotterdam Partners, 2013)

To sum up, it can be concluded that there are many opportunities forimprovement. To begin
with, the reduction of the port’s emission footprint consista problem that needs to be addressed. Today
there are already a lot of measures taken but their focus is mostly on vessels and not on shore-related
port operations. Another important issue is associated with the decision making process. There is a
literature gap related to the participationof all the stakeholdersin the decision making process and alack
of a standardized approach toaddress theirpossible value conflicts. In addition, itis essential to explore
ways to use technologies in order to reduce the waste and at the same time tackle the emission issues.
All the above factors could be fulfilled by proposing an approach of selecting the most appropriate
technology that takes into account all these issues. Finally, the existing port concepts should be studied
in order to identify whether they tackle the above issues and whether they can provide any theoretical
background for the structuring of the decision making approach.

1.2 Existing port concepts

At thissubchapter, the exploration of the current port concepts takes place. Also, itis highlighted
if and how they address the issues of the reduction of emissionsinthe port areaas described above. The
concepts of Sustainable Port, Green Port and Low Carbon Port consist the theoretical tools that can be
found in the literature today and are appliedin ports worldwide. With the exception of the Low Carbon
port, the other concepts do not focus only on emissions but on all the forms of pollution such as water,
ground etc. However, the focus of this analysis will be on the emissions.
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1.2.1 Sustainable Port

The first and most known concept that can be found in the literature is the Sustainable Port. It
describes the situation where port development is happening under the “sustainable development”
guidelines. These guidelines are also known as “triple bottom line” and refer to the three parameters
“people”, “profit” and “planet”. Profitis referred to the economic variables that deal with the flow of
money. Such values are income, taxes, expenditures, business climate factors etc. People, is referred to
the social variables of a community or region, such as access to social resources, health and well-being,
quality of life, social capital, education etc. Finally, planetis referred to environmental variables that deal
with current or potential influences to the environment and representation of measurements of natural
resources. These variables help to analyze the impact that a project or policy would have on an area.
(SlaperT., 2010)

The most developed concept found in the literature that follows the sustainable development
guidelines is the “Ecoport”. The Ecoport concept was developed by European Seaport Organization
(ESPO). An Ecoport can be defined as the port that is part of the ESPO network that serves the “ports-
helping-ports” in the field of port environmental management. These ports should follow the policy and
guidelines that were presented by ESPO and give feedback to other ports and ESPO itself in order to be
used as good practices. In orderfor a port to be characterized as Ecoport, it needsto have a broad ESPO
membership and complete a Self-Diagnosis Method (SDM) checklist. In the end, port members will be
certified with Ports Environmental Review System (PERS) and 1SO 14001 (ESPO, About ESPO and EcoPorts,
2015). This information can be found in Appendix A.

The main principlesthat are conducted by European Port authorities and can be found in the core
of Ecoport definition that express the whole initiative can be contained in five different categories. The
firstone hasto do with the self-regulation which can raise the standards beyond existing regulations. The
second category includes the cooperation in the sharing of knowledge between the ports involved. In
addition, another category consists of the approach of serving both business and local communities’
interests, the enabling of the approach of continuous improvement in the environmental management
structure. Finally, the last category is the transparency to third parties in terms of the progress in
environmental performance (ESPO, Green Guide, 2012 ). In respect to these main principles, the
framework of five E's was produced, which represents the five pillars for guidance that EcoPort should
followinorderto progresstowards betterenvironmental performance. The five pillars are the following:

. Exemplifying

Ports set a good example to the wider port community by demonstrating excellence in managing the
environmental performance of their own operations.

° Enabling

Ports provide the infrastructural and operational conditions that facilitate port users and enhance
improved environmental performance within the port area.

o Encouraging

Ports provide subsidies to the port users in order to improve their environmental performance and
become more sensitive to the problems related to the environment.

. Engaging

Port authorities should engage with stakeholders and port users in sharing knowledge, means and skills
towards joint projects with common goal the reduction of the environmental footprint of the operations.
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. Enforcing
Ports developand make use of mechanismsthat enforce good environmental practice by port users where
they can be applied and ensure compliance.

Accordingto ESPO, the top three environmental priorities that port authorities need to focus are
the air quality, the waste and the energy consumption (table in Appendix A). As mentioned in the first
subchapter not only air quality but also waste and energy consumption are related to the emission
footprint of a port. The aforementioned pillars (5 E’s) are applied for the air quality, the waste and the
energy consumptionwith agoal to provide guidelinesin orderto tackle theseissues. Thisinformationcan
be found in Appendix A. The main result from the application of the 5 E’s in port cases related to air
quality, energy consumption and waste management is that the Ecoport’s framework provides mostly
general management and policy recommendations that are based on the good practises of the ports
involved in the ESPO. There are no specificinstructions related to the emission reduction technologies
and how they should be chosen.

Except from the 5 E’s framework, the Ecoport concept contain guidelines related to the social
integration of the port. Accordingto ESPO’s report “Code of Practice on Societal Integrationof Ports”, the
port should optimise the relations between the port and its surrounding societal environment and focus
on the human factor on ports. Indeed, that is one of the P’s (people) included in the sustainable
development theory. The same report presents recommended practises related to the societal
integration of the port which are analytically presented in appendix A. (ESPO, Code of Practise, 1994)
Althoughthe publicacceptance isanimportantissue whenithasto dowith decisionsrelated tothe port
activities and development, thereis an examplethat the publicopinion was not takeninto accountin the
evaluation of energyefficiency technologies for the port of Gothenburg. The main criteria for the selection
of the technologies for the port of Gothenburg (part of Ecoports network) were the CO, emissions
reduction, the affordability, the payback time of the investment, the needed capacity and the barriers
that current port organisation may exist for the implementation of the technology. It can be concluded
that the criteria for the decision do not include other factors such as interests of the stakeholders and
focus only on emission reduction of CO, and not to other which according to the first subchapter are
considered important. (Hippinen I., 2014) Finally, Ecoport concept promotes the idea of continuous
improvement with the establishment of the process “plan —do — check — act” in order to continue to
improve through standardization. More information can be found in Appendix A.

1.2.2 Green Port

One of the most common approaches that is repeatedly found in the literature is the “Green
Port”. Tiedo Vellinga explainsin his reportthatalthoughitisa common concept, the description of what
a GreenPortis can be confusing (VellingaT., A guidance for Port Authorities, 2013). In the same report,
he also explains that thereare studiesthat try to provide asingle definition which can combine all separate
measures thatinclude climate change adaptation and mitigation measures. These studies say that Green
Port development is based on “Green Growth” as a driver of its operational and commercial activities
(VellingaT., Green Ports - Fiction, condition or foregone conclusion?, 2011). According to OECD, Green
Growth’s main target is to improve the resource management, bust productivity, use the economic
activity with response to society over long term design and finally, use new innovative technologies to
fulfil this purpose. It explains that it is important to be ready to abandon one approach if a better
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alternative is presented. Green Growth is expressedin different countries by differentmaster plan (China,
South Korea, Ireland, Rwanda etc.). (OECD, 2011)

PIANC, known also as World Association for Waterborne Transport Infrastructure, is an
international organization founded in 1885. PIANC gives the definition of Green Port: “A Green Portis one
in which the port authorities togetherwith port users, proactively and responsibly develop and operate,
based onan economicgreen growth strategy, on the working with nature philosophyand on stakeholder
participation, starting from a long term vision on the area in which it is located and from its privileged
position within the logistic chain, thus assuring development that anticipates on the needs of future
generations, for their own benefit and the prosperity of the region that it serves.” (Envicom Working
Group 150, 2014) These four dimensions of the above definition are explained below:

° Economic green growth

Itisimportant forthe port development that the economic progress to be achieved by taking into account
the environmental protection. Ports growth should be realized in harmony with the surroundings where
space is limited and development is the desired result as an economic driver.

° Working with nature philosophy

Working with nature is a process which identifies and utilizes win-win solutions for both project
proponents and environmental stakeholders. Thisprocess containsthe establishment of the project needs
and objective, understanding of the environment, potential engagement of stakeholders to identify win-
win opportunities and finally preparations of final project proposals and designs.

. Stakeholder’s participation

The aim of stakeholders’ participation in the operational, construction and growth strategies is to gain
knowledge about the values of the social environment. This could lead into a successful co-operation
between the social environment and local society which, in that way can facilitate a more smooth port
development process.

° Long-term vision

Longtermyvisionisaway torelate the port development with increasing environmental concernregarding
climate change. It emphasizes the importance to think about the future today. The long-term period can
be determined by the project type or situation but it should not be more than twenty years.

There was not alot of informationthat could be found inthe literature regarding Green Port. Also,
Green Port provides no specificguidelines related to the emission reduction measures and they are even
less specified than Ecoport concept. It is a relatively new concept under development which explains the
lack of information. Furthermore, one of the main things that should be reconsidered is the win-win
opportunities which according to the concept, should be engaged among the stakeholders. It is difficult
to be achieved as the environment of actors that participate in ports’ activities is complex. The most
developed Green Portthat was foundin the literature isthe Port of Long Beach, California. (Port of Long
Beach, 2016) The port authorities of the Port of Long Beach have developed their own plan (Clean Air
Action Plan— CAAP) which they use since 2006 in order to improve the environmental performance. The
main dimensions of this plan are the environmental responsibility, the fiscal responsibility and the social
responsibility. However, there are no specificplans forthe participationinthe decision making of all the
actors involved and still it can be concluded that this framework also give general guidelines. When
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examiningalsothe implementation strategies of the CAAP, itis clear that it is referred mostly related to
control measures and policy recommendations and does not give guidelines related to the technology
implementation and how to decide onthem. The only part of the report thatis relatedto the technologies

analyses what technologies were used and their results based on the monitoring process. (The port of
Long Beach, 2006)

1.2.3 Low Carbon Port

One concept that isthe least developed in comparison with the Sustainable portand Green port
but is highly accepted by scientists in Asia and United Kingdom is the Low Carbon Port. There is an
extended analysis of the Low Carbon port approach at the paper of Jian Li, Xaio Liu and Bao Jiang “An
explanatory study on Low — Carbon ports development strategy in China”. The origin of the Low Carbon
portas an approach came out from the need of Chinato achieve amore environmental friendly economic
development. Itis based onthe “low carbon economy” whichdescribes an economic modelthat relies on
low energy consumption and low pollution. (Li J., 2011)

The Chinese Academy of sciencestranslated the “lowcarbon economy” approach intothree main
objectives: the efficient use of energy, the development of clean strategies and the pursuit of “green”
GDP. These objectives should be accompanied by technology innovation strategies, emission reduction
measures, and fundamental institutional innovation (Chinese Academy of Sciences, 2009). Finally, the
definition of low carbon port can be conducted by the above approachesin Jian Li ‘s paper: “Low carbon
portcan be interpretedas anew mode of development of ports through theincrease of energy efficiency,
large-scale utilisation of renewable energy and the application of carbon elimination technologies.”

In the literature there were not a lot of information regarding the Low Carbon port. The main
representatives are the ports of Qingdao and Cao Feidian. The main goal of these two ports is to reduce
the use of fossil fuelsinthe port’s main operations. Although the development of Low Carbon ports has

presented some achievements, itis considered thatitisstill initsinfancy. (Jian Li, 2011) Theirlow carbon
development was based on specificgeneralguidelines that should be followed and are presented below:

° Promote and improve the low carbon consciousness

The low carbon development should be enhanced by the contribution of the publictowards a “low carbon
revolution” by means that notonly ports butalso thegovernment and otherindustries shouldbe involved
in this development.

. Set standards of low carbon emission

There is a high need of scientific and reasonable standards to be set for the achievement of low carbon
port development, standards that will be derived with a reference to other ports and organisations
standards.

° Exploit clean energy, introduce low carbon technologies

Anotherurgentneedto be exploitedis the introducing clean technologies to tackle the problems of high
energy consumption and high pollution of port logistics and handling equipment. For example, onshore
powersupply for the ships, wind energy and electric vehicles use could contain a part of this solution.
. Increase the support of policy and financial to the low carbon ports by government

The total transformation towards a low carbon port cannot rely only on the efforts of Port authority but
alsoon the supportof government. Itis needed aseries of incentives and regulations to promote such a
development.
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Concerning the Low Carbon port concept, it can be concluded that is still in the development
phase. Although the mainfocusis onthe emissions and mostly on carbon emissions, thereis no extensive
framework on how to apply the guidelines. Moreover, anotherimportant parameterthatis not included
in the guidelines is related to the stakeholders and how their interests are taken into account. Finally,
there are no specificinformationfound in the literature related to waste solutions that can help the
reduction of the emissions.

1.2.4 Shortcomings of the existing concepts

To beginwith, itisimportantto be mentioned that the cases of Green port and Low Carbon port
are stillunderdevelopment. Also, the guidelines that the three concepts provide are based on the good
practises of the participating ports. Due to the diverse and complicated stakeholder environment of ports,
there might be cases thatthe goodpractises that have been used at one port may not lead to the expected
results at another port. Finally, the existing concepts are complicated and difficult to be understood
according to the research studies of Meersman and Villenga (mentioned in the previous subchapter).

By examiningin depththe guidelines of all the concepts, it can be concluded that the emissions’
reduction consists a strategical goal. However, the guidelines provided are related mostly to policy and
management recommendations and less on technical solutions. Moreover, they all lack of a specific
decision makingapproach associated with the technologies that can reduce the emissions of the shore-
related operations and are the best choice for implementation at a specific moment of time based on
certain stakeholder conditions. Also, there are no guidelines in the existing concepts related to the waste
useinorderto tackle the emissions. The only reference of Ecoport5E’s does not provide aclearplanand
is not related to technologies.

The last issue refers to the stakeholder involvement and the resolution of their possible value
conflicts. Againthere is no cumulative framework that explains how the port authorities could solve such
kind of conflicts. More specifically, the Ecoport concept provides with advice regarding the engagement
and encouragement of the stakeholders to reduce the emissions but not on the ways of addressing the
issues that may arise among them. In addition, the Green port concept explains the importance of
minimizingthe issues but mostly through win-win situations which cannotalways be the case when a lot
of stakeholderswith differentinterests are involved. Finally, the Low Carbon port containsno information
related to the stakeholders.

The main conclusion that can be drawn fromthe literature review is that thereis a theoretical gap
related to the ways of addressing the emission footprint of the shore-related operations of the port with
the use of technical solutions. Moreover, the port authorities should take into account the interests and
goals of the stakeholders when deciding on such solutions. It seems that there is a lack of theoretical
background as the concepts are developed basedon the general strategies of their relevant development
theories (Ecoport on the sustainable development, Green port on the Green Growth etc) and on the
general good practises that have been already developed and applied. Finally, there was nothing found in
the existing concepts related to the use of waste in order to tackle the emissions.

1.3 Criteria for a new solution

By takinginto account the results of the subchapters 1.1 and 1.2 itcan be concluded that during
the decision making process of a technology considering the stakeholders’ values, the following practical
and theoretical issues should be taken into account as requirements for a new solution.
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Practical issues

e Port’s emission footprint reduction

e Involvement of all the stakeholders in the decision making that can lead to a more responsible
decision

e Addressing of possible value conflicts among the stakeholders related to technologies selection and
operation

e Increasing of stakeholders’ acceptance for the technology to be applied (including the public)

e Use of energy/material waste in order to tackle the emission footprint issue

Theoretical issues

e Dueto ports’ complex and fast changing business environment, the current situation should be taken
into account and the flexibility to changes should be provided

o Lack of theoretical tool to address the stakeholders’ value conflicts

e Lack of literature information related to the waste-use technologies that can reduce the emission
footprint

e Lack of literature information regarding howto choose the most appropriate technology basedon the
stakeholders’ point of view as a cumulative decision making approach that solves the practical issues

The theories that seem to address these issues are the Low Emission Development strategies
(LEDs), the Responsible Innovation, the Stakeholders Analysis, the Technology Impact Assessmentand the
CircularEconomy. The LEDs is a development theory proposed by OECD and applied in several countries
that can provide the foundations for the development of the actions that governments should do in order
to reduce the emission footprint. The Stakeholders Analysis and the Responsible Innovation can helpon
the addressing of the issues associated with the involvement of all the port actors and the addressing of
their possible conflicts. The Technology Impact Assessment can provide important theoretical input for
the decision making approach related to the technologies. Finally, the Circular Economy can provide the
theoretical backgroundregarding how to decide on technologiesthat can use waste in order to tackle the
emission issue.

The aforementioned theories are very popular today in the circles of the Sustainable Energy
Technology MSc. The Low Emission Development strategiesisthe only theory found in the literature that
provides a framework related only to emissions. Itis considered as a validated theoretical framework as
ithas beenalready usedinseveral countries. The use of Responsible Innovation and Stakeholder Analysis
theories can be explained by the high effort to minimize the risk of resistance of sustainable energy
technologies so as the energy transition towards lower emission technological use can be enhanced.
Finally, the Technology Impact Assessment can provide the theoretical background forthe evaluationof
the technologies concerning their technical and economic characteristics.

1.4 Problem description and research objectives

Based on the aforementioned information it can be concluded that the serious issues that are
caused by the emissions of the ports’ shore related activities call for action. The emission reduction can
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be achieved by the introduction of solutions which referto policy, management and technical measures.
For the purpose of this research study and based on the relevance with the MSc. Sustainable Energy
Technology, the focus will be only on the shore-related technical measures of existing seaports. In order
to deal with the emission footprint issue, the port authorities should decide which of the technical
measures are the most appropriate to be implemented. The technology to be selected should have the
acceptance of all the stakeholders. Also, during the decision process, the practical and theoretical issues
that presented aboveshould be takeninto account. Thus, itisimportant to design a decision making tool
that can help port authorities to select the most appropriate technology that reduces the emission
footprint of an existing port’s shore-related activities.

Given the problem description, the research goals of this study can be expressed in the following points:

e Explorationof the above theoretical background that can helptoaddressthe issues mentioned

e Basedon thetheoretical background, development of the actions that port authorities should do
in order to tackle the aforementioned issues

o Development of a brief planning cycle for technologies. This planning cycle will be based on the
information found in the literature. The parts of the planning cycle that are related to the decision
making will be used as the main framework for the development of the decision making tool

o Development of astep-by-step decision making tool as an approach for the selection of the most
appropriate low emission port technologies that can be appliedin shore-related port operations

e Application of the tool into Piraeus port in order to extract useful remarks

There are also other significant targets which are mainly associated with the theoretical
background information. It should be explored which technologiescan be considered as low emission port
technologies, how they can be categorized and whatimportantinformation should be knownin orderto
provide help to the Technology Impact Assessment process. Another relevant target is to propose
effective tools for the data acquisition and processing as part of the decision making tool.

The port of Piraeusis selected for the application of the tool for the followingreasons. To begin
with, it consists afast growing port with higheconomicimportance on a European andinternational level.
Itis considered as one of the main ports that is used for the network of the new silk-road which connects
the Chinese market with the European one. In addition, as far as its environmental performance is
concerned, there is large room for improvement. (PPA, 2016)

1.5Research Questions

Inorderto achieve the aforementioned goals, specificresearch steps willbe followed. These steps
can be expressed by the main research question and the affiliated sub-questions.

Main research question

v' How can port authorities take informed and stakeholder-based decisions on technologies aimed
at reducing the emission footprint of the shore-related port operations?

In order to be able to answer the main research the following sub-question are formulated:
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Sub —questions

o Which stakeholders are involved in port decisions on technologies and what are their values?

e Howcana planning cycle fortechnologies address these issues? What would sucha planning cycle
look like?

e How can we select the most appropriate low emission port technology that can be applied in
shore-related port operations? Can we develop a tool to assist the decision-making ? What would
that tool like?

e Isanapplication of the developed toolto the Piraeus port possible and what do we learn from it?

1.6 Scientific approach

The goal of this research study is to propose a decision making tool that can help the port
authorities to select the most suitable technology that can contribute in the minimization of the emission
footprint of the ports’ shore-related activities. The development criteria for the tool are the practical and
theoretical issues.In orderto addressthese issues, the information from the following theoriesshould be
explored: Low Emission Development strategies, Responsible Innovation, Circular Economy, Stakeholder
Analysis and Technology Impact Assessment. The explanation of the approach used in order to develop
such a tool is divided into two main parts so it can be easily understood: the overall approach and the
approach per phase.

1.6.1 Overall approach

This section describes the overall design of the research approach. As a lot of parameters should
be takeninto account, the main target of the method of developmentis to provide the simplest possible
decision makingtool. The development of the tool contains four different phases. During the first phase,
all the important theories are explored. The second phase describes the development of the planning
cycle. The planning cycle consists anintermediate step between the theoretical exploration and the final
development. It translates the theoriesinto guidelines for port authorities and puts these guidelinesina
sequence. These guidelines will be used as the framework for the building of the decision making tool.
Duringthe final phase, the main gapsidentified in the developed framework will be filled. Finally, the last
phase contains the application of the tool in Piraeus port in order to conclude in useful remarks.

1.6.2 Approach per phase
Theoretical exploration

The theoretical exploration contains the extendedanalysis of the following theories: Responsible
Innovation, Low Emission Development strategies, Circular Economy, Stakeholder Involvement and
Technology Impact Assessment.Based onthe content, the analysisis divided in two main categories. The
theoretical information regarding the substantive and the process matters. Some theories participatein
both categories.

e Substantive matters

The information that is provided by the theories related to substantive matters helps the
understanding of what should be taken into account by the port authorities for the decision making. It
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provides the picture of what general facts are importantto be considered. The theoriesinvolved are the
Responsible Innovation, the Low Emission Development strategies and the Circular Economy.

o Process matters

The theoriesrelated to processmatters describe ways in orderto achieve thesefacts. The theories
involved are the Responsible Innovation (values methodological framework), the Low Emission
Development strategies, the Stakeholder Analysis and the Technology Impact Assessment.

With an exception of the Technology Impact Assessment and the Stakeholder Involvement
theories, the rest of the theories do not containinformation regarding the technologies and they do not
focus at port-level. Thus, they are deeper explored in the next phase.

Planning cycle

The planning cycle consists the combination of the results of the theoretical exploration and the
presentation of themin a structured way. Based on the information found in the previous phase, the
development of the planning cycleis divided intotwo main steps. The first step refers to the identification
of the actions for the port authorities coming from the theory of substantive matters. It explains what
port authorities should do. The second step involves the combination of the theories presented in the
process matters category based on the actions. It explains how the actions can be achieved.

e Actions for port authorities

For this step, the relevant theories of Responsible Innovation, Low Emission Development
strategies and Circular Economy are used. The identification of the actionsis based on the combination of
the above theories. The theories describe guidelines with focus on the regional or national level. Thus,
they are “downscaled” at port-levelwith focus on technologies. Forthis procedure, the portinformation
foundinliteratureistakenintoaccount. Atable of the main actions as well as their elementsis produced.

e Planning cycle development

The strategy for the development of the planning cycle is inspired by the software development
theory and more specifically on the strategy thatis related to the development of algorithms. The strategy
divides the designinto two main development stages, the high-level design and the low-level design. The
high-level design (also known as architectural design) provides the overview of the entire system (plan)
by identifyingits main stages. The low-level design (also known as detailed design) analyses each stage in
detail. (Bell D., 1997) There are similarities between the algorithms’ developmentand the planning cyde
developmentas both contain main stages that are furtheranalyzed. Forthe planningcycle, notonly the
theories of process matters (Responsible Innovation, Low Emission Development strategies, Stakeholder
Analysis and Technology Impact Assessment) but also the actions for port authorities are used.

The planning cycle describes both the guidelines regardingthe decision making and the guidelines
thatreferto the implementation of the technologyand evaluation of its performance. It can be considered
as a total project cycle. The main result of the planning cycle phase is an extended framework (stages and
specific steps to be followed) that can be used as the basis for the development of the decision making
tool.
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- Highlevel design

The highlevel design defines the main stages of the planning cycle as well as theirsequence. For
this procedure, the planning cycle of the Low Emission Development strategies is used as inspiration. The
reason behind this choice is that it is the only theoretical tool thatfocuses on steps and the sequence of
the actions that should be followed in orderto gain emission reduction. The goal of the high level design
isto substitute the steps of the LEDs planning cycle with the actionsidentified. The steps of this cycle are
related to policy measures. A modification is performed in order to substitute these steps with the actions
which are related to technologies. The simplest way to design this modification is by comparing the
content of the characteristics with the content of the actions. The basis of this comparisonis the relevance
of the content of one action with one of the steps of LEDs. If there is a relevance that can be found, then
the characteristicis substituted by the action which forms the new stage. In other case, the content of the
actionis examinedindividually. Itis examined how itisreasonableto spreadits contentamongthe stages
that have beenalready identified. This processis based on reasoningasthereisnorelevanttool foundin
the literature. It ensures that the resultis as close as possible to the original cycle (LEDs) which is a
validated and has been already used in several cases.

- Low level design

The step of low level designcontains the detailed analysis of the stages identified in the highlevel
design and the exploration of the steps that should be followed for each one of these stages. The detailing
of the high level designreferstothe classification of all the information retrieved during the theoretical
explorationinto detailed steps that port authorities should follow. The low level designis performed on
the basis of a combination. The combination includes the content of the actions for port authorities with
the relevant process matters theories. Specifically, these theories are the Stakeholder Analysis, the
Responsible Innovation (values) and the Technology Impact Assessment. The information of each of these
theoriesisassigned to aspecificstage of the high leveldesign. This assignmentis based on the content of
the theoryrelatedtothe content ofthe stage.Forinstance, theinformation from the Stakeholder Analysis
theory should be assigned to the relevant stage that refers to the stakeholders. The stage should have a
clear start and finish and should deliver an output that can be used as an input to the following stage.

The following table representswhich theoretical informationisusedin the high leveland low level
design process.

Theory High-level design Low-level design
Actions for port authorities v v
LEDs — planning cycle v
Stakeholder Analysis v
Responsible Innovation - Values v
Technology Impact Assessment v

Table 1 Contribution of the theory to the development of the planning cycle for the technology choice and implementation

Development of the decision making tool

This phase explainsthe final development of the decision making tool. The main criterionthatis
used as a building block for the tool is the framework developedin the previous phase. Although the
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aforementioned framework provides detailed guidelines, it does not include instructions on how to put
these guidelines into practise. There is a lack of information regarding which technologies should be
explored and evaluated. Also, the framework does not specify the ways of dealing with values as well as
the tools that can be used for the processing of the relevant data. Thus, the exploration of the low
emission port technologies takespartin this phase. Also, the methods of optimal design and non-optimal
designthatdeal with values are analysed. The analysis of these methods consists the background for the
selection ofthe tools that are going to be used for data processing. The adjustment ofthe new information
on the developed frameworkis performed on the basis of the followingidea: the output of the previous
step should be input forthe nextstep. Also, each of the methods/ tools shouldbe assignedto the relevant
stage. For instance, the tool to be used for the extracting data from the stakeholders should be assigned
to the relevant with the stakeholders’ stage. The following figure represents the situation.

Low Emission Port
Technologies

998984948

Methods to Deal
with Values

88488 8§

fth g Decision Making
planning ) Tool
cycle

Tools to deal with data

998984948

Figure 3 Explanation of the development of the decision making tool

Application of the tool to Piraeus port and remarks

The last phase of the approach is the application of the decision making tool to Piraeus portas an
illustration study. The application of the developed tool was made with the support of participants as
representatives of the stakeholders. The criteria used for the selection of these participants are related
to their involvement in the decision making process concerning the port of Piraeus regarding the
technology choice ortheir current level of knowledge regarding the strategicplans. In orderto collect the
data, three different questionnaires were used. The firsttwo questionnaires referto the identification of
the valuesas well as theirimportance. The first questionnaire is used for the identification of the values
that are important for each of the stakeholders when taking decisions regarding technology choice. The
second questionnaire uses the data input from the first questionnaire in order to assign a weight
(importance) to each of the values identified. The development of the second questionnaire was made
accordingto the AHP tool whichis selected as a tool that can deal with data. Each of the representatives
replied to both these questionnaires. The third questionnaire was used for the comparison of the
technologies. One expertthatis chosen based on his knowledge on the technologies and its involvement
inthe port of Piraeus. Forthe comparison, qualitative data about the technologies were provided. In fact,
this third questionnaireis the Pugh’s matrix, atool to perform comparisons based on specificcriteria. The
results of this comparison consist the input of the TOPSIS tool which provides with the final result. The
remarks of the application came as a result of both the interpretation of the author as a reaction to the
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theoretical information and the comments of four of the participantsin the survey. The informationabout
the participants, the questionnaires as well as the results can be found in chapter 6 and Appendix E.

1.6.3 Scheme

The following figure represents the phases and steps of the overall research approach.
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Chapter 2: Theoretical exploration

The second chapter contains the theory that can contribute in the development of the actions that port
authorities should do in orderto solve the practical and theoretical issues. The theories explored are: the
Responsible Innovation, the Circular Economy, the Low Emission Development strategies, the
Stakeholder Analysis and the Technology Impact Assessment. The chapter is divided into two main parts.
The first part includes the theory that is related to the substantive issues which can provide the general
guidelines that can be followed by port authorities in order to tackle the issues identified. The second
part of the theoretical exploration describes the process matters that can provide ways of achieving
these guidelines. As Responsible Innovation and Low Emission Development strategies contain both
substantive and process information, they are examined in both parts. In the last section of this chapter
are presented the overall results.

2.1 Theories related to substantive issues

The first part of the chapter contains the theory that provides information regarding the
substantive issues. This information can contribute in the realisation of the important parts that should
be included asthe main actions that port authorities should doin orderto reduce the emission footprint.
The theories analysed are the Responsible Innovation, the Circular Economy and the Low Emission
Development strategies.

2.1.1 Responsible Innovation

There are scientific sources today that describe their concern regarding how technology and
innovations are being used and how they shouldbe used. Technologyshouldnot be only ameanto create
economic resources but also mean to create social and environmental value. The engineering projects
and mostly the technological artefacts included in these projects should not only have a materialistic
approach and serve specific interests of the dominant values. The holistic approach of an engineering
projectisanecessity, asitshould serve atthe same timethe economicand moral values and create space
fornew intellectual creationbased onthese values. Therefore, responsibleinnovationis an approach that
triesto balance between the value conflicts, increase the auto-correction between the stakeholders and
respect the public. (Stilgoe J., 2013)

Science and innovation, except from value and knowledge, produce also questions, dilemmas and
unintended impacts which sometimes may be undesirable. The attempt to manage these undesirable
innovation “externalities” led the academic community to explore methods and theoretical approaches
inorderto understand betterthe reasons that produce thesefactors and ways of predicting theirimpacts.
Responsible Innovation or, as it is also known in literature, Responsible Research and Innovationis a
concept that consists of already used methods with focus on technological development with an ethical
perspective (van de Hoeven, 2013). In general, the concept of Responsible Innovation has emerged as a
result of various concerns regarding the innovative products and the purposes of the innovation activity
among civil sector, scientists, politicians and the public (Blasko, 2014). The importance of Responsible
Research and Innovation has been recognized by European Commission and countries such as UK,
Germany, France and Netherlands are participating in Horizon2020 programs (van den Hoven, 2013).
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In orderto understand betterthe idea of the concept, we should define what the meaning of the
word “Responsible” is. By this word, it is meant that the values of some actors in the development or
selection of a technological artefact should not be sacrificedin order to ensure that the values of other
actors are completely satisfied. Consequently, in order to perform the most acceptable technological
choice, both meeting the criteria set and making trade-offs are necessary (Owen R., 2013). Also,
responsibility, as an important aspect of research and innovation, is greatly affected by the dynamic
environment, such as change of interests of the actors, location and time (Stilgoe J., 2013).

The definition of Responsible Innovation concept consists a debate since there is no widely
accepted definition. Von Schomberg gives a generally accepted definition which reflects a vision where
science and society are mutual responsive to each other with an upper goal of social acceptability,
sustainability and social desirability of the technological innovation. More specifically: “Responsible
Research and Innovation is a transparent, interactive process by which societal actors and innovators
become mutually responsive to each other with a view on the ethical acceptability, sustainability and
societal desirability of the innovation process and its marketable products in order to achieve the
objective of embedding scientific and technological advances in our society” (von Schomberg, 2011)

According to the aforementioned definition, the main goal is to achieve the highest possible
degree of social acceptance and at the same time ensuring sustainability to a project. That could be
possible only whenthe stakeholders’ interests (social, technologicaland governmental actors) have better
alignment between the fundamental values and the actual outcomes. Therefore, stakeholders’ analysis
and involvement is one of the principal characteristics of the Responsible Innovation concept, for
achievingthe integration of ethical reasoningand moral valuesin research and projects and enhancingin
parallel the collaboration between the actors (Owen R., 2013).

In addition, a factor that affects thisintegrationisthe dynamicenvironment of a complex sodal
and technical interaction which affects the unpredictability of the innovations’ impacts. Therefore, the
continuous assessment of technologies and evaluation of the current situation of stakeholders’
interaction should be doneatevery stage in orderto fulfil the scope of Responsible Innovation (Stilgoe J.,
2013). In order to minimize the negative effect of the externalities, it is important that the Responsible
Innovation conceptis appliedinthe beginning of the planning of a project, with special attention to the
stakeholders’ values. By taking into account both of these factors, the risk of resistance and possible
barriers can be minimized. It is a fact that promising technological projects failed to achieve social
acceptance which was their reason of failure (Stilgoe J., 2013).

A very enlightening example is the case of the port development of the town Shatian in China.
The port area of the town was included in a national program to stimulate port development. It attracted
companies occupied in the fields of marine industry, manufacturing and tourism. The local govemment
sold to them land and marine areas. However, despite the initial plans, the development was not
successful as the planning did not take into account the local fishermenthat they were not allowed to live
off finishinganymore as they did for many generations. These villagers wererelocated in an areathatthe
marine resources were scarcer. As a results, they tried to prevent the business activities of the new
industries. This situation led to violentincidents (Ravesteijn W., 2014). Some examples thatalso create a
lot of debate regarding their public acceptance are nuclear technology, geo-engineering, genetically
modified organisms etc.
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The above example enhances the importance of stakeholders’ values analysis in the beginning of
the planning phase and the identification of possible value conflicts. The value conflicts represent a
situation where two or more values evaluate different options as best when considered inisolation. (van
de Poel I., Valuesin engineering design, 2009). Forinstance, aproject plan thatis economically preferable
may be undesirable from an environmental or societal point of view. If those value conflicts were
identified in the beginning for the case of Shatian, the unwilling situation may be obviated.

One theoretical framework that can help to have a more structured insight of the Responsible
Innovationtheoryisthe Stilgoe’s four dimensions (Stilgoe J., 2013): the Anticipation, the Reflexivity, the
Inclusion and the Responsiveness. Anticipation is associated with the fact that negative impacts of new
technologies cannot always be predicted. Therefore, possible effects that may arise from a technology
should be analysed and described. These intended or unintended effects can be of economic, social or
environmental nature.

Reflexivity, refers to the regular evaluation of the technology to be applied, in other words the
self-assessment of this technology which is necessary to achieve the desired results. Towards the road of
responsibility, reflexivity on the part of actors and institutions involved isimportant as they should assess
theiractivities, commitmentsand assumptions by always taking into account the available knowledgeand
considering carefully the universal validity of any chosen approach to deal with issues.

The third dimension of the Stilgoe’s framework is inclusion. Inclusion can be described as the
process of deliberating through dialogue, engagement, and debate the visions, purposes, questions and
dilemmas in order to increase the degree of legitimacy and stimulate the stakeholder engagement
includingthe public. It is considered as the initial attemptto explore the wider perspectives from public
and diverse stakeholders that allows to reframe issues.

The fourth and final dimension | the responsiveness. Responsiveness is associated with the
dimension of reflexivity. When circumstances, interests and values of the stakeholders involved change,
Responsible Innovation should provide the capacity of adjusting the course of action and new knowledge
to the new situation. In order to achieve this, the participation and anticipation mechanisms are
important. (Stilgoe J., 2013)

2.1.2 Circular Economy

Another important aspect that should be considered for the actions of port authorities is the
Circular Economy (CE). Circular Economy is attracting a lot of attention as a way to overcome the existing
linear models of production and consumption based on continuous growth. The main goal of this
economic model is to increase the efficiency of the resource use by achieving a balance between
economy, environment and society. This may occur by promoting the adoption of closing the loop
production patterns, where the input resource consists of waste produced by the economic activity.
(Ghisellini P., 2014)

Before getting deeperinto the circular economy, it is important to distinguish between circular
and linear economy. Both models are considered as models of production and consumption. The linear
economyis an economicmodel thatignores the environmental externalities linked to the extraction of a
virgin resource and the generation of waste and pollution. On the other hand, as mentioned above, the
circular economy is based on production and consumption of goods through closed loop material flows,
that internalize environmental externalities linked to extraction and generation of waste. In such a case,
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the economytakesplaceinaloop (SauveS., 2015). Both models are presentedgraphicallyinthe figure5.
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Figure 5 Linear and circular economy (Sauve S., 2015)
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In the literature (Ghisellini P., 2014), the circular economy is described by three main “actions”.
These actions are defined as 3 R’s and consist the basic principles of circular economy: reduction, reuse
and recycle. The reduction principle’saimisto minimize the input of primary energy, raw materials and
waste through the improvement of efficiency in production and consumption processes such as
introducing new technologies, more efficientappliances etc. The reuse principle represents the reuse of
products and materials forthe same purpose forwhich they were conceived.Finally, the recycle prindple
referstoa recovery operation during which waste materialsare reprocessed into substances or materials
that can be used for new products. The recycle process does not include energy recovery and the
reprocessing of materials that are to be used as fuels (Ghisellini P., 2014).

But there are limitationsand challenges in the application of these principles forthe transitionto
circular economy (Ghisellini P., 2014). These challenges and limitations referto factors such as design of
more durable and efficient products, design for disassembly, reuse and recycle, new business models,
development of take-back mechanisms and taxation on use of non-renewable energy. Furthermore, itis
important to take into account factors such as the scarcity of rare materials, the ensuring of repair and
secondary use of products after the first use, further transformations of food and plastic waste and the
increase of renewables (Ghisellini P., 2014).

The aforementioned challenges are categorized by Luscuere in the table 2 by takinginto account
the ecological, economic and equity (social) terms (Luscuere P., 2015). The ecological challenges consist
of the biodiversity, climate change and health effects. The economic challenges contain the scarcity of
raw materials and natural resources. Finally, the social challenges are related to equity, with the issues of
unfair distribution of resources and the dumping of toxic waste in countries with little regulations to be
on the top of the dialogue. The resources are categorized into energy, water, materials and top soil.
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Table 2 Resources and values of Circular Economy (Luscuere P., 2015)

At the ecology part, every category of resource (energy, water, materials and top soil) is divided
intotwo lists. The upperlist contains the mainissuesthatare referred to the resource and the lower list
contains some solutions to tackle the issues mentioned. At the economy and equity part, the listsincdude
the “strategic goal” of the circular economy and the final vertical list presents some issues regarding
fairness that need to be tackled down.

2.1.3 Low Emission Development strategies

The term “Low Emission Development strategies” (LEDs) was first emerged under the United
Nations Framework Convention on Climate change (UNFFCCC)in 2008 and it is used to describe national
economicdevelopment plans or strategies that contain low emission economicgrowth. In the beginning
there was a debate regarding Low Emission Development strategies’ role ina future climate framework.
But over the years a lot of countries have accepted the approach of LEDs with the most important
recognition to be the acceptance of LEDS as indispensable part of sustainable development by the
Copenhagen Accord (2010) (OECD I., November 2010). Nowadays, LEDs consists one of the most popular
programs running by U.S. Global Climate Change Initiative in collaboration with twenty countries around
the world including Mexico, Peru, Indonesia, South Africa, Serbia etc. (EC-LEDS, 2016).

The main purpose of LEDs is the integration of the economic development with the climate
change planning. The main factors that help defining the LEDs in order to answer critical questions
regarding policymaking priorities, development plans and funding are the economic development
priorities, the identification of the major emitters, the vulnerability to the impacts of climate change and
the resources available for the preparation of the LEDs.

More analytically, LEDs can serve a range of purposes for government, publicsector, the private
sector and international community. The main purpose of the government is to set up the policy
framework by taking into account the priorities, the barriers and carriers and the assessment of the
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currentsituation. The publicsector should provide with information regarding considerations and possible
conflicts of the development plan. The private sector’sfocusis on the identification of the priorities and
communication with the actions of the government. Finally, the international community which consists
of researchinstitutions and universities provides the knowledge and the build-implementation capacity.
The general purpose of the LED strategy is conducted by this range of purposes.

The report of OECD also describes the importance of the communication and co-ordination
between thefourdifferent groups of stakeholders. This co-ordination should be enhancedacross different
ministries, stakeholders’ groups and increase publicawareness of climate change and policy. Except from
the communication and co-ordination, other important aspects of realising the LEDs’ purposes are the
implementation costs and the identified actions. LEDs should indicate the total level of funding required
and how much of thisis availabledomestically. Itis favorable fora LED strategy to prioritise programs and
policies for implementation by considering principles of implementation costs.

Anotheraspect that must be taken intoaccountis the timeframe of the designation of the actions
and priorities. In order to build up a political consensus and help to achieve domestic funding, it is
significant to agree on a long-term vision on the development plan of the LED strategies. Furthermore,
the addition of clear mitigation and adaptation actionwill helpto engage more the domestic stakeholders.

According to OECD, there is no single formula regarding Low Emissions Development strategies
(LEDs) can be used for all the countries. However, by studying a lot of existing strategies related to the
environmental protection and economic development such as National Climate Change Actions or
National Development strategies, OECD concluded in the main objectives that are presented below.
Accordingto OECD, the application of these elements contributeto the revealing on the opportunitiesto
achieve amore environmental friendly economic development with the reduction of the emissions. (OECD
I., November 2010)

LEDs’ main objectives

e Vision:
A vision can help by guiding the policy development decisions.
e Assessment of current situation:
Evaluation of the current state of emissions and socio-economicindicators.
e Mitigation potential and costs:
Mitigation potential and costs should help to identify the initial actions.
o Vulnerability assessment:
Indications of how a country may be influenced by air pollution, could help towards the
engagement of various stakeholders including general public.
e Priority programs and policies:
Indication of priorities for mitigation and adaptation which can be combined with economic
development strategy in order to identify synergies.
e Finance:
Alignment of policies with budgetand anindication of financing needs.
e Institutionalarrangements:

Explanation of whichinstitutions are responsibleforimplementing actions and contribute to
effectiveimplementation.
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The key areas that expressthe content of LED strategies and are driven by the general purpose of
the development plan can be divided into four categories: the long term emissions pathway, the strategy
to achieve this pathway, the potential environmental impacts and the description of the mitigation and
associated actions. The first category of the long term emissions pathway is dividedinto two themes, “the
national economicdevelopment and climate objectives” and the “Emissions levels and objectives”. Table
3 describes the overview of the themes, main objectives, functions and time frames of the LEDs. These

elements consist a deeper insight of the main objectives as presented above.

Theme

National economic
development and
climate objectives

Emissions levels and
objectives

Mitigation actions

Adaptation Actions

Finance and
Technology

Elements

Vision

Identification of
priority programmes

Emissions inventory
(national or sectoral)

Emission projections

Emission reduction
potential

Mitigation costs

Vulnerability
Assessment

Costs of adaptation
actions

Technology &
Institutions

Financial

Function

Goal of strategy

Identify actions and
policy priorities

Identify main sources
of emissions

Identify potential
emission trajectory

Identify emission
reduction potential
Estimate potential
costs of mitigation

actions
Explain how country or
sector could be
affected by climate
change

Estimate potential

costs of adaptation
actions
Available Technology
that can be used and
Institutions that are
responsible for
implementing actions
Identify how the costs
of the actions could be
financed

Table 3 Overview of objectives of LEDs (OECD I., November 2010)

Time Frame

Mid- to Long-term

Short- to Long-term

Historic and current

Forward Looking

Short- to Mid-term

Short-to Mid-term

Mid- to Long-term

Short- to Mid-term

Short- to Mid-term

Current and forward
looking
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2.2 Theories related to process matters

This second part of the chapter contains the theoretical exploration concerning the process
matters. The results of this exploration should provide an insight regarding how the actions for port
authorities can be achieved and contribute in the development of the planning cycle as a framework for
the decision making tool. The theories analysed below are the Low Emission Development strategies —
the planning cycle, the Responsible Innovation — values methodological framework, the Stakeholder
Analysis and the Technology Impact Assessment.

2.2.1 Low Emission Development strategies - the planning cycle

The Low Emission Development strategies report by OECD provide important guidelines
concerningthe preparation of coherent and co-ordinated strategies with agoal to improve the economic
activity by reducing the emissions. This information is the planning cycle of LEDs, a project based cycle
whichis presentedinfigure 6. It is developed based on observation and experience from the application
of LEDs in countries such as UK, Mexico, Thailand, Israel etc. It is divided into five steps, the formulating
goals, the institutional framework, the prioritising policies, the implementation and the monitoring. The
first step of formulatinggoalsincludesthe assessment of the current situation of a country and alignment
of the development with the climate policies. The second step includes the institutional arrangement
regarding the clear roles and the co-ordination among the relevant stakeholders by taking into account
their main expectations. The third step explains the final selection prioritisation of the national policies
withthe identification of the barriers and ways to address them by considering synergies and trade-offs.
The fourth stepis the implementation of the policy by identifying potential sources of financingin order
to boost the implementation. The last step is monitoring the progress made towards the goals, with the
knowledge acquired to be used as feedback for the evolving over time. (OECD I., November 2010)

Formulating Goals

Align development and climate
change goals

Build on past reports and
strategies

Analyse appropriate and reliable
/ data

Institutional framework

Monitoring

Track progress towards goals Clearly define roles
: Clear leadership Interministerial participation
Learn from experience

: Coordinate stakeholder
Update and improve LEDS stakeholder consultation consultation

g™ ¥

Prioritising policies

Implementation Identify & address implementation barriers

dentify sources of finance Consider policy synergies and tradeoffs

Coordinate funding
disbursement

Implement policies 4__—'

Consider policy interactions across sectors
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Figure 6 Planning cycle for low emission development strategies (OECD I., November 2010)

2.2.2 Responsible Innovation — values methodological framework

One of the main aspects of thisresearch study is the existence of multiple valuesinvolvedin the
port. These values will be used to set part of certain criteriain orderto evaluate possible solutions and at
the same time to help resolving possible value conflictsin aresponsible way. Keeney on his “value-focused
thinking” highlights the importance of values in the decision making problems, design process and in
general, intechnological artefacts. With the use of values, the risk of asset management decisions can be
minimized. The value analysis provides importantinformation as it determines the context of a company
/ organization /institution /society etc. (KeeneyR., 1996). It is necessary that the valuesidentified in the
analysisto be structured using a hierarchy of values or objectives hierarchy, knownalso as values’ tree. In
this tree the lowest level includes the values that can be measurable and / or quantifiable (Key
Performance Indicators). The upperlevelis the centralvaluewhich is defined by the lower values (vander
Lei,2012).

The value-based reasoning described above will be achieved by the integration of the values
related to the port into the management and design phase for the successful decision making. Despite
the diverge character of ports, which have significant differences in all levels and categories, some
fundamental valuesare common for all the stakeholders. This can be explained by taking into account the
globalization of port practises that affect at a certain degree the ambitions of the port-related actors. By
digging deeperin ports’ business environment in order to get a better understanding analysing their
featuresandinterests, itis clearthatthe mainfocusison the economic, social and environmental issues.
Apart from these values, also the safety and the accessibility should be considered as important. These
values are metinanalysisthatreferto the port of Rotterdam, port of Los Angeles, port of Long Beach and
port of Piraeus. (van den Hoven, 2013)

Butinorderto be able to understand better the complicated context of ports interests, ambitions
and development plans,itisimportant to identify more valuesthan the fundamental ones that are related
to ports’ operation. For instance, figure 7 explainsthe values tree of the Port of Rotterdam, which is
concluded from an analysis based on Keeney’s theory for “value-focused thinking”. Inthis values’ tree, it
is presented the “technical values” of the port, as they are based mostly onthe vision of how the port of
Rotterdam can become a global hub and Europe’s Industrial cluster (van der Lei TE).

As far as safety is concerned, it includes various aspects such as environmental, nautical and
structural safety. Anotheraspect of the safety is considered the health risk of the people both inside and
outside the port. The value of sustainability includes the “cleanness” of port’s operation, the related
transport activities and the activities of its clients (processes). The fundamental value accessibility
describes the flow of goods in the port area where shipping, rail, roads and pipelines need to have
sufficient capacity and be available as much as possible. Last but not least, another valueis the reputation.
Reputation describes the combination of aesthetics and a positive image among the actors involved. In
addition, good reputation is linked with the recognition of the port as an entrepreneurial developer.
Finally, the creation of societal valueincludes the broader goal of a port to create value forits clients, the
surrounding region and the relevant stakeholders. (van der Lei TE) Other values that were identified in
the literature are the economic growth, competitiveness, profitability, circularity, employment, sodcial
stability, livability and energy security. (Liagkouras A., 2015)
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For the case of resolving value conflicts that arise, the decision makers usually try to compromise
them by using the “common sense” reasoning (Liagkouras A., 2015). However, there is no “single” way to
achieve these compromises but oftenis a process that is based on the decision maker’s experiences
without relying on a theoretical method. Therefore, some established methods are available in the
literature.

Exterral safety

Healkh risks
Sefely Clients
Transport
/ Sustainability Frocesses
Glabal Hub Caoacity
ant Europe's
Industrial - -
Cluster Mooocoibility Avalability
Esthetics / image
. Entregrenaurial
Reputation devaloper
Mainienance
Crealion of Societal Longevity
Walua

Supply network value

Use of space

Figure 7 Values- tree of the port of Rotterdam (van der Lei TE)

The first and most known approach is the dominant value. The main characteristic of this
approach is that the decision maker takes its decision between two or more values based on the
determination of which value is the most important one. The second method is the trade-offs between
values. Inthat case, the decisionto be made includesthe upside and downside of certain conflicting values
inorder toimprove the value-based performance. The third method is the compensation scheme, where
the decision maker provides compensation to the value that is not fulfilled by the decision. The fourth
method isthe win-win situation where the main goal is the achievement of cooperation between two or
more actors in order to accommodate the disputants and improve their performances. The main
assumption in that case is that the actors’ conflictingvalues are equally important (Roberts S., 2015).
Finally, the last method is the Value Sensitive Design (VSD). VSD’s aim is to develop new technological
artefacts that through them is possible to resolve the conflicting values (van de Poel I., Values in
engineering design, 2009). A very nice example is the “not in my backyard” effect of wind turbines
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installationwhichis countered by the efforts of variouscompanies to create asystem with ledscreen and
cameras that will make the wind turbine invisible by projecting the back view of the wind turbine on the
front side and vice versa.

Forthe case of this research study, the method to be chosen should be inline with the Responsible
Innovation theory. The dominant value approach supports the decision making that selects the most
important value and does not take into account the rest of the values. Therefore, itis not a preferable
method to use for this thesis as all the values should be included according to Responsible Innovation.
The compensation scheme is another approach that selects the most important value but provides a
compensation to the values that are negatively affected. In some cases such as the safety or
environmental protection this wouldnot be aresponsibleapproach. The win-winsituationisan optimized
method to achieve cooperation and at the same time fulfil the values of the relevant actors. In case of
ports with multiple actors and their multiple values is complicated to achieve win-winsituations and needs
a lot of effort. Maybe this method is appropriate for simplified cases but it cannot always fit to the
decisions in more complicated problems. Another issue is the assumption that the actors involved are
equally important, which is not true for a port. One more method that has been examined is the VSD
method. Again VSD could be used in order to solve specific conflicts but it cannot fulfil more difficult
decision making problems for the samereasons as the win-win case. Finally, the trade-offs method follows
the ideas of responsible innovation by takinginto account all the valuesidentified and by making trade-
offs that can enhance the collaboration between the different actors. (Liagkouras A., 2015)

One methodological framework that helpsto deal with valuesisthe “step-by-step” approach as
it is described in the scientific paper “Responsible innovation and stakeholder management in
infrastructures: The Nansha Port Railway project” by Wim Ravesteijn. This framework consists of a
method where the value conflicts are revealed by contrasting the impacts with the stakeholdervalues. It
will be used partly as an inspiration for the structuring of the decision making tool in orderto achieve the
broadest support base of the stakeholders and thus less implementation resistance of the technology.
(Ravesteijn W., 2014)

The steps referred are the following:

e Stepl:Identification of relevant stakeholders

e Step2:Identification of stakeholders’ goals, interests and values

e Step3:Impact Assessmentinrespecttoeconomic, social and environmental impacts with regard
to the stakeholders

e Step4: Identification of value conflicts and analysis

e Step5: Formation of a policy plan to deal with value conflicts

e Step6: Measures for successful implementation

2.2.3 Stakeholder analysis

Another important theoretical part is the stakeholder analysis. To begin with, it is important to
define who is a stakeholder. As stakeholders can be defined the individuals or groups that are directly
taking part in a project or can be affected by this project in a positive or negative way as a result of the
projectexecution orcompletion (BabouS., 2008). In fact, the stakeholders are actors such as individuals
/ organisations or networks of individuals / organisationsthat have interest or can influence a project. For
the purpose of this research study the stakeholders’ analysis is significant in the decision making of a
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technology. As explained in the first chapter, the chosen technology should have the general acceptance
of the stakeholders so as they will not provide any resistance for its implementation.

There are three steps to be followed in order to perform the analysis. These steps describe the
identification of the stakeholders, the analysis of their behaviour, the influence and theirinteractionand
relations. Regardingthe identification, the stakeholderscan be dividedinto two different categories. The
first one consists of the primary stakeholders which, as actors, directly participate in the decision making
process. The second category includes the secondary stakeholders that are not directly involved in the
decision making but are affected by the decisions. An example of such a case is the publicor parties that
theirparticipationis necessaryinordertoachieve the goals of the project (Babou$S., 2008). Accordingto
the scientific research of Naniopoulos, the main port-stakeholder categories are the following: the
shareholders, the administration, the port users, the suppliers, the government organisations, the
scientificinstitutions, the local authorities and the national regulators (Naniopoulos, 2012).

The nextstep of the stakeholderanalysisis the identification of the possible behaviour of each of
the stakeholders. The possible behaviouris highly affected by the values that each stakeholder has. Also,
the importance of these values is significant when taking a decision. Thus, the process of identification of
the behaviour contains the exploration of the values and the importance that these values have in the
decision making for each one of the stakeholders. According to Mitchell, the importance of each one of
the values should be explored as it can also provide an insight regarding the dedication of the stakeholders
regarding the project. (Mitchell R. K., 1997) Another aspect that should be considered when analysing
the involvement of the stakeholdersina projectis the dedication. The dedicated stakeholders are eager
to mobilize resources for meeting the targets of a project. On the other hand, the non-dedicated are not.
Finally, although the influence, the interaction and the relation between the stakeholders consist also
important factors, they will not be examined as it is out of the research scope and it would make the
decision making process much more complicated. However, itis highly recommended to be examined as
part of future work.

2.2.4 Technology Impact Assessment

The last theory related to process mattersis the one that examines the impact assessment of the
technical solutions that can contribute to the reduction of the environmental footprint in the port area.
The impact assessment, as a method, predicts and estimates the likely impacts of a project and aims to
reveal effectsata secondlevel, apartfromthe easily observabledirect ones. The impact assessment can
be applied based on the use of two types of data. The quantitative or statistical data can measure the
order of magnitude of an impact. The qualitative data are useful when the impacts cannot be easily
measured such as social impacts (The Impact Assessment Research Center, 2015). This research study will
examine both cases for the technical solutions that reduce the emission footprint in the port.

The quantitative data can be used as the criteriathat can help the evaluation of the performance
of the technical solutions. The performance refersto both the technical and economiccharacteristics of
the technical solutions. According to the research of Azelvarde and the results of the Low Emission
Developmentstrategies (subchapter 2.1.3), the main performance criteria are the economiccriteria, the
mitigation potential data (regarding the emission footprint), the long term vision and the use of space.
Also, in hisresearch studyhe reveals the mainfactors that should betakeninto account during the analysis
of these performance criteria. (Azelvarde J., 2004)
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Economic Criteria

The economic criteria are considered as the initial capital cost, the maintenance and operation
cost (M&O) as well asthe payback time. However, in the case of low-emission electricity production, the
criterion of levelised cost of electricity (LCOE) should also be adjusted to the aforementioned economic
criteria (Appendix B).

Mitigation Potential

The mitigation potential is considered as the environmental impact reduction potential that a
technical solution provides. For the case of emissions as part of this research study, the mitigation
potential is how much it reduces the emissions.

Long-term vision

The long-term vision is considered as the overall lifetime of the system to be implemented.

Use of space

The use of space can be considered asthe area that is needed forthe technologyin order to be
installed. However, there are differences in the scale of area that is needed by various technologies as
some technologies can be appliedinless space and others need more area. Therefore two criteria were
identified in the literature, the minimum areaneeded fora small installation (applied to all the technical
solutions) and energy generation perareawhichis applied mostly to renewabletechnologies (Moskovitz
D., 1999)

Except from the quantitative data, also the qualitative data are important in order to assess a
technology and have an overallview onthe impacts it may produce when it willbe implemented. As ports
consist difficult and complex decision environments, these values should also be taken into accountin
order to ensure the maximum technology acceptance by the stakeholders. Therefore, a method should
be proposed to retrieve data and the evaluation of all the alternatives that may present. This method is
described in chapter 4 and it is part of the decision making tool.

2.3 Theoretical exploration’s main results

The two followingtables highlight the maininformation found in the theoretical exploration. The
firsttable representsthesubstantiverelatedinformation and the secondthe processrelated information.

Theories What is it? Main information
Values should not be sacrificed
in order to ensure that other
actor’s values are completely
satisfied
Dynamicenvironment: changes
of interests, location and time
should be taken into account

Transparent & interactive
process of embedding
technological artefacts in our
society with a view on ethical
acceptability, sustainability and
societal desirability

Responsible Innovation
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Identification of the possible
impact —should be applied in
the beginning of a project cycle

Four dimensions of Stilgoe
(Anticipation, Reflexivity,
Inclusion and Responsiveness)

Circular Economy

Economic model that suggests

to close the loop of processes —

internalize the environmental
externalities

3R principles (Reuse-Reduce-
Recycle)

Resources to focus: Energy,
Materials, Water, Top Soil

Low Emission Development
strategies

Integration of economic
development with the
reduction of emissions

Table 3

Table 4 Overview of the main results of the substantive related information

Theories

Whatis it?

Main information

Low Emission Development
strategies —the planning cycle

Project cycle with guidelines
related to policy
implementation

Explanation in 5 steps how to
implement policies (formulating
goals —institutional framework

— prioritizing policies —
Implementation —Monitoring)

Responsible Innovation—values
methodological framework

Information about the
treatment of values

Values-tree design and
fundamental values

Trade-offs method

Ravesteijn’s methodological
framework

Stakeholder analysis

Information about the

Identification of the
stakeholders on the basis of
participation in the decision
making or influenced by the

decisions to be taken

identification of stakeholders
and their possible behavior

Identification of their possible
behavior (based on the values
they use for decision making
and the level of importance of
these values for them)

Technology Impact Assessment

Criteriatoidentify the impact of
the technologies

Quantitative (can be measured)
(Economic— Mitigation
potential —Long term vision —
Use of Space)

Qualitative (cannot be

measured)

Table 5 Overview of the main results of the process related information
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Chapter 3: Development of the planning cycle: a framework for the
decision making tool

The third chapter contains the development of the planning cycle. It is divided into two main parts. The
first partincludes the analysis of the Low Emission Development strategies, the Circular Economy and the
Responsible Innovation which are combined into the “actions for port authorities”. The second part
describes the development of the planning cycle as a project cycle for the low emission technology
selection and implementation. Specific stages of the planning cycle are used for the framework that will
be used for the building of the Decision Making Tool.

3.1 Application of the substantive theories at port level

The first part of this chapterincludes the analysis of the theoretical background asiit is identified
in subchapter 2.1 (substantive issues). The theories of Low Emission Development strategies, Circular
Economy and Responsible Innovation are downscaled to port level with focus on the technical solutions
related to the port’s shore operations. The main goal of this analysis is to reveal the actions that should
be performed by the port authorities in order to tackle the emission footprintissues.

3.1.1 Low Emission Development strategies at port level

To begin with, it is important to be mentioned that although the main purpose of the Low
Emission Development is the economic development by setting at the same time environmental goals
related to emissions, it should serve in parallel a range of purposes which are linked with four different
groups of stakeholders. According to the analysis of chaptertwo, these stakeholders are the government,
the public sector, the private sector, and the international community. For the case of ports, as
governmentshould be consideredthe portauthorities because they are the decision makers and the ones
that set also the policy plans, give incentives and arrange the actions that port follows. The term “public
sector” could be used also to describe the situation at port level with the focus to be on the groups of
people who are that affected oraffect the port operations.Such example couldbe the citizens of the port
cities, the passengers etc. The term “private sector” refers to companies that operate in the port and
could be used againfor the port level. Finally, the international community which refersto the research
organisations and institutions again can be used for the port level. (NaniopoulosA., 2012) These four
categories of stakeholders are important to be included in the planning cycle.

According to the theory, the Low Emission Development strategies have five main themes that
are based on. These themes are the national economicdevelopment and climate objectives, the emission
levels and objectives, the mitigation actions, the adaptation actions and the finance and technology.
However, not all the themes are relevant with this research study. According to the subchapter 1.1, the
focus of this thesis is on mitigation and not adaptation and therefore the adaptation theme should be
excluded from the actions. The reason behind this is that adaptation does not consist a sustainable
measure. The pollution can be continued and the adaptation actions can help to the adjustment of our
society on this environmental damage without taking any measures to minimize it.
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The themes are dividedinto elements and the elements to theirrelated functions and time frame,
as presentedintable 3(chapter2). However, as the initial focus of this table is on policy formulation, the
focus should be turned on the port level and more specifically on the technical solutions that can be
appliedin ports. Thus, some changes on the original themes should be performedin orderto cover more
spherical the topic of technical solutions. One main change should be to distinguish among technology
and institutions, or better, institutional arrangement. The technology should be connected with the
theme of mitigation actions, as the only proposed way of mitigating the emission footprintissues for this
research study is through technologies. Finally, the finance theme should become more general and
include all the economic parameters and the institutional arrangements. This theme can provide
information about the costs, the funding opportunities and the arrangement of the funding among the
institutions. Tosumup, the new themes that can be used as categories of actions are the port’s economic
development and emission reduction, the emission levels and objectives, the technology and mitigation
potential and the economic and institutional arrangements.

Based on the changes of the themes, the relevant elements and functions should also change in
order to accommodate this difference on the themes. The theme of port’s economic development is
related to the vision. According to table 3, in the first theme of Low Emission Development strategies is
the element of identification of policy priority programmes. That should be excluded as it referto policy
measures and forthe purpose of this thesis the focusin ontechnical solutions. The second theme and its
elements can remain the same as they describe the creation of emissions inventory based on the main
sources of emissions that can be identified in the port operations and the emission projection in the
future. Atthis pointitisimportant to mentionthat the projectionis referredto the emissionsin the future
after the implementation of the technical solutions. The third theme is the Technology and Mitigation
potential. This theme is focused on the technical solutions and is divided into two elements. The first
elementisthe Low Emission Port Technologies(LEPT) as a category of solutions that can be applied in the
shore-operations of the port in order to reduce the emission footprint. The identification of the Low
Emission Port Technologies is examined in the fourth chapter. The second element is the emission
reduction potential from the relevant Low Emission Port Technologies. Finally, the last theme Economic
and Institutional arrangements contains three elements, the mitigation cost which is the overall cost from
the implementation of the Low Emission Technologies, the institutions which includes, the responsibilities
for the implementation among the institutions involved and the financial which isrelated to the funding
of the implementation. The new situation is presented in table 6. Based on the new formulation, the
characteristics of the table are more related to the technical solutions ratherthan on the policy planning.

Theme Element Function Time-frame

Goal: developmentand

Port’s Economic . .
. emissions reduction .
Development and Vision Mid- to Long-term

. . through technical
emission reduction

solutions
.. . . Main sources of
Emission levels and Emissions inventory o ) .
. f emission (port Historic and current
objectives (port’s shore-level)

operations)
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Potential emission
trajectory after the Forward Looking
implementation

Emission projection
in the future

Low Em|s§|on Port | Available technologies Short- to Mid-term
Technologies (LEPT) that can be used
Technology and
Mitigation potential
Emission reduction

Emission reduction . Short- to Mid-term
potential
Mitigation actions Overall cost of the .
. Short- to Mid-term
cost technologies
Economic and Responsibilities of
ituti Institutions for the
Institutional Institutions . . Short- to Mid-term
arrangements implementation of

technologies

Funding to supportthe ' Current and forward

Financial . . .
implementation looking

Table 6 Low Emission Development strategies at port level

3.1.2 Circular Economy at port level

The second theory that is used for the development of the actions is the Circular Economy.
Currently this theory is gaining a lot of attention and there are examples of some ports that begin to
explore how they canimplement the circulareconomy to the port ecosystem. Such cases are the port of
Amsterdam and port of Antwerp. The port of Amsterdam has as a strategicplan to reduce the dependence
on fossil fuels and at the same time explore the opportunities on producing energy based on processes
that contain organic material. The idea behind it is to use the solid organic waste that can be found in
excessinthe Amsterdammetropolitan area, in orderto create businesscases and gain economic benefits
from energy production. More specifically, there are several initiatives which are related to the emission
reduction such as Orgaworld, which uses organic wastesin orderto provide biogas, electricity, heatand
agricultural fertilizesand INB Sustainable which uses biomassin orderto supplyelectricity and hot stream
tothe neighbouring process industries. Based on the theoretical informationof subchapter 2.1.2, the main
actions that are identified in the port of Amsterdam are the “recycle” as the input material is the waste
fromanotheroperation and the “reuse” as the by-productsof the processes are used as aninputto other
processes. (Port of Amsterdam, 2016)

Another port that explores the potential of circular economy is the Antwerp. Antwerp shares
vision with port of Amsterdam by means of reducing the dependency onfossil fuels. Theirinitial focus is
on the energy recovery systems that will increase the efficiency of the petro-chemical industryin the
Churchill Industrial zone by analysing the energy flows and usingthem so as to boost the productivity of
the sector. Furthermore, port authorities realised due to its position that the port can attract recycling
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activities and reuse the by-products of the industrial activities as sources of chemical feedstock. Except
from that, port of Antwerp has developed initiatives inorder to significantly minimize the use of electricity
in the main port area. The theoretical actions behind all the aforementioned strategic goals are the

”n u

“recycle”, “reuse” and “reduce”. (Port of Antwerp, 2016)

As ports are turning their attention more and more into circularity, the main characteristics of
circular economy should be introduced also to the actions. The diverse character of ports with its
complicated business ecosystemand the relevant industries that are located in the port area make it
difficulttoseta specificplanregardingthe introduction of circularity in the port environment. Based on
the theoretical exploration and the information described above, the three main goals (3 R’s) can
contribute towards this direction as they can be used for the identification of the circularity opportunities
in the port area and explore whether there are technical solutions that could be applied in the port. In
fact, the main focus of these goals should be on proposing technical solutions that focus on the port’s
shore-operations and can tackle the issues of emissions. Based on the above information, a new element
should be used underthe theme of Technology and Mitigation potential. This new element can be called
circularity and its main function should be the exploration of the port’s circularity opportunities by the
application of the 3R’s.

3.1.3 Responsible Innovation at port level

Ports are areas where a lot of diverse processes of technical, economic and social nature are
takingplace. Also, by takinginto account the international nature of modern marine transportation, itis
easy to understand the high number of actors involved in comparison with more localized business
sectors. Furthermore, the ethnicdiversity makes the analysis of stakeholders’ values and interests more
complex. Thesefactors explainwhy Responsible Innovation theory is an appropriate approach for dealing
with the conflicting values in port related problems.

The development of port projectsis of greatinterest from the point of Responsible Innovationas
they combine adual goal, inherent to their publiccharacter. The first oneis the entrepreneurial goal which
describes the attractiveness of the port to users and investments. Moreover, part of the entrepreneurial
goal isto provide competitive supply of services to the customers of the port. The secondgoal is the sodial
aim which describes the raise of citizens’ welfare, in terms of income, health, employment rates and
environment aspects (van de Hoven, 2012). Therefore, the case of introduction and implementation of
low emission port technologies should fulfil both goals, the entrepreneurial and the social.

Invarious cases, port authorities are facingdilemmaswhen making a decision due to the complex
decision environment. That situation arises from the fact that they should use strategies for economic
growth in order to improve the income and employment levels (entrepreneurial goal development). On
the other hand, they should guarantee and develop the social aspects for the citizens (social aim)
(Ravesteijn W., 2014). Thus, there is a risk that the economicdevelopment may act as a dominant value.
This encloses the possibility of negative effects to some actors from the externalities of such decision.
Examples of such negative effects are the emissions from the new activities, the conflict for the new use
of land etc. As a result, the technical projects shouldno longerbe developed without consideration of the
all stakeholders’ values. The values of some actors should not be sacrificed in order to ensure that other
actors’ values are completely satisfied. Hence, Responsible Innovation theory is important for the
investigation of all the relevant stakeholder values in order to meet the goal of achieving the highest
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possible acceptanceforthe technology implementation by trying to satisfy the values of the stakeholders
at the maximum possible level.

Another important aspect that should be taken into account is the inclusion of the four
dimensions of Stilgoe’sin the actions so as to ensure the responsible character of the technical solutions
implementation in terms of the impacts on the stakeholders. The first dimension (anticipation) explains
that the negative impacts of the technologies cannot alwaysbe easily predictedand therefore an analysis
with the possible impacts of the technologies should be done. The second dimension (reflexivity) refers
to the self-assessmentand reconsidering of the main interests of the stakeholdersinvolved through the
process of exchanging data. The third dimension (inclusion) is referred to the stimulation of participation
of the stakeholders in the decision and implementation phase of the technical solution. Finally, the last
dimension (responsiveness) explains the flexibility to adjust to new the circumstances when the
importance of the interests of the stakeholders, and thus values, change.

The Responsible Innovation can contribute to the context of the table 6. To begin with, the theme
of Port’s economicdevelopment and emission reduction should preserve not onlythe social values (LEDs)
but all the stakeholders’ values. Thus, the current theme should be substituted by the term port’s
economic development with respect to air quality and stakeholders’ values. The vision now covers the
goal of thisresearch study whichiis to satisfy as much as possible the values of all the stakeholders with
the decision about atechnology implementation.In addition, anew theme should be introduced which is
related tothe stakeholders, the Stakeholder Involvement. This theme is divided into two main elements,
the stakeholdervalues. All the stakeholders’ values should be satisfied as much as possible. At the same
time no sacrifices of values of one or more actors should occur. The second element includes the
stakeholder participation which should be enhancedin orderto achieve the highest possible acceptance
of the technologies. Regarding the Stilgoe’s dimensions, the Inclusion and Reflexivity refer to the
stakeholders and thus, they can be included in the context of the Stakeholder Involvement action. The
Anticipation and Inclusion should be added as general information to be taken into account.

3.2 Main actions for port authorities

In this subchapter the information that was retrieved from the subchapter 3.1 is used for the
development of the actions for port authorities. The requirements of these actions are also presented.
The elements, functions and the time frame are considered as the requirements of each of the main
actions (specification of the actions).

Port economic development with respect to air quality and stakeholders’ values

The first action describesthat the economicdevelopment of a port should take place with respect
to air quality and stakeholders’ values. In orderto achieve this, the port authorities should set a specific
visionrelevant to this principle. This vision should contain the implementation of technologiesin order to
minimize the emission footprint of the port’s shore-operations. The vision should also describe the
minimization of the risk of acceptance of the technologies by the stakeholders. Finally, the vision should
focus on along-term time period in order to achieve better dedication from the stakeholders.
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Emission levels and objectives

The second action explains that port authorities need to collect data concerning the emission
footprint of their shore-related operations. The creation of an emission footprint inventory is important
so as the authorities can keep track and measure the success of the technology implementation or, on
the otherhand, the issues that may appear. In orderto create thisinventory, the port authorities need to
identify the main emission sources of the shore-operations. The emissions inventory should be based on
currentdata. Finally, theauthorities need to explore the possible future emissions. This emission footprint
projection should also contain the emission results of the technologies to be implemented.

Technology and Mitigation potential

Another action is the Technology and Mitigation potential. The port authorities need to identify
what are the available technologies that can be implemented in the shore-related operations and can
contribute inthe emission footprint reduction. Theauthorities can search for already applied technologies
in ports, innovativetechnologiesthat were designed to be applied in the port or technologies that may fit
to be appliedinthe port but are not related to the port operations. In addition, the authorities need to
examine whether there are technologies that can contribute to the introduction or improvement of the
circularity. Forthis procedure, the research canfocusinthe portand portareafollowingthe 3R principles
(reuse —reduce —recycle).

Stakeholder involvement

The port authorities needto recognise the importance of the involvement of all the stakeholders
in the decision making related to the technical solutions. The stakeholders consist one of the most
important factors of the decision making process as they can affect the technology implementation by
accepting or rejecting it. Their values should be taken into account in the designing phase of a project.
The port authorities should have mechanisms for the identification of these values. The high level of
participation among the stakeholders can contribute in the minimization of the risk of technology
resistance. Participation can be achieved by the stimulation of synergiesamongthe stakeholders as well
as by the minimization of the possible value conflicts that may appear (inclusion dimension). Finally,
accordingto subchapter3.1.1 the groups of stakeholders should be divided into four categories, the port
authorities, the privatesector, the publicsectorand the institutions and organisations. The analysis of the
values of the stakeholders through the process of exchanging data can help the authorities to achieve
both the highest degree of acceptability of the technical solutions (reflexivity dimension).

Economic and Institutional arrangement

The last action for port authorities is the Economic and Institutional arrangement. The first
requirement is related to the cost of the mitigation actions. As the mitigation is performed through the
implementation of the technologies, the relevant costis the one of the technologies proposed. Another
important aspect of this action is the financial support. The financial support describes the goal of
acquiringthe necessary fundingto support the implementationand operation of thetechnologies. Finally,
at this action it is important for the port authorities to define specific roles for the institutions that are
related to the implementation. The clear roles can contribute in the absence of confusion or lack of
communication among the institutes as well as the distribution of the relevant funding.

53



At this point, in order to avoid any conflicts, it is important to distinguish the use of terms
institutions and stakeholders. According to Low Emission Development strategies theory, the institutions
refertothe researchinstitutions, organisations that provide knowledge to the project. Such examples are
the universities, the NGOs or the ESPO organisation. The stakeholders refer to all the relevant actors in
the port area including the institutions.

Also some supplementary information should be presented regarding the Stilgoe’s dimensions.
The action of stakeholder involvement includes two dimensions which are relevant to its content: the
Inclusion and the Reflexivity. The dimensions of Anticipation and Responsiveness should also be taken
into account. Based on the subchapter’s 3.1.3 analysis, the port authorities should provide the tools of
assessing the impact of the technical solutions before the start of the project in order to avoid any
undesirable situations (anticipation dimension). Furthermore, in case that the current socioeconomic
situation changes, the port authorities should provide the mechanisms to adjust the design to the new
circumstances (responsiveness dimension).

The table below represents the summary of the actions for port authorities.

Actions Element Function Time-frame
Goal: development,
Port’s Economic emissions reduction
Development with . and preservation of .
. . Vision , Mid- to Long-term
respect to air quality and stakeholders’ values
stakeholders’ values through technical
solutions
- . Main sources of . .
Emissions inventory . Historic and Current
. emission
Emission levels and
objectives . .
o — Potential emission .
Emission projection . Forward Looking
trajectory
Low Emission Port | Available technologies Short- to Mid-t
. ort- to Mid-term
Technologies (LEPT) that can be used
. . Emission reduction .
Technology and Emission reduction _ Short- to Mid-term
Mitigation potential potential of the LEPT

Exploration of
Circularity technologies with focus Short- to Mid-term
on opportunities

stakeholder Maximum possible
Stakeholder involvement satisfaction of the Short- to Mid-term
values ,
stakeholders’ values
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Stak'e.holc.jer Enhance participation Forward Looking
participation
Overall cost of the

Mitigation actions . . .
g implementation of the Short- to Mid-term

cost

LEPT
Finance and Institutional . . Funds to support the Current and forward
Financial support . ) .
arrangements implementation looking

Responsibilities of
. Institutions for the .
Institutions . . Short- to Mid-term
implementing

technologies

Table 7 Synopsis of the main actions and their analysis

3.3 The planning cycle

This subchapter contains information about the planning cycle. The planning cycle is a project
cycle providing guidelines for technologies that reduce the emission footprint. It is developed by the
combination of the substantive and process theories explored. It consists an intermediate step between
the theoretical exploration and the final decisionmaking tool. However, not all of its stages are related to
the decision making and thus, it is examined which of them are useful for the development of the tool.
The relevant ones will compose the framework as a building block of the tool.

The development of the planning cycle is analytically presented in Appendix C. According to the
subchapter 1.6, the developmentis divided into two main steps, the high level design and the low level
design. The high level design uses the information of the subchapter 2.1 and 3.2. It describes the main
stages as well as their sequence. The main stages that were found are the Vision, the Stakeholder
Involvement, the Technology and Mitigation, the Finance and Implementationand finally the Monitoring.
The sequence of the stagesis the one presented. The Monitoring stage provides the Vision stage withthe
importantfeedback. Thus, it can be consideredas a closed loop project cycle. Finally, the lowlevel design
describes the detailing of each of these stages in termsof guidelines. The information found inthe process
matters theories (subchapter 2.2) as well as the content of the actions for port authorities are combined
in this step. The results of the development are presented below.

3.3.1 Stages and their content
Vision

The first stage is the Vision. The Vision descries the process of formulating the strategic goal by
the port authorities. The strategicgoal includes the implementation of technologies that can helpinthe
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reduction of the emission footprint of the shore-operations. They could be more general such as “reduce
by 10% the emission footprint of the shore-operations” or more specificsuch as “decrease the emission
footprint at the terminals and offices by focusing on the technologies that can enhance the circularity
factor”. By takinginto accountthe diverse character of ports, itis difficult to set aspecificvisionforall the
ports and thus, the selection of such goals should be based on the past reports and strategies based on
the opportunities that are present at a specific moment of time.

StakeholderInvolvement

The next stage of the planning cycle is the Stakeholder Involvement. This stage includes all the
relevantinformation concerning the stakeholders that were metin the theoretical exploration.First of all,
the stakeholders that are related to the technology implementation should beidentified. Usually, because
of the large number of stakeholders actingin the port environment, the analysis should focusnot on every
stakeholder separately but on groups of stakeholders which have similar interests. The process can
become simpler when dividing the stakeholders into four big groups, the port authorities, the public
sector, the private sectorand the organisations &institutions. In such a way it becomes easierto identify
which are the stakeholders by assigningthemto one of these fourgroups. Examples of stakeholders are
the shareholders, the administration, the port users, the scientific institutions, the government
organisation, the local authorities, the national regulators etc. The next step is to categorise the
stakeholders based on their involvement in the technology choice. The direct stakeholders are the
stakeholders that participate in the decision making process and conclude in the most appropriate
technology to be implemented. The indirect stakeholders are the ones that is expected to be influenced
by the technology implementation. The next step is to identify the values of the stakeholders (both
fundamental values and their relevant value objectives). According to Keeney, these values should be
structured into a values-tree (dendrogram) so the decision makers can have a visual perspective of the
situation. The final partis the identification of the importance of the values.

The main goal of this stage is to enhance the technology acceptance by puttinginto the decision
makingtable the values with theirrelevantimportance as decision criteria. The satisfaction of the values
at the maximum possiblelevelcan enhance the dedication and thus, the participation of the stakeholders
inthe technology selection, implementation and operation. Inaddition, this process may reveal possible
value conflicts among the stakeholders. That can be achieved by the possible absence of indirect
stakeholders’ values in the decision making process or the large differences in the importance of the
values as decision criteria. These conflicts can be minimized by the use of trade-offs and synergies.

Technology and Mitigation

The next stage of the planning cycle is the Technology and Mitigation. This stage describes the
information that are related to the technologies and their mitigation potential. To begin with, the port
authorities need to identify the circularity opportunities not only in the port but also in the port area.
Specifically, the authorities should perform research in order to find the available resources that can be
used by technologies that reduce the emission footprint of the shore-operations. This research should
followthe 3R principles (reuse —reduce —recycle) asdescribed in the subchapter3.1. Anotheraspect of
this stage is the identification of the emission footprint based on the emissions related to the vision set.
The current emission footprint can help the port authorities to realise the reduction impact of the
technologies to be implemented.
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Another aspect of this stage is the identification of the Low Emission Port Technologies. Three
main criteria should be used by the port authorities in order to identify these technologies. Firstly, they
should contribute in the vision set as described inthe first stage. Secondly, they should contribute in the
emission footprint reduction of the shore-operations. Thirdly, if possible, to contribute in the circularity
opportunities identified. Moreover, the assessment of the impact that these technologies have on the
values identified is important to be examined. For that assessment, the qualitative of each of the
technologies can be used. Finally, based on the technologies found, the final evaluation should take place
which results in the selection of the most appropriate technologies. The evaluation should have as
decision criteria the stakeholders’ values assigned with a weight based on their importance. Finally, the
emission footprint projection can reveal the mitigation expectations from the implementation of the
chosen technology.

Finance and Implementation

This stage is divided into two main parts, the finance and the implementation. The finance
containsthe extended economicanalysis of the overall cost of the actions that need to be takenin order
to meetthe goals (e.g. technology installation, maintenance etc). Anotherimportant aspect of this pillar
is to identify possible sources of financing. The funding will be used for the implementation actions. The
implementation actions can be divided into three main parts, the preparation for the implementation
(analysis of the existing situation in sociotechnical terms), the installation of the technology chosen, and
the testing of the operation should be according to the standards that describe the technology (Painuly
J.P., 2002).

Monitoring

Monitoringisthe last stage of the loop. It describes the observation and analysis of the results of
the technology implementation notonlyintermsof its performance butalsointerms of acceptance and
issuesrelatedtoits operation. During the evaluation, also the finance and implementationissues should
be examined. Through the monitoring, it becomes clear whetherthe initial vision and its relevant targets
have been achieved or a new effortis needed.

Additional Information

There are some information that do not refer to specific stagets but on the overall process and
thus, they should be presented separately as additional information. This information concerns the
dimensions of Stilgoe. The inclusion dimension (minimization of value conflicts) is already described in the
Stakeholder Involvement content. The other three dimensions should be taken into account when
applying the planning cycle. Specifically, according to the Reflexivity, the stakeholders should exchange
the data for theirvalues as decision criteriaand theirimportance. Regarding the Anticipation dimension,
the analysis of the impacts should be examined before any decision made. Finally, based on the
Responsiveness dimension, if any change in the current situation concerning the vision, the stakeholders,
theirvaluesorthe available technologiesis occurred, then the situation should be reassessed by starting
from the relevant with the changes stage.
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Monitorin Stakeholder
- involvement

Finance & Technology and
Implementation Mitigation

Figure 8 Architecture of the Planning Cycle

As indicated by the previous analysis, the main guidelines of each of the stages is presented below:

Vision
Formulating goals related to technologies selection and implementation that:

e reducethe emissionfootprint of the shore-related port operations
e respectthe stakeholders’ values

Stakeholderinvolvement

o |dentification of the relevant stakeholders

e Categorization of themaccordingto theirinvolvement (direct orindirect)
o |dentification of stakeholders’ values

e |dentification of the level of importance forthesevalues

e Identification of possiblevalue conflicts

o Dealingwiththese value conflictsin orderto enhance participation

Technology and Mitigation potential

e |dentification of circularity opportunities

e |dentification of currentemission footprint

e |dentification of the available Low Emission Port Technologies

e Assessmentof the impact of these technologies

e Comparisonand evaluation of the technologies and selection of the most appropriate
e Emissionfootprint projection

Finance & Implementation

e Identification of the overall cost

e Identification of the sources of funding

e Preparationforthe installation of the technology chosen (sociotechnical)
e Installation of the technology chosen

o Testing of the operation of the installation
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Monitoring

e Evaluationonthe results of the implementation (whether the main goals of the vision have
beenachieved)
o Assessmentfeedbackto help the formulation of new strategicgoals

3.3.2 Practical and theoretical issues

At this subchapter it is examined whether the planning cycle can address the practical and
theoretical issues that are mentioned in the first chapter. These issues refer to the decision making
process.

Practical issues

e Port’s emission footprint reduction

The solution for this issue is indicated by the Vision and Technology & Mitigation stages. The
strategic goal describes the use of technologies in order to reduce the emission footprint of the ports’
shore operations. Moreover, the selection of the available technologies that can participate in the
evaluation phaseis based on their capacity to reduce the emission footprint. The operation of the chosen
technology can address the issue.

e Involvement of all the stakeholders in the decision making which can lead to a more responsible
decision

The involvement of the stakeholders in the decision making is described by the Stakeholder
Involvement stage. This stage highlights the importance of the participation of all stakeholders in the
process. The involvement is achieved by the inclusion of all the values of all the stakeholders in the
decision making process. Finally, the responsible decision is ensured by the presence of the four
dimensions of Stilgoe that are taken into account in the whole planning cycle process.

e Addressing of possible value conflicts among the stakeholders related to technologies selection and
operation

Thisissueissolved by the content of the Stakeholder Involvement stage. Specifically, in order for
this issue to be addressed, the use of trade-offs based on values is proposed.

e Increasing of stakeholders’ acceptance for the technology to be applied (including the public)

The goal of the planning cycle is to evaluate and choose the technology that satisfies the most the
values of the all the stakeholders without sacrificing any of them. In this way, the values satisfaction leads
to the increase the acceptance of technology.

e Use of energy/material waste in order to tackle the emission footprint issue

The use of waste in order to reduce the emission footprint is described by the content of the
Technology and Mitigation stage. The circularity opportunities in the port and port area are taken into
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account when deciding on the technologies. However, this may not always be the case as there might be
no circularity opportunities.

Theoretical issues

e Dueto ports’ complex and fast changing business environment, the current situation should be taken
into account and the flexibility to changes should be provided

The decision making process may providewithunreliable resultsin case that the complexand fast
changing business environment of ports are not taken into account. Thus, the input data should be up to
date. That can only be achieved by re-examining the situation every time a change occurs and by avoiding
the static input of data in terms of stakeholders, values and technologies that are used every time the
analysis is performed.

e lack of theoretical tool to address the stakeholders’ value conflicts

The theory that is used for the addressing of the possible value conflicts is the Responsible
Innovation. It proposes the trade-offs as the best way to achieve this. However, the theory does not
provide a specific tool that can perform these trade-offs. That is something to be further explored.
According to Keeney, the most common tool is a multi-criteria tool.

e Lack of literatureinformation related to the waste-use by technologiesin order to reduce the emission
footprint

This theoretical information is provided by the Circular Economy and more specifically from the 3
R principles (reuse — reduce — recycle). Based on these principles, the available technologies that
contribute to the waste-use and the reduction of the emission footprint can be identified.

e lack of literature information regarding howto choose the most appropriate technology basedon the
stakeholders’ point of view as a cumulative decision making approach that solves the practical issues

Based on the information presented above, the following stages of the planning cycle contribute
in addressing this theoretical issue: the Vision, the Stakeholder Involvement and the Technology and
Mitigation. The guidelinesthatare included in these stages can be used forthe final selection of the most
appropriate technology that reduces the emission footprint by taking into account all the stakeholders’
values, by minimizing the value conflicts, increasing the technology acceptance by the public and
minimizing the waste if possible.

3.4 Building block for the Decision Making Tool

Not all the stages of the planning cycle can be used in the decision making process. Specifically,
the stages of “Finance and Implementation” and “Monitoring” are not relevant with the selection of the
most appropriate Low Emission Port Technology. They referto stagessuch as the funding of the chosen
technology, guidelines regarding its installation etc. Thus, only the guidelines of the Vision, Stakeholder
Involvement and Technology and Mitigation stages can be used. For the shake of simplicity, the stage
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Technology the Mitigationis divided into more clear steps, the identification of the emission footprint and
the Low Emission Technologies and the Assessment and Final Decision. The framework is presented
below.

o Identification of Assessment and final
Vision Stakeholder Involvemnt s o
emission and LEPT decision

ereduce the emission eldentification of the eldentification of eAssessmentofthe
footprint of the shore- relevant stakeholders circularity impact of these
related port operations eCategorization of them opportunities technologies
erespectthe accordingto their e|dentification of eComparison and
stakeholders’ values involvement current emission evaluationof the
eldentification of footprint technologiesand
stakeholders’ values eldentification of the selection of the most
e|dentification of the available Low Emission appropriate
level of importance of Port Technologies eEmissionfootprint
thesevalues projection

e|dentification of
possible value conflicts

eDealing withthese
value conflictsinorder
to enhance
participation

Table 8 Framework for the development of the Decision Making Tool

The development of the planning cycle led to the identification of the absence of specific
theoretical information that should be used for the development of the decision making tool. The
guestions that arose are the following:

e  Which are the technologies (LEPT) that port authorities should examine and decide on the most
appropriate to be implemented?

e What methods can be used for dealing with stakeholders’ value conflicts?

e What tools can be used in order to help with data acquisition and processing?

The technologies are the mean to tackle the emissionissues. The methods to deal with the value
conflicts are associated withthe decision making process. The tools to deal withthe data are related both
to the technologies and the stakeholder involvement. The categories of technologies will be defined in
the next chapter. Regardingthe methods to be used, they should contribute towards the minimization of
the stakeholders’values conflicts by performing trade-offs. Finally, the tools should be used for the input
of the data (importance of the values), the technology comparisons / assessmentand the final decision.
The criteria for their selection are analyzed in the following chapter.
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Chapter 4: Decision Making Tool: Technologies, Methods, Tools and
Structure

The fourth chapter describes the development of the Decision Making Tool. The results of the previous
chapter (framework) revealed the need for further exploration in three fields: one related to the
technologies to be evaluated, one to the methods for dealing with values and one to the tools for data
processing. Thus, this chapter is divided into four parts. The first part contains the identification of the
Low Emission Port Technologies. The second part refers to the selection of the methods that are able to
deal with value conflicts. The third part is related to the selection of the tools that can be used for the
data acquisition and processing. Finally, the last part explains the decision making tool.

4.1 Low Emission Port Technologies

In this subchapter the specification of the Low Emission Port Technologies takes place. This
explorationis divided into three steps. In the first step, the general information about the low emission
technologies will be examined based on the information available in the literature. The second step
includesthe identification of the emission sources of the ports’ shore-operations and based onthem the
relevant categories of technologies that can tackle these emission sources. The selection of categories
instead of specific technologies can be explained by the following argument. The decision making tool
should be adynamictool. By setting specifictechnologies, itis not taken intoaccount the innovations that
may arise and the diverse character of ports with the changing business environment. The final step of
this exploration of the Low Emission Port Technologies contains the assignment of the quantitative criteria
of the Technology Impact Assessment theory to categories of the Low Emission Port Technologies.

To beginwith, inthe literatureas low emissiontechnologiesare considered the technologies that
significantly reduce not only the greenhouse gases, but also the air-borne pollutants such as partide
matter. These technologies should not be related strictly with renewable energy as their main source.
They can also use fossil fuels such as gas but they should include a range of key advance features that
contribute to the reduction of the emissionsin comparison with similar existing technologies. Examples
of such technologies could be in the field of electricity and power the supercritical pulverised fuel, the
waste heatrecovery, the hydrogen production and use of itin combined cycle andin the field of vehides
the electric, hybrid, propaneand hydrogen engines. (Australian Government - Department of Industry and
Innovation, 2016)

However, not all the low emission technologies can be applied at port level. Therefore, it is
necessary to analyse briefly the emission sources that can be identified in the port’s shore operations
which can provide aninsightregarding what technologies can be used. According to the research study of
the Green Port of Long Beach, the main sources of emissions are identified in the operations of the ships,
trucks, trains, cargo-handling equipment, harbour craftand energy use. However, the ships and harbour
craft as vessels are not part of this research study as they are not related with shore-related port
operations. On the other hand, the port of Long Beach does not have any passenger operations and
therefore itdoes notincludethe terminalsas emission sources. (Port of Long Beach, Cleanairaction plan,
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2016) Another emission source that should be taken into account is the dry bulk operations. These
operations that take place inthe port contribute to the emissions with particles and affect the air quality
(e.g.industrial minerals). (ESPO, Green Guide, 2012 ) Until now, the main sources of emissions identified
are the trucks, the trains, the cargo handling equipment, the terminalsand the energyuse. The trucks and
trainsthatare usedinthe ports forthe transportation of goodsusually use fossil fuels. The cargo handling
equipment such as yard tractors and cranes belong to the same category as they are also used for the
transportation of goods. The terminals and the offices consume fossil fuels for their heating and use
electricity fromthe country’s electricity grid. As the energy mix of the electricity generation at a national
level is linked with fossil fuels, the increase of consumption leads to the increase of the emissions. Even
though the results of it may not be realised in the air quality of the port area, however, it is conflicting
withthe low emission footprintidea (should not decrease the quality of airat another area) as described
in the first chapter.

The Low Emission Port Technologies that can be applied for the aforementioned emission sources
vary. The categorization of the technologiesis based on the emission source that needs to be tackled. In
orderto connectthe technologies with the emission sources, the information foundin the literature will
be used. According to Ecoport’s Green Guide, the main categories of technologies refer to the dry bulk,
energy efficiency and energy production. (ESPO, Green Guide, 2012 ) In addition, Norsworthy in his
research study mentions also the use of low emission (or even zero-emissionin some cases) machinery
for the port operations in order to reduce the emission footprint. The term machinery encompasses all
types of machines that are used for the port operations and use fossil fuels, evenif they produce motion
or energy (heat/ cooling/ electricity). Such machineries could be the cranes, trucks, trains, cars, cargo-
handling equipment etc. (Norsworthy M., 2015)

At this point it is important to connect these technology categories with the emission sources.
The categories of dry bulk obviously are related to the dry bulk operations which cause dust depression.
Usually dust contains thick particle matter (PM,,) which is considered as an emission. (ESPO, Green Guide,
2012 ) Examples of dry bulk that can be met in the port operations are the coal, the iron ore, industrial
minerals etc. (Port of Rotterdam, Dry bulk cargo, 2017). The category of low emissionmachinery is related
to the emission sources of trucks, trains, cargo handling equipment and terminal. The energy effidency
category refers to technologies that help the minimization of the energy waste by improving their
efficiency and thus, emissions are avoided to be produced. This category is associated with the terminals
and offices. Finally, the increasing need forenergy in the port could be coveredby the energy production.
The energy should be generated by renewable energy sources. An indication of these technologies per
category is provided in the appendix D.

Low Emission
Port

Technologies

]
[ [ [ |
Low emission o Energy

Figure 9 Categories of Low Emission Port Technologies

The last step contains the application of the quantitative criteria as they have been identified in
the subchapter 2.2.4 to the categories of Low Emission Port Technologies. The criteria refer to the
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economic criteria, the mitigation potential, the long term vision and the use of space. The economic
criteria contain information about the initial capital cost, the maintenance and operation cost (M&O cost)
and the payback time. However, payback time cannot be used in the dry bulk category as there is no
economic compensation from the application. For the case of technologies that belong to the energy
production category, the levelised cost of electricity (LCOE) should be adjusted as an indication of the cost
of the electricity generation. The mitigation potential criteria are related to the potential of the emission
footprintreduction from the technologyoperation. However, there are cases thatit might not be applied
as a general rule.Specifically, in cases of lowemission machinery and energy production categories, there
might be low levels of emissions to be emitted locally. However, these emissions should be at low level
and the overall emissions should be reducedin terms of footprint and the technologies do not contribute
at a highlevel. Therefore, forboth categories it should be mentioned what are the levels of emissions that
are emitted. The use of space is related to the minimum area needed for the technology to be
implemented. For the case of energy production, one more quantitative criterion should be adjusted
whichisthe energy generation perarea. Finally,the last criterionis the long-termvision as overall lifetime
of the technologies and can be applied to all the technologies. The information relatedto the quantitative
criteria is presented in the following table 9.

Low Emission Energy

Dry Bulk Machinery Energy Efficiency Production

- . . . Initial capital cost,
Initial capital cost, Initial capital cost,

... Initial capital cost, M&O cost,
Economic criteria M&O cost, M&O cost, .
M&O cost ayback time ayback time payback time,
Emission Emission
Mitigation Emission reduction, Emission reduction,
potential reduction Emission levels reduction Emission levels
emitted (if) emitted (if)
Long-term vision Lifetime Lifetime Lifetime Lifetime
Minimum area
Minimum area Minimum area Minimum area needed, energy
Use of space .
needed needed needed generation per

area
Table 9 Quantitative criteria per category of Low Emission Port Technologies in port

4.2 Methods for dealing with values

As mentioned in the previous chapters, the value conflicts in the planning and design phase
consista majorissue thatin some cases can cancel the technological artefact development or create alot
of unwanted interactions from stakeholders that believe they are affected in a negative way by the
technology development. Same wise, in ports, portindustrial areas and port cities where there usually are
a lot of different stakeholders with conflicting values, it is important to understand from the planning
phase what the situation is and ways that these conflicts can enhance the development of the
technological artefact without creating any kind of “resistance”.
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There are several ways to deal with conflicting valuesin orderto solve possible conflicts that may
arise which may cancel the projectitself or need a lot of effort from the various stakeholders until the
achievement of the final implementation. In subchapter 2.2.2 are mentioned some methods that deal
with value tensions such as win-winsituation, trade-offs, dominant value approach etc. In addition, it was
explained why the method of trade-offs is the most appropriate for the purpose of this thesis.

There are two ways of dealing with value conflicts regarding engineering design, the optimal
design and the non-optimizing design. The optimal design refers to the cases where the decision makers
tendto find the best or optimal design solution. Non-optimizing designis based on the argumentthat is
not always possible to optimize in the engineering design. As mentioned in the van de Poel’s paper, the
impossibility of optimizing in engineering is connected with the problematic definition of the design
problemsthatneedto be solved. Both optimal design and non-optimizing design shouldfocus on the case
of multiplecriteriavalue basedproblemsasinthe portareathere are alot of actors representing different
values. (van de Poel I., Values in engineering design, 2009)

4.2.1 Optimal Design

The optimal design approaches that deal with multiple criteria can be categorisedinthree main
methods, the efficiency and effectiveness, the cost benefitanalysis and the multi criteria design analysis.
The efficiency and effectiveness is amethodthat uses thesetwo measuresinorderto explore ifthe design
can fulfil its function. Being a measurement tool, the efficiency is defined as the ratio that an artefact
fulfilsafunction based on the effortrequired. More simply, itis the ratio of the outputresultin relation
to the input effort. The effectiveness is defined as the degree that the artefact can achieve the desired
result. Based on this approach the optimal designis the one that fulfils both the criteria of efficiencyand
effectiveness. However, this method is not the most appropriate to be used for the research goal of this
thesis as both the criteria are difficult to be measured and sometimes there might be conflicts among
them. Furthermore, this method focuses on technical and economicaspects of the design and is difficult
to define the efficiency and effectiveness of qualitative data. (van de Poell., Valuesin engineering design,
2009)

The second method is the cost benefit analysis. It is considered as a technique that determines
the evaluation criteriaforthe selection between different alternatives expressed inacommon unitsuch
as a monetary unit, labour use, time etc. The alternatives to be chosen should have expected benefits
greaterthanthe costs needed (Rodreck D., 2013). Moreover, withthis techniqueitis possible to introduce
gualitative criteriasuch as social values and ethical criteria but they should be expressed intoacommon
unit, for instance a monetary unit. However, this process may be proved controversial asit contains the
danger of subjective decision on the criteria to translate these qualitative values into a specific unit.
Another disadvantage of this technique is the lack of optimization in regards to multiple criteria as this
technique supports the design to be made based on a certain criterion. By taking into consideration a
port, the multiple stakeholders that are present express multiple criteria that need to be fulfilledin the
highestlevel. Thus, this method seemsto be insufficient to deal with complex socio-technical problems.
(van de Poel I., Values in engineering design, 2009)

The final optimal design method is the Multi-Criteria Design Analysis. According to this method,
several alternatives are directly compared to each otheron several criteria. Forinstance, different models
of cars can be compared based on some criteria such as cost, safety, fuel consumption etc. Usually this
method examines firstly the relative importance of the criteria and a weight is awarded to each of the
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individual criteria. The issues that may arise by this technique are related withthe ethical and social values
that, eventhoughtheycan beincludedinthe design, itis difficultto measure them with analytical tools
and therefore the calculation cannot be accurate and objective. (van de Poel I., Values in engineering
design, 2009)

Based on the aforementioned analysis, it can be concluded that all the methods are facing some
issues such as incapability to cope with multiple criteria (efficiency and effectiveness) or the absence of
tools to measure qualitative criteria. However, the method of Multi-Criteria Design Analysis can
contribute to the decision making tool even though the results may not be absolutely accurate.
Furthermore, itis notalways possible to use optimal designin order to deal with multi-criteria value based
problems. In addition, optimality cannot be reached as some problems do not match to Simon’s criteria
of a well-definedproblem (Simon H. A., 1973). Anotheraspect why optimality cannot be always achieved
isthat by nature some values are conflicting, forinstance, theeconomicvalues concerningthe installation
of on-shore wind turbine systems and the value of aesthetics of the local residents or the economicvalue
expansion of a port and the value of environmental protection. In such cases, it may be inevitable to
perform trade-offs so the method cannot be characterisedas optimal. Thereforeitisimportantto explore
the non-optimizing design methods.

4.2.2 Non-optimal Design

Asitwas mentionedbefore, optimality cannot always be achieved. Thus, itisimportant to explore
also non-optimizing design methods. There are three popular non-optimizing methods to be followed in
order to deal with conflicting values, the satisficing, the reasoning about values and the value sensitive
design.

The value sensitive design method was briefly analysed inthe second chapter (subchapter2.2.2)
and was rejected as an option. The method reasoningaboutvaluesis a non-calculative process wherea
philosophical analysis takes place and questions with relevant argumentation are created in orderto get
adeeperunderstandingonthevalues. Itisdividedin threestepswhereat the first one the decision maker
judges the value conflicts so as these valuesto be understood better. The second step includes the
argumentation forspecific conceptualization of thesevalues. The third step the identification of whether
there iscommon ground betweenthe conflicting values that might help to solve the conflict. This strategy
of reasoningis notthe optimumto be usedin the case of a decision makingapproach asit needs a lot of
time and effortto create argumentationanditis difficultto be realised ata more complex stakeholders’
environment which is the case of a port.

The last method isthe satisficing. According to this strategy, the alternative chosen fromalist of
possible solutions should bethe onethatis “good enough” for a particular case evenifitis not the optimal.
The decision makerbecomes a “satisficer” by setting threshold values and accepting any possible solution
that exceeds these thresholds. The threshold represents the minimum level that is good enough for the
specificvalueand any alternative that scores more than thiswill be accepted. Satisficing can be usedboth
for technical requirements and values. (van de Poel I., Values in engineering design, 2009)

For the case of this research study, the satisficing technique can be applied on the values of the
stakeholders which are used as decision criteria. Specifically, the technique can contribute to the
evaluation of the technologies by setting thresholds to the weighted values of the stakeholders. So the
technologies that score less than the threshold on specific criteria will be rejected. Apart from that
approach, the technique provides with the possibility of performing trade-offs. The trade-offs can be
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achieved when one of the two conflicting values exceeds the threshold and the other one does not. In
that case, the score of the value that scores better can be reduced to the limit in order to improve the
score of the second value. However, this process would have as a result a more complicated tool which
needs more intervention by the stakeholders and the decision maker. Thus, the first approach will be
used. The trade-offs will be examined in the tools exploration in the following subchapter.

Finally, after having described the most popular methodsto deal with conflicting valuesfor multi-
criteriavalue based problems, itisimportant to explain which of themwillbe used for this research study.
For the decision making approach, the satisficing technique willbe used in orderto setthresholds for the
technologies that can be accepted by the decision makerbased onthe weights of the values-criteria. The
method of multi-criteria analysis of the optimizing strategy will be used in order to evaluate the
technologies based on the specificvalues-criteria. The use of both strategies will be explained in the next
chapters.

4.3 Tools

The multi-criteria design analysis is the most appropriate option to be used for the decision
making tool and therefore the relevant theoretical tools will be explored in this subchapter. Although
there are several multi-criteriatool that can be foundin the literature, notall of them are suitable to be
used. Some of them represent highly specialized tools that solve very specific problems and are not
related to the purposes of this research study as they do not provide any flexibility to be adjusted on
guidelines of the planning cycle. Such tools are the Architecture Trade off Analysis Method (ATAM) and
the Nonstructural Fuzzy Decision Support System (NFDSS) that are used only for software development.
Othertoolssuch as Value Engineering (VE) are used only for solving industrial engineering problems. Some
other tools use algorithms that are not publicly available. Finally, some multi-criteria methods describe
general guidelines that are not related with the focus of this research study. (Weistroffer H.R., 2005) All
the methods found in the literature are presented in the appendix D.

Before analysing the tools that seems to be the most appropriate to be used for the development
of the Decision Making Tool, itisimportant to categorize thembased on the criteria thatfound duringthe
theoretical exploration andin the subchapter3.4. The first category refersto the tool that is needed for
the identification of therelativeimportance of the stakeholders’ values, knownalso as prioritisationtools.
The second category describes the evaluation of the technologies that can be implemented in the port
area. This evaluation should be ableto judge the technologies based on both qualitative and quantitative
information associated with the alternatives. Finally, the last category of multi-criteriatoolsis related to
the multi-criteria optimization tools that will be used forthe process of selecting the best alternative that
ismore suitable to be implemented at the specificmoment of time. The optimization tool should be able
to perform trade-offs based on the weighted values as criteria.

Regardingthe relative importance of the values (prioritisation methods) there are three suitable
tools that could be used, the Analytic Hierarchy Process (AHP), the Analytic Network Process (ANP) and
the Dominance-based Rough Set Approach (DRSA). The AHP tool describes the process where a set of
criteria (values) are compared pair wise in order to find the relative importance and thus the weight of
each of the criteria separately. The main advantages of this method are its flexibility, intuitive appeal to
the decision makersandits ability to check inconsistencies. However, there are some cases that ranking
irregularities can occur when two of the criteria that are compared have similarities in the context they
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describe. (RamanathanR., 2001) The ANP tool is amore general form of the AHP whereboth use a system
of pairwise comparisons to measure the weights. The main difference between themis thatin AHP all the
criteriaare consideredtobeindependent but ANP does not require independence among elements. The
main advantage is that it can describe betterthe real world situation. On the other hand, this makes the
process much more complicated to be used because it uses complicated stochastic super-matrices,
difficult vector and sensitivity analysis and as a result it becomes more difficult to be communicated to
the relevant parties that are going to use it. It consists a time-costly tool. (SaatyT., Theory and applications
of the Analytic Network Process: Decision Making with Benefits, Opportunities, Costs and Risks, 2005) The
final tool, DRSA, can be used also to rate the weights of the criteria and is based on the dominance
relations which, as described, is not the case of this thesis as it conflicts with the idea of responsibility.
(Greco S.,2001) Furthermore, thistoolisthe most complicated amongthe three and needs a lot of time
resources in order to be applied. Based on all the above information, AHP seems to be the best tool to
be usedforthe prioritisation of the valuescriteriaasitis simpleto be used, easy to be communicated and
provides flexibility.

Regarding the evaluation of the technologies based on certain criteria, there are three suitable
toolsfoundintheliterature, the Pugh’s matrix, the Evidential Reasoning Approach (ERS) and the Weighted
Sum Model (WSM) tool. The Pugh’s matrix compares different alternatives with a datum alternative on
the basis of some predefined criteria. The datum representsthe average orthe most common alternative
(technologies). The main advantage of thistool is that it reduces the influence of the subjective opinions
as the comparisons of one alternative versus another creates more objective results. Furthermore,
anotheradvantage is thatthe tool isappropriate for complexdecision making problems that contain alot
information asthereis no limitation on the number of the criteria and alternatives to be evaluated. Finally,
the Pugh’s matrix method requires no trainingand itis easy understandable.The onlydisadvantageis that
insome casesthereisaneedforassumptionsto be made related to the independence of the criteria used
forthe comparison. (BurgeS., 2009) The second tool is the Evidential Reasoning Approach. This tool does
not use the comparison forthe evaluation butrepresents an alternative option on a criterion. The matrix
thatitisusedis called belief decision matrix and every value on the table represents a belief distribution
(good, average, bad etc). The main difference with the Pugh’s matrix is that it does not compare the
alternatives butitevaluates each of them separately. Thatincreases the risk of subjective opinions. Also,
in case that the results of the belief distribution have the similar values, the results of the optimisation
tools may not be helpful for the decision making. (Wang Y.M., 2004) Finally, the last method is the
Weighted Sum Model. This method should be applied only in the case that all the data are expressedin
the same unit. The model should contain only quantitative information and therefore is not an option for
the purposes of this research study. (Triantafyllou E., 2000) The Pugh’s tool seems to be the most
appropriate tool to be used because of the advantages of flexibility, better objectivity and the possibility
to use a larger number of criteria and alternatives in cases that it is needed.

Finally, the last category isthe multi-criteria optimisation tools, known also as ranking methods.
The main tools found are the VIKOR, the Technique for the Order of Prioritisation by Similarity to Ideal
Solution (TOPSIS), the ELECTRE and the Preference Ranking Organisation Method for Enrichment of
Evaluations (PROMETHEE). All these tools are used in order to select the most appropriate alternative
based on certain weighted criteria and are associated with the compromise for conflict resolution by
allowingtrade-offs which consists animportant aspect of thisresearch study. In all the methods, the input
criteria could be conflicting and non-commensurable (different units). Furthermore, thereis no restriction
to the number of criteriaand alternativesto be used. Finally, all the methodsare using similaralgorithms
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and are having similar advantages and disadvantages. Based on research made by the Opricovic for the
comparison of thesefourtools, itis concluded that the VIKOR, ELECTRE, PROMETHEE gave identical results
and TOPSIS slightly differentin the case of using stochastic data (randomness) which is not the case for
this research study. On the other hand, TOPSISis considered as the most commonly used method because
of its simplicity related to the othertools and its flexibility to apply a number of criteriaeven duringthe
decision phase. (OpricovicS., 2005)

The tools (AHP, Pugh’s matrix, TOPSIS) for decision making that will be used for the decision
making process of this research are knownin the literature as the “Triptych”. They are used in different
stages of the decision makingprocess. Thereisalso aninteraction betweenthe tools as the output of one
tool is the input to another. The triptych was developed in 2000 and is widely used to support
methodologies for product development (Chollar G. W., 2010). In order to avoid any confusion with
decision makingtool which consists the main product of this research study, these tools will be referred
as sub-tools.

4.3.1 Analytic Hierarchy Process (AHP)

The AHP is a structured multi-criteria analysis technique for complex decisions and is widely used
around the worldin fields such as government, industry, healthcare, universitiesetc. It was developed by
Thomas Saaty in 1970s. It is divided into four steps. The first step contains the decomposition of the
decision making problem into a hierarchy and identification of the criteria. For this research study, the
criteriaare the values of the stakeholders. The second step describes the pair-wise comparisons foreach
criterion and the creation of a matrix based on the judgements made by the stakeholders. Forthisstep a
scale should be selected that explains the degree of preference. The third step includes the normalization
of the resulting matrix and the calculation of the weighted average rating for each criterion. The fourth
and final stepis the evaluation of the consistency of the judgementsin orderto ensure that the original
preference ratings that have used forthe weights were consistent. This step is based on calculations that
are made in order to measure the eigenvalue, the deviation from the Consistency Index (Cl), Random
Index (RI) and finally the Consistency Ratio (Cr). According to Saaty the Cr factor should be smaller than
0.10 with 0.12 to be the highervalue to be accepted. In case the price is higherthan 0.12, a new research
regardingthe judgments made should be performed. (Saaty N.L., 1991) More informationis presented in
Appendix D.

4.3.2 Pugh’s matrix

The Pugh’s matrix, also known as Pugh method or Pugh analysis or decision matrix tool, is a
decision making sub-toolthat helpsto determine which potential solutions are better than others related
to a problemand based on certain criteria. It was developed by Stuart Pugh in 1985 and is considered as
a qualitative techniquethat help engineers to obtain stakeholders’ input, to identify the ranking of these
solutions and quantitate the qualitative judgements. The criteria that are used for the ranking can also
contain weights. (Burge S., 2009) This sub-tool is based on the preparation of a matrix with rows to
represent the criteria (values) and columns to represent the different alternatives (technologies) to be
evaluated. One of the alternatives is chosen as a datum against which all the other alternatives will be
compared and judged. The datum represents the most commonly used alternative. The scale that
indicates whetheran alternativeis better,equivalent orworse isthe “+”, s, “-“, which is proposed by Pugh.
So, in case one alternative is betterthan the datum, it takes the “+” symbol. The sub-toolis considered to
be time-efficient when a number of 12 alternatives are compared based on 22 criteria. It can cope well
with larger numbers, but it is more time consuming and there is an undermined risk of confusion.
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Accordingto Pugh, it isimportantto be mentioned that “the matrix does not make the decisions
but it is a procedure for controlled convergence onto the best possible concept (alternative), and is not
composed for absolutes in mathematical sense” (Commitee on Theoretical Foundations for Decision
Makingin Engineering Design, 2001). Finally, Pugh’s matrixis considered atool that presents weaknesses
and is not always appropriate for taking final decisions. Therefore, the optimisation sub-tool should be
used which will also contain the execution of trade-offs. (Burge S., 2009) The step by step procedure of
the sub-tool is presented in Appendix D.

4.3.3 Technique for Order of Prioritisation by Similarity to Ideal Solution (TOPSIS)

The TOPSISwas introduced in 1993 by Hwang, Lai and Liu. It isan algorithm that was developed
in order to solve goal based multi-objective decision making problems. It compares a list of alternatives
based on certain weighted criteria, by normalising the scores of the alternatives for each of the criteria
and then calculating their geometrical distance from the possible ideal solution and negative ideal
solution. The mainideabehindthisalgorithmisthat the chosen solution should be close to the possible
ideal solution and away from the negative solution. This method provides a compromised solution for
problems that have multiple objectives which cannot be optimized easily because of conflicts between
these objectives. Simply, it allows trade-offs. The criteria’s goal are analysed based on two dimensions,
the maximization or the minimization depending on the nature of the criteria what the goals of the
research study. For the use of this method the criteria of evaluation of the alternatives should be
consideredindependent. According to the TOPSIS theory, a statistical significant difference is considered
the 0.025. In casesthat the difference of the score between the firsttwo technologiesis less than 0.025,
then both of the technologiescan be used and the decision maker can choose which one of them. (Hwang
C.L. L. Y., 1993) The steps of the sub-tool are explained in detail in Appendix D.

4.4 Decision Making Tool for Low Emission Port Technologies

This subchapter contains information about the decision making tool. The decision makingtool is
a ten-step approach that provides specific guidelines and sub-tools that can assist port authorities to
decide on a technology among various alternatives. As decision criteria are used all the values of the
stakeholders. The technology chosen can reduce the emission footprint of the shore-operations of the
port. It consists adynamictool. Considering the diverse character of the ports, their fastchanging business
environmentas well as the innovations concerning the low emission technologies, this tool has no static
data-input. Itreacts with the business environment and provides with the best technology choice related
to the values of the stakeholders at a specific moment of time. The chosen technology is the one that
satisfies the most all the stakeholders’ values. This fact minimizes the risk of technology “resistance” and
enhances the participation of the stakeholders during the implementation and operation phases. In
addition, it consists a flexible tool as the change at a stakeholder’s values, change of the importance of
the values or the introduction of a new technology can be introduced to the tool without affecting the
rest of the data retrieved. Finally, it gives the port authorities the opportunity to focus on specificamong
various emission sources.

The development of the decision making tool is analytically presented in Appendix D. The
guidelines of the developed framework thatis presented in subchapter3.4are used are used as the main
building block. Moreoverthe theoretical gaps of the framework are covered by the information found in
this chapter (LEPT, methods for dealing with values and sub-tools). Regarding the technologies, the
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categories of technologies with their relevant emission sources are presented in the first step. The
methods chosen are the multi-criteria design analysis and the satisficing. The sub-tools are the AHP, the
Pugh’s matrix and the TOPSIS which performs the trade-offs. The sequence of the steps was developed
based onthe followingidea: the output of the previous stepis the input to the next. However, the process
of identificationof the stakeholders and values and the LEPT can be performed in parallel. Concerningthe
sub-tools, a five point scale was selected to be used. This scale is proposed by Pugh for the cases of

qualitative-datainput. Finally, the AHP and Pugh’s matrix sub-tools are using Excel for their calculations.
The TOPSIS algorithm was developed in python (code can be found in Appendix E).

4.4.1 Ten-steps decision making tool
The ten step-by-step approach of the Decision Making Tool is the following:

Step 1: Setspecificvision based onthe categories of the Low Emission Port Technologies

Step 2: Identification of all the relevant stakeholders

Step 3: Identification of theirvalue objectives

Step 4: Use of AHP sub-tool toidentify the importance of the values

Step 5: Creation of emission footprintinventory forthe relevant to the vision emission sources
Step 6: Identification of the Low Emission Port Technologies that can be applied

Step 7: Satisficing

Step 8: Use of Pugh’s matrix sub-tool in orderto perform the Technology Impact Assessment
Step 9: Use of TOPSIS sub-tool forthe final decision

Step 10: Emission footprint projection

4.4.2 Explanation of the steps of the tool
Step 1: Setspecificvision based on the categories of the Low Emission Port Technologies

The vision to be set by the port authorities should be based on the categories of Low Emission
Port Technologies. The categories of these technologies address different emission sources. The table
represents the situation.

Low Emission Port Technologies Emission sources
Dust dispersion (coal, iron ore, industrial minerals
Dry Bulk
etc)
. . vehicles, trains, cargo-handling equipment,
Low Emission Machinery g . gequip
terminals
Energy Efficiency Terminals, Offices

Electricity produced from fossil fuels (combustion

in the port or grid (energy mix))
Table 10 Architecture of the Planning Cycle

Energy (electricity) Production
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Step 2: Identification of all the relevant stakeholders

This step contains the identification of the stakeholders that either influence or get affected by
the decision concerningthe technology. Based on their participation, the stakeholders should be divided
into direct and indirect. The direct are the ones that participate directly in the decision making process
and usually are shareholders. The indirect are the ones that do not participate in the decision making
process but are affected by the decision. An example of such situation isthe following. The port authorities
decide onthe selection of the technology (profit, reduction of emissions), the users of the portas well as
the residents are affected by the technology implementation and operation (use of land, employment).
By dividing the results into these two categories (direct and indirect), it is possible to understand better
the possible conflicts in the next steps, where the weights of the values will be revealed.

Information that can help the stakeholders’ identification:

e The process can become simpler when dividing the stakeholders into four big groups, the port
authorities, the public sector, the private sector and the organisations & institutions

e Thendivide into more specificgroups such as: shareholders, administration, port users, scientific
institutions, government organisations, local authorities, national regulator etc.

Step 3: Identification of the value objectives

This step describes the identification of the value objectives. As far as the fundamental valuesis
concerned, theiridentification is provided by the literature. Such values can be found in the analysis of
the ports of Rotterdam, Long Beach, Los Angeles and Piraeus. The basicfundamental values found are the
economic growth, the environmental protection, the society improvement, the accessibility and the
safety. Regarding the value objectives, theyshould be identified by the stakeholders based on the idea of
dynamicinput of data. The value objectives consist the decision criteria that the stakeholders use for the
technology selection. A questionnaire is used in order to take as input these values. A list of value
objectives found in the literature is provided to them. In addition, they are free to reply to this
guestionnaire with the value objectivesthat they use when deciding on a technology evenif it is not
included in the list given. Finally, the value-tree should be designed. An example is the following figure
with three fundamental values and their relevant value objectives.

List of Value-objectives

income, profitability, productivity, efficiency, competitiveness, circularity, employment, synergies,
externalsafety, health risks, emissions, livability, social stability, energy security, capacity, availability,
aesthetics, longevity, use of space, entrepreneurship

Table 11 List of value objectives provided
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Profita bility
Economic
Growth

Energy Environmental o
! : e Emisisons
Production protection
Health Risk
Safety
External Safety

Figure 10 Example of a values-tree

Step 4: Use of AHP sub-tool toidentify the importance of the values

The AHP contributesin theidentification of the weights of the relevant fundamentalvalues. These
weights express the importance that the fundamental values have as criteria for decision making for each
of the stakeholders. A questionnaire is used in order to collect the data from the stakeholders. This
guestionnaire contains the comparisons among the fundamental values that the stakeholders have to
reply. When all the stakeholders reply this questionnaire, the method will provide the weights of the
fundamental values. Accordingto AHP, a 5 point scale should be used. An example of aquestion and the
relevant scale is presented below:

Question:
Do you believe that economicgrowth is more important than environmental protection?
e Much lessimportant
e lessimportant
e Sameimportance
e More important
e Much more important

Scale:
. 1
Much less important: —
10
i 1
Less important: E
Equal importance: 1
More important: 5

Much more important: 10

An example of the reply of all the questions for each of the stakeholders is presented below:
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Environmental

Economic growth . Safety
protection
Economic growth 1 5 0.2
Enwronmgntal 0.2 1 1
protection
Safety 5 1 1

Table 12 Example of an AHP table

Then, by usingthe averages of all the stakeholders’ replies, the process as explained in Appendix
D leads to the final results (weights). An example of weights is the following:

Fundamental values Overall weights
Economic growth 2.38
Environmental protection 1.85
Safety 2.82

Table 13 Example of weights of fundamental values

Thenthe weights are assigned to the value objectives according to the method presented in Appendix D.

Value objectives Overall Direct participation Indirect participation
Profitability 1.19 1.44 0.87
Synergies 1.19 1.44 0.87
Emissions 1.85 0.94 0.67
Health Risk 1.48 1.50 1.46
External Safety 1.48 1.50 1.46

Table 14 Example of weights of value objectives

Step 5: Creation of emission footprintinventory forthe relevant to the vision emission sources

In thisstep the emissioninventoryis built relatedto the emission sources of the chosen category
of technologies. For instance, in the case that the chosen LEPTs are related with the energy (electridty)
production (covering part of the consumption of the shore-related operations), the emissions inventory
will be based on the energy mix of the grid which is usually the provider of electricity. Other case is the
emissions of the machines that are used when exploring the technologies related to Low Emission
Machinery etc. Such an inventory could be the following.

. . Type A Type B Annual Type A  Annual Type B Total
Emission type
P (g/kWh) (g/kWh) (tn/year) (tn/year) (tn/year)
SO, 35 12 2,800 960 3,760
co, 1200 520 96,000 41,600 137,600
NO, 3 1.2 240 96 336
PM 0.2 0.6 16 48 64

Table 15 Example of emission footprint inventory
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Step 6: Identification of the Low Emission Port Technologies that can be applied

Regardingthis step, two main analysis should take place. The firstone refers to identification of
the circularity opportunitiesinthe portareabased onthe Low EmissionPort Technology categorychosen.
The literature orfield research should take place in orderto explore whether there are technologies that
can be used in order to realise one of the three R’s (reuse —reduce —recycle).

Reuse:technologies that use energy / materials forthe same purpose for which they were conceived
and reduce emissions (e.g. Heat exchangers, batteries to store excess of electricity (energy recovery))

Reduce:technologies thatreduce the energy / material use and at the same time reduce the emissions
(e.g. more efficientappliancesin the terminals, more efficient low sulphur enginesin the trucks etc)

Recycle: technologiesthatuse energy / material in reprocessingin orderto reduce emissions (e.g
biogas, biomass)

Based onthe availabletechnologiesin the market and on the resultsof the research for circularity
opportunities, the final list of technologies that can be implementedis provided. The quantitative criteria
of these technologies with the relevant available legislation are important to be identified. The following
table provides with the data that should be examined per category of Low Emission Port Technologies.

Low Emission . Energy
Dry Bulk ) Energy Efficiency .
Machinery Production
. . Initial capital cost, Initial capital cost, [niftel 22 prE e,
. Initial capital cost, M&O cost,
Economic criteria M&O cost, M&O cost, .
M&O cost . . payback time,
payback time payback time
LCOE
Emission Emission
Mitigation Emission reduction, Emission reduction,
potential reduction Emission levels reduction Emission levels
emitted (if) emitted (if any)
Long-term vision Lifetime Lifetime Lifetime Lifetime
Minimum area
Minimum area Minimum area Minimum area needed, energy
Use of space .
needed needed needed generation per

area
Table 16 Quantitative criteria per LEPT category

Step 7: Satisficing

The satisficing technique consists the preparation forthe final comparison and evaluation of the
technologies. It takes into account the results concerning the importance of the values (weights) as found
in step 4. Based on these weights, the decision maker sets thresholds. These thresholds refer to the
minimum score acceptance that a technology should have in the Pugh’s matrix table. In case that the
score islower, thenitis not accepted. For the scores, a scale is used, usually the following: “--“, “-“, “s”,

7 7
ow,n u

+”, “++”. The judgementis performed by the decision makeron the fundamental values and affects the
value objectives. At this step the different scores between the directand indirect stakeholders are taken
into account. An example of such thresholds is presented in the following table.
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Direct

Indirect

Overall weights stakeholders stakeholders Thresholds
Economic growth 2.38 2.84 2.01 “u
Environmental
. 1.85 1.75 1.93 no
protection
Safety 2.96 3 2.92 v

Table 17 Example of Satisficing table

Step 8: Use of Pugh’s matrix sub-tool in orderto perform the Technology Impact Assessment

This step contains the evaluation of the technologies compared witha datum technology with the
use of the value objectives as decision criteria. As datum usually is selected the most widely used
technology. The evaluation uses the same scale with the Satisficing method of step 7 and the qualitative
data foundinstep 6. The columnimpactrefers to the value objective. It can be either positive or negative.
For instance the profitability is desirable and therefore has a positive impact. On the other hand the
emissionsis undesirableand has a negative impact. The impact will be includedin the TOPSIS (next step).
In case the impactis negative, the input in the table is inverted (e.g. “-“ becomes “+”). An example is
presented below. Also, at this step the thresholds set in the previous step are applied. There might be

technologies that are rejected as they do not pass the previous score.

PV Wi.nd biomass impact

turbines
Profitability “ s positive
Synergies S ! positive
Emissions S " negative
Health Risk “ “ negative
External safety “u“ “u positive

Table 18 Example of Pugh’s matrix

Step 9: Use of TOPSIS sub-tool forthe final decision

In this step takes place the final evaluation and decision of the technologies. The TOPSIS sub-tool
performs trade-offs and has as an output the solution that satisfies at the maximum possible level the
decision criteria (value objectives) including their weight. The input of the tool isanumberand therefore

the above scale should be translated:

“.>
“ >3
s >5
“W > 7

II++II 9 9



The tool inputforthe above exampleis presented in the following table with random numbers.

Criteria Name Weights Impact PV Wind Turbines Biomass
Profitability 1.19 positive 5 7 5
Synergies 1.19 positive 5 5 7
Emissions 1.85 negative 5 5 3
Health Risk 1.48 negative 5 7 7
External Safety 1.48 positive 5 3 3

Table 19 Example of input in the TOPSIS tool

An example of results could be the following.

Technology Score

PV 0.488

Wind turbines 0.433
Biomass power plant 0.412

Table 20 Example of results of the TOPSIS tool

Step 10: Emissions projection

Finally, thelast stepcontainsthe emission projection of the most appropriatetechnology. In order
to calculate the emission projection, the contribution of the new technology is extracted from the existing
emission footprint inventory identified in the step 5.

Overall
.. Existing situation Future situation Reduction reduction at
Emission type .
(tn/year) (tn/year) annually (%) lifetime (tn/20

years)

SO, 3,760 3,370 10.3% 7,800

Cco, 137,600 115,000 16.4% 452,000

NO, 336 297 13.1% 780

PM 64 53 17.2% 220

Table 21 Example of Emission projection table

4.4.3 Main assumptions

The non-deterministic nature of socio-technical value based problems explains why the
developed tool may not be the only possible one or the most efficient. The application of the decision
makingtoolisinfluenced by the assumptions that have been made during the development phase. At this
section the assumptions are presented so as the future researchers can analyse how these assumptions
are influencing the results of the tool and whether possible replacements / adjustments to the tool can
be made in order to improve the reliability and the decision making accuracy.

Assumptions:

o The stakeholders to be found are considered to be completely independent

e Thestakeholders’ powerof interventioninthe decision making processis considered to be equal
e Fundamental values and value objectives are assumed to be independent from each other

e Value objectives are treated equally (compared to their relevant fundamental value)
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4.4.4 Decisions scheme for each step

The following figure shows the steps of the decision making tool, what decisions are taken, how and by
whom.

step 1 Set specificvision based on the categories of the Low Emission Port Technologies
What Sele ction of a LEPT cate goryto be examined (out of 4 cate gories)
How Shore-related emission sources that need to be addressed
Who Port Authorities
step 2 Identification of all the relevant stakeholders
What Ide ntification of the stake holders and categorization of them into direct and indire ct
Fiii Find the stakeholders that are participating in the decision making proce ss and those that are affe cted
by the technology implementation. Focus on groups of stakeholders
Who Port Authoritie s
step 3 Identification of the the value objectives
What No decisions to be made (proce dural step)
How Use of questionnaire fordata input
Whao Port Authorities, Stakeholders
step 4 Use of AHP sub-tool to identify the importance of the values
What No decision to be made (procedural step)
How Application of the AHP sub-tool
Who Port Authaoritie s
step 5 Creation of emission footprint inventory for the relevant to the vision emission sources
What Mo decision to be made (procedural step)
How Emission sources analysis related to the chosen LEPT category and creation of the inve ntory
Who Port authrotie s - organisations [ institutions / companies that provide knowle gde
step 6 Identification of the Low Emission Port Technologiesthat can be applied
What LEPT available in the market (with analysis of their quantitative data)
How Exploration of good practises f technologies that reduce the footprint of the chosen emission sources
Who Port authroties - organisations / institutions / companies that provide knowle gde
step 7 Satisficing
What Thresholds as preparation for the evaluation of the LEPT
How Based on the weights of the values provided bythe AHP analysis
Who Port Authaoritie s
step 8 Use of Pugh’s matrix sub-tool in order to perform the Technology Impact Assessment
What Evaluation of the LEPTs through comparison
How Expert{s) with the use of the Pugh's matrix (quantitative data found instep 6are taken into account)
Who Experts - organisations f institutions / companies that provide knowlegde
step 3 Usze of TOPSIS sub-tool forthe final decision
What Selection of the most appropriate LEPT
How Re sults of the TOPSIS tool (based on the scores of each LEPT)
Who Port authroties - organisations / institutions / companies that provide knowle gde
step 10 Emission footprint projection
Wh at No decision to be made (procedural step)
How Calculations on the impact of the chosen technology to the e mission footprint
Who Port authroties - organisations / institutions / companies that provide knowle gde

Table 22 Ten-steps decision analysis
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Chapter 5: Application of the Decision Making Tool to Piraeus port

In this chapter takes place the application of the developed Decision Making Tool to Piraeus port.
Specifically, this chapter contains the information foundduring the application of the tool for each of the
ten steps of the tool. Also, the information regarding the Piraeus port and the stakeholders that are
involved are presented. The main goal of this application is to provide an insight to the processes and the
possible issues of understanding.

5.1 Vision, assumptions and data management

The firststep of the Decision Making Tool to be appliedisthe vision. Also, the main assumptions
used and the data managementare mentionedinthis subchapter. Although the research on the port of
Piraeus and the port area was deep, it cannot be considered as a case study but as an illustration study
because of the assumptions that were made regarding the stakeholders’ analysis and the randomness of
the selection of the participants in the survey that helped with the data gathering and processing.

5.1.1 Step 1: Vision for the case of Piraeus port

To begin with, the Decision Making Tool should be applied for a specificvision. This vision should
be based on the categories of Low Emission Port Technologies (dry bulk, low emission machinery, energy
efficiency, energy production). In order to meet the scientific content of the MSc Sustainable Energy
Technology, the vision of this illustration focuses on the energy production category. It is set as
“Implementation of renewable technologies for electricity generation that can reduce the emission
footprint of the Piraeus’ shore-operations”. The renewable technologies that generate electricity are
included in the category of solutions referred as “energy production” as part of the Low Emission Port
Technologies.

Currently, the port of Piraeus with an exception of a small PV system, uses the energy from the
energy mix of the country which depends on fossil fuels at a level of 50%. The low-emission energy
generation is not going to affect directly the emission levels of the port area, but it can help reduce the
overall impactas describedinthe first chapter by the term “emission footprint”. Also, the port of Piraeus
has plans to implement on-shore based measures so as ships could use electricity in the port instead of
their engines which will increase the electricity consumption. (Piraeuspress, 2016) The renewable
technologies can provide part of this energy needed.

5.1.2 Data management

The data are retrieved by the use of two methods, the information published online and the
guestionnaires. The online information can be found not only from the original website of the port, but
also from numerous additional websites related to administrative, technical and economicfeatures. This
information helps in the identification of the relevant with the vision stakeholders. As far as the
guestionnairesare concerned, three different questionnairesare used: forthe identification of the values
objectives (values-tree), for the weighting of the values (AHP sub-tool) and for the evaluation of the
technologies (Pugh’s matrix). The participants, theirrole and the relevance with the research topicas well
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the questionnaires themselves can be found in the appendix E with the reference of this information to
be called during the different stages of the process in this chapter.

5.2 General information of Piraeus Port

The port of Piraeus is the biggest port in Greece and one of the biggest in Mediterranean. The
port has a continuous history as its establishment can be tracked back in 2600 B.C. Piraeus acted as the
main port of ancient Athens which was an important commercial centre of all the Greek regions of the
ancienttimes. The end of the Greek eraledthe port activities to be reduced fora period of 15 centuries.
The port was used only sporadically during the Byzantineand Ottoman periods and it was often occupied
by pirates. During the 19% century and after the liberation of the Greek state, the proximity to Athens
which was the capital of the newly liberated state played again asignificantrole. The infrastructures such
as railroad and the industrial development made the port a national transportation hub. (Hadjimanolakis
Y., 1997)

By the beginning of the 20" century, the increasedneed of independent management of the port
developmentledto the establishment of the Administration Committee of the Piraeus port. The electrical
connectionledintoan increase of factories and smallindustries that were located around the port area
which traded their products through the port. In 1911, the port authorities were allowed to management
autonomy with a special governmental agreement that established a new administrative entity, the Port
Committee. The Port Committee had the autonomy to decide on topics related to planning, funding,
maintenance and general development. But with the increase of the port traffic, there were a lot of
conflicts because third parties had control on several processes that were taking place in the port. That
was solved in 1930 with the establishment of the Port of Piraeus Authority, known also as PPA, which
granted broader jurisdiction to the public administrative body of the Piraeus port. The decision to
centralize all the responsibilities of management into the PPA was the reason behind the rapid
development of the port. (Hadjimanolakis Y., 1997)

Today, the port of Piraeus consists a major commercial and transportation hub. The relatively
short distance from Suez Canal explainsthe increase of the import of large amount of Asian cargo in
Europe. The cargo is mostly is related to cars or electronic devices which are exported from China and
Japan and use Piraeus as the gateway of Europe. For instance, around 500.000 new cars (land area
180,000 m2) from Asian countries arrive each yearin the portfacilities with more than 75% of them to be
shippedto other Mediterranean countries (OLP, 2016). Annually, 47,000 vessels of all kinds are served in
total with 1.100 personnel to be employed by the PPA. The passenger’s hub can serve approximately 20
million passengers every year including cruise-ship facilities which can serve up to 11 large cruise-ships
andtheyinclude two passengerterminals. Piraeus portis ranked third worldwide in passenger traffic. The
cargo facilitiesisranging overthreeberths(Pier|, Pierlland Pier Ill) which together have storage capacity
at the levels of 190,000 m2. The cargo handlingequipmentincludes 60 transportvehicles and 14 cranes.
(PPA, Strategy and Vision, 2016)

Itisalsoimportantto be mentionedthe new situation thatarisedin 2014 after the agreement of
the PPA with the China Ocean Shipping Company (COSCO). COSCO is a state company of the People’s
Republic of China and is based in Beijing. It is the owner of more than 130 ships and it is active in more
than 100 major ports worldwide. It participates in the Piraeus port with two sister companies COSCO
Hellas and Piraeus Container Terminal, knownalso as PCT. COSCOis active in the fields of cargo transport,
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ship building, port terminal infrastructure and operation (COSCO, COSCO group container lines, 2015).
The agreement of Piraeus and COSCO was in the region of 368m € which started in January 2015. The
company will also take the 67% of the PPA shares (now has 51%) (Stamouli N., 2016). The company will
investinthe Piraeus port 558m € inthe fields of shipbuildingand cruisingindustry as well as in the field
of shipping container facilities and transportation of oil products (Smith H., 2016). The agreement also
definesthatthe PPA will receive through dividends an estimated amount of 109m € by the end of 2021.
Moreover, the investmentof COSCO enhances the collaboration betweenthe PPA and the Chinese market
which benefits the global port status and are going to be major source of income for the portinthe future
(Paris C., 2016).

The portcity that surroundsthe port is the Piraeus municipality. The mayor of the Piraeusis also
member of the board of directors which consistsof 11 members, 7representingthe Chineseinterests and
4 representing the Greek interests including the major. Piraeus city was developed in parallel with the
port. Itisa metropolis of around 500,000 residents. Piraeus economicactivityisrelated tothe huband a
lot of companies (headquarters of ship-owners) that can be found in the street “Akti Miaouli” have large
shipping activities worldwide (Hellenic Statistical Authority, 2011). In the past there were a lot of small
and medium sized industries in the port area but now due to legislation that was applied in 1984, only
very small factorieswereallowed and the rest should be relocated outside the region of Attica. Moreover,
according to the legislation, there could be only petrochemical activities related to the refineries and
shipbuilding industries (Christodoulakis A., 1999).

At this pointitimportantto be mentioned that Piraeus portis following an environmental policy.
It is member of the Ecoports network since 2004. Also, in the framework of the corporate social
responsibility of the port authorities, the port participatesinthe Port Environmental Port System, known
as PERS (environmental management scheme from ESPO) since 2011 and has been certified on four
consecutive occasions(last wasin March 2014). Piraeus uses also the Self Diagnosis Method (SDM) which
was alsoinitiated by ESPO. The method’s assessment criteria are based on the international standard ISO
14001. Both PERS and SDM have been analysed in the third chapter. Finally, the organization and
monitoring of the port’s performance was established by Lloyd's. Based on all the above information, it
can be clearly defined that port keeps a record with the parameters associated with the environment
impact of the port operations and tries to apply a more environmental friendly agenda. (OLP, 2016)

Moreover, the port administration is developing twelve domestic environmental programs in
collaboration with universities, domesticinstitutions and independent scientists. One of these programs
is related with the measurements of the air quality. More specifically, amonitoring station was installed
in the central area of the port and its results are analyzed by the National Technical University of Athens
(NTUA). The measurementsreferto CO, CO,, NO,, SO,, O3, PM, 5 and PMy,. Furthermore, although there
is only one photovoltaic (PV) installationinthe port area, there are plansfor future projects. The power
of the existing installation is 430 kWp which is installed in the container terminal (OLP, 2016). Although
the future plansincludethe installation of large PV power plants (3.5 MWp), the plans are not running yet
because of discussions regarding relevant technologies that may be used instead of PVs. The reason is
that PV power plants need more space than other solutions and the space is importantfor the port as a
transportation hub (Goudis N., 2016). Apart from the PV power plant, there is one more project that
should be mentioned and that is electricity generation by the use of bio-fuels. In a distance of 2km from
the Piraeus portthere isa smallisland whichis used for black and grey water treatment thatis originated
from the Piraeus municipality. Duringthe treatmentand more specifically during a process that is called
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anaerobicdigestion,which has a by-products biogas, methaneand CO,. The biogasis used foracombined
cycle generationof electricitywhich covers the electricity needs of the processesand the excessisinjected
back to the grid. This processis associated with the idea of circularity as from waste there is production
of electricity and heat. Finally, although the introduction of on-shore electricity supplyforthe cruise ships
as a first step is on the plans of the PPA and COSCO, still there is no infrastructure to allow such a
connection. According to PPA, the main problems of such an investment right now is the economic
feasibilityand lack of standardization. But as more and more ports worldwide investin such technologies,
the onshore power supply becomes attractive solution for the lowering of the emissions in the port
(EYDAP, 2015).

5.3 Step 2: Identification of the stakeholders

Inthis section, the identificationand analysis of the stakeholders that are relatedto the vision will
take place. Firstly, as not all the stakeholders participatein the decision making process, itisimportant to
divide theminto two different categories. Those who are directly involved in the decision making process
and those who are indirectly involved by means that they may influence the decision or may be affected
by the decision (positively or negatively) regarding the technologies that are goingto be implemented in
the port area. The number of stakeholders that is identified depends on the judgement of the author.

5.3.1 Stakeholders directly involved in the decision making

At this part of the sub-chapterthe stakeholders that are responsible for the decision makingand
are relevant with the energy production technologies will be analysed. All of them consist the main
stakeholders of the Piraeus port. These stakeholders are the Piraeus Port Authority, the COSCO, the ship
owners, the municipality of Piraeus and the Regulatory Authority for ports.

Piraeus Port Authority (PPA)

The Piraeus Port Authority isthe mostimportant stakeholderrelated to the port of Piraeus. Itis
responsible forthe administration of the portand as mentioned in the previous subchapter, since 1930 it
iscompletely autonomous for the taking decisions related to the port area and port operation. Also, PPA
consists a for-profit organisation and its shares are traded in the Greek stock market exchange. Since
August 2016, itis decided that COSCO will buy the 67% of the shares. Moreover, 26% of the PPA shares
belongto ship ownersand 7% of the shares belongto the municipality of Piraeus. (OLP, 2016) Based on
these information it is clear that the PPA goals and interests are influenced by these stakeholders.

The main goal of the PPA is the economic growth. However, the economic growth should not
come at the cost of othervaluesrelatedtosocial and environmental factors. To begin with, the port uses
advanced environmental management systems in collaboration with ESPO at the Ecoports program.
Apartfromthat, the port has plansto enhance the green energyproduction and reductionof the pollution
(with focus on emissions, noise and water) in the port area (PPA, Strategy - Vision, 2016). Another
important goal that PPA has set,is to improve the social responsibility factor. Except forthe environmental
measures the plan contains the increase of the number of job positions that will be available inthe port
area, support humanitarian and cultural activities and support vulnerable social groups that are located
in the port city. (PPA, Social Responsibility, 2016)
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cosco

As mentioned above, COSCO’s involvement in 2015 and 2016 in the Piraeus port as the largest
shareholder is one of the most important events in the history of the port since 1930. The agreement
between PPAand COSCOis expectedtoboostthe profitability of both COSCO and PPA as the company’s
planisto increase the cargo capacity and investin the infrastructures of the port so as to use Piraeus port
as a transportation hub in order to promote the Asian products in the eastern and central Europe.
Furthermore, another main goal of COSCO forthe Piraeus portis to create synergies. The privatization of
the port created a lot of demonstrations and the employees of the PPA with the companies that have
business activities related to the port expressed their concerns regarding the agreement. The synergies
could help the minimization of the negative opinion and help the domesticeconomicgrowth. (Kollias F.,
2016) Furthermore, COSCO with its framework of social responsibility sets asimportant factor of the port
development the environmental protection. The company develops green energy projects in the port
infrastructures and has also as a goal to minimize the environmental impact of the ports by achieving
emission reductionin a number of its terminal worldwide (mostlyin China). (COSCO, 2007) The same
interestregarding environmental responsibility the company has forthe port of Piraeus where it believes
that itcan benefitalsofromthe good reputation regarding such actions. (COSCO, COSCO group container
lines, 2015)

Ship Owners

The ship owners’ stakeholdergroup includesthe owners of all types of ships that are active within
the commercial port of Piraeus. For example the owners of the cargo ships, ferries, cruise ships etc. The
vast majority of the ship owners participate in the decision making process as their association contains
26% of the shares of the PPA. Their goals are mostly related to the economic growth, accessibility and
availability of the port area for their ships. (Liagkouras, 2015) Regarding the environmental goals, their
main concern is to follow MARPOL protocol and be compliant with the upper allowed limits of SO, and
NO, emissions (International Maritime Organisation, 2016). Complying with the compulsory regulation
contributes to the companies’ social responsibility. Moreover, although the onshore green energy
projects do not directly affect any of theireconomicactivities, they can benefit from the good reputation
that the port will gain by taking actions in order to reduce the environmental impact and from the
dividends, as green energy projects will help the profitability of the PPA.

Municipality of Piraeus

The municipality of Piraeus consists a major stakeholder as it is affected directly from the port
policies and interacts with the majority of the stakeholders. As mentioned above, the municipality of
Piraeus has the 7% of the PPA shares and participates in the decision making process. The municipality
has multiple goals regarding the port operation and the decisions regarding it. To begin with, the economic
growth of the port will affect not only the income of the municipality but also the income of the residents
of the port city. From a social point of view, the main interests of the municipality are the safety and
health of the residents from the port operations or the expansion of the port and the minimization of the
possibility of accidents. Accessibility is also of a great importance for the residents when refers to the
traffic that can be observed in the port city that is related to the port activities. Another social aspects
that are important for the municipality are the use of space in the port city and the employment
opportunities that are presented in the port area. Finally, the improvement of the air quality and the noise
fromthe portoperations are important issues that should be satisfied. (Municipallity of Piraeus, 2016)
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Regulatory Authority for Ports

The regulatory authority for ports is a new organisation that was established in April 2014. The
main responsibilities of this organisationisto monitorthe implementation of public-private agreements
inthe Greek ports and to ensure the compliance with the agreedservice levels. These agreements contain
specificperformance levels, job creation, compliance with environmental agreements etc. Moreover, the
organisation consults the port authorities by expressing the governments’ interests but cannotintervene
in the decision making. However, the regulatory authority for ports acts as a control mechanism and it
should approve the decisions made e.g. in order to avoid market manipulation. (Raports, 2014)

5.3.2 Stakeholders indirectly involved in the decision making process

In the second part of the stakeholders analysis are included the stakeholders that are indirectly
involved in the decision making process. These stakeholders are the Residents, the Public Power
Corporation, the Ecoports network, the Passengers, the Fossil Fuel companies and the Transportation
companies.

Residents

The residents of the Piraeus port consist a major stakeholder. Although they do not participate in
the decision making, they are directly affected by the port’s operation and therefore their opinion should
be takeninto account. There are cases that the residents threatened the development of projects. Such
a case is the marina of Zea, where was supposedto become a park with tree and in the end there were
plansto be used for yachts (AMPE, 2013). From a socio-economic point of view, the residents of the port
city consider the value of employment of high importance due to the high unemployment rates of Greece.
The implementation of renewable technologies in the port area could contribute towards the reduction
of these rates during the construction and maintenance phase. Furthermore, the environmental impact
of the port activities is an important factor that residents demand to be minimized. Another factor that
should be eliminated according to the residents is the health risk.

Public Power Corporation (PPC)

The Public Power Corporation is a group of companies that are responsible for the generation
and the distribution of electrical energy and the maintenance of the existing infrastructures. The PPC s
the greatestenergy producerin Greece(13.2GW) and the only distributor. In addition, PPCis responsible
forthe evaluation and approval of the electricity generation related project designs and of the connection
of these projectstothe electricity grid. PPCstrategicaimisto promote the integration of the renewables
in the energy mix of the country. Also, it has developed business plans for developing collaboration
between individuals or organisations such as PPAin orderto helpfinancing renewables’ projects. (Ministry
of Environment and Energy, 2016)

Ecoports Network

Ecoports network was initiated by ESPO and PPA is a member since 2004. The main goal of the
Ecoports networkisto achieve the best possible environmental performance by applying environmental
management and following the good practices as they have developed in the network (subchapter 1.2
and appendix A). According to the information found in the strategic documents, the Ecoports are
interesting forthe development of the triptych “people” —“profit” —“planet” which can be translated into
the society improvement, economic development and environmental protection. (ESPO, 2012)
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Passengers

As mentioned above, the port of Piraeusis a major hub for passengers thattravel to the islands
or visiting Piraeus and Athens from cruise ships. Passengers are associated with the value of accessibility
as they do not want to experience traffic jams and any kind of delays. Another topic that is considered
important by the passengers is the aesthetics of the port. Although aesthetics factor is difficult to be
measured (subjective factor), itexpresses the general feeling of the open space around the port. Finally,
the time that the passengers will stay at the port, they are influenced by the environmental factors such
as the air quality. (Liagkouras, 2015)

Technology suppliers

The technology suppliers include the companies that are responsible for the renewable
technology solutions that are going to be implemented in the port area. The main goal of this group of
stakeholders is the economic growth. Also, most of the companies care about the creation of societal
value and it can be found as a mainvalue in theirstrategicplanning. The societal value is mostly related
tothe employment because of the economiccrisiseffect of highunemployment rates. Anotherimportant
aspect is the safety of the products they deliver. (Liagkouras, 2015)

5.4 Step 3: Identification of the value objectives

The third step of the tool explores the value objectives that are related to the fundamental values
(as found in chapter 2) as decision criteria for the stakeholders. The participants have chosen specific
value objectives and have assigned them to these fundamental values. The questionnaire and the reply
of each of the representatives of the stakeholders can be found in appendix E. Also, during the process
the stakeholders were freeto propose othervalues exceptforthe ones presented. The value objective of
“noise” was identified. At this point it is important to be mentioned that the value-objectives
“entrepreneurship” and “synergies” was decidedto be put togetherasavalues group. The reason behind
thatis the high possibilityfor dependency between these two values. They bothexplain the effort towards
economic development, through individual effort (entrepreneurship) or combined effort (synergies).
Moreover, the formulation of a values group contained by the aforementioned values was proposed by
Mr. Bantias, vice-presindent of the Regulatory Authorities of Ports. The value objectives that were
identified are the presented in the following values-tree figure.
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Figure 11 Piraeus values-tree

5.5 Step 4: AHP sub-tool analysis

Accordingto the tool, the fundamental values that are presented in the values tree table are the
input of the AHP analysis. The pair-wise comparison of these values was made based on the stakeholders’
opinion and expresses the importance that these values have for the decision making regarding
technological artefacts. The consistency factorwasin all cases under0.10 so there was no need answers
to be excluded.More information regarding the questionnaire used and the analytical answers of each of
the stakeholders is presented in the appendix E. The results of the AHP analysis are the following:
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Fundamental values Overall weights

Economic growth 2.38
Environmental protection 1.85
Safety 2.96
Accessibility 1.89
Creation of societal value 2.85

Table 23 Overall weights of the fundamental values

Economic Environmental A Creation of
R Safety Accessibility .
growth protection societal value
COSCco 3.5 1 3.5 4 1.69
Ship owners 4 1 2.49 2.49 134
Municipality of
unicipality o 1.03 1 2.04 1.43 4
Piraeus
Regulatory
authorities of 2.83 4 4 1 2.66
ports
Residents 1 1 2.89 1.12
PPC 1.25 2.01 3.28 1
Ecoports 2.83 4 3.23
Passengers 1 1.07 2.12 4 1.77
Technology
. 4 1.57 3.11 1 2.18
suppliers

Table 24 Individual weights of the stakeholders

Apart from the overall weights of the fundamental values and the weights for each of the
stakeholders separately, it is also important to present the weights divided into direct and indirect
stakeholders. Based on the following table some remarks can be drawn. Firstly, safety is considered the
most important value for both categories. The biggest differences are noticed in the values creation of
societal value and economic growth.

Weights of stakeholders’ values
Fundamental values

Direct participation Indirect participation
Economic growth 2.84 2.01
Environmental protection 1.75 1.93
Safety 3 2.92
Accessibility 2.23 1.62
Creation of societal value 2.42 3.19

Table 25 Weights of fundamental values based on participation in the decision making process

The following table represents the overall result on the value objectives.
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Values objectives Overall Direct participation Indirect participation

Profitability 0.78 0.94 0.67
Circularity 0.78 0.94 0.67
E”trii’/:aer:;‘g;hip' 0.78 0.94 0.67
Emissions 0.93 0.88 0.97
Noise 0.93 0.88 0.97
External Safety 1.48 1.50 1.46
Health Risks 1.48 1.50 1.46
Capacity 0.95 1.12 0.81
Availability 0.95 1.12 0.81
Longevity 0.95 0.80 1.05
Employment 0.95 0.80 1.05
Aesthetics 0.95 0.80 1.05

Table 26 Weights of values objectives based on participation in the decision making process

5.6 Step 5: Creation of emission footprint inventory

Accordingto the subchapter4.4.2, before creatingan emissionsinventory, it has to be examined
whatthe main emission sourcesrelated to the vision are. The vision is related to the electricity generation
from renewable sourcesinthe port area. The goal is to produce a part of the electricity consumptionof
the port from low emission electricity generation. Thus, based on the information provided in the
subchapter 4.1, the electricity consumption is main emission source. Based on that, the emissions
footprint of the portisrelatedtothe electricity consumption. The port operations are electrifiedfrom the
national electricity grid (national energy mix).So, in order to create the emissions inventory two important
values needto be examined, the electricity consumption of the portand its relevant energy mix emissions.

To begin with, in the literature there were no data available regarding the overall energy
consumption of the Piraeus port shore-operations. Thus, the data of a port that has relatively similar size,
traffic and operations (cargo and passenger activities) should be used. Such a case is the port of Los
Angeles. The datafrom the port of Los Angeles willbe used in order to definethe electricity consumption.
The port of Los Angeles consumedin 2012 200,000 MWh of electricity and this number will be used also
for the illustration. (Port of Los Angeles, Energy Management Action Plan, 2014)

The nextstepis to define the emissionsfromthe national energy mix. Accordingto the Hellenic
Electricity Distribution Network Operator (HEDNO), the lignite accounted for 49% of electricity generation
in the interconnected system, natural gas for 20.2%, and RES (including large hydro-power) for
30.5% (Greek Ministry of Energy, 2017). Thus, the 30.5% of the 140,000 MWh should be excluded as the
restis produced from emitting technologies. In addition the, the portauthorities have already installed a
PV system which contributes to the lowering of the emissions. The electricity produced by this should be
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reduced fromthe overall consumption. The 430 kWp PV installation produces around 730 MWh annually
(PVgis, 2016). So, the new consumption can be estimated to be 139,000 MWh. The annual electricity that
comesto the port fromlignite is 68,000 kWh and from natural gas is 28,000 kWh. In addition, according
to a study for combustion power plants, the emissionsfrom the lignite electricity production are the
following: SO, =32.85 g /kWh, CO,=1085 g / kWh, NO,=2.42 g / kWhand PM = 0.24 g / kWh. According
to the same study, the natural gas emissions are the following: SO, =0.006 g /kWh, CO,=631 g / kWh,
NO,=0.83 g/ kWhand PM=0.035 g/ kWh. (Argonne, 2012) Based on the above data the following table
explains the annual emissions of the port.

I .. Annual
Emission type Lignite Natural Gas Annual Lignite Natural Total
(/kWh) (8/kWh) (tn) Gas(tn)  (T/vean)
SO, 32.85 0.006 2,233 0.168 2,233
Co, 1085 631 73,780 17,668 98,448
NO, 2.42 0.83 164 23.24 187.24
PM 0.24 0.035 16.32 0.98 17.3

Table 27 Emission footprint for port of Piraeus (from electricity consumption)

5.7 Step 6: Identification of the Low Emission Port Technologies that can be applied

This step describes the identification of the technologies that can be applied. First, the circularity
opportunities are explored in the port and port area and then the available low-emission renewable
technologies are explored.

5.7.1 Circularity opportunities in the port area

The results fromthis process helpsin the exploration of the available renewable technologies that
can contribute in the circularity. For this step the field research is important. However, for the cases of
this illustration study, a literature exploration takes place. According to the subchapter 4.4.2, the 3 R
principles (reuse-reduce-recycle) are explored. Regarding the renewable technologies, the principles of
reuse and recycle were identified in the port area. (SEV, 2016) In the port area, there are a lot of
petrochemical industries and refineries. (OLP, 2016) The use of the hydrogen (by-product of the refineries)
in orderto generate electricity consists a circularity opportunity (reuse). Moreover, the waste from other
processes that take place inthe Piraeus city and port areacan be used forelectricitygeneration. Such use
of waste could be the biomaterials from the city waste oreven agricultural residues from the agricultural
areas close to the Piraeus port. (SEV, 2016)

5.7.2 Available Low Emission Port Technologies related to energy (electricity) production

The nextstep of the tool is the identification of the technological artefacts that are related to the
vision that was set for the illustration of the Piraeus port. In this subchapter, the technologies will be
briefly described and the quantitative data will be presented. However, all the detailed numbers are
indications based on information retrieved from literature analysis based on specific sized systems. The
legislation related to the renewables and low emission technologies is the paper 4414 / 2016 FEK
149/A/09-08-2016 and it includes all the technologies exceptfor the tidal energy (Ministry of energy,
2016). Finally, the technologies that are selected to be examined are mainly used by ports or planned to
be used by ports. More information for each of the technologies can be found in the appendix E.
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Photovoltaics

The photovoltaic technology is one of the most common technologiesthat is appliedin a lot of
ports already for example in Piraeus, Barcelona, Stockholm, Los Angeles, Tenerife, a lot of ports in India
etc. The working principle of such asystemis simple. The conversion of light energyinto electrical energy
based on a phenomenon called photovoltaic effect. The system contains the photovoltaic modules, the
inverter(s), cables, meters and safety devices. The photovoltaic system can be installed not only on the
roofs but also on the field. The roof installation is considered to be more expensive (around 15€ / MWh)
in comparison with field installations (8 € / MWh). The expected lifetime is high and the maintenance
costs are low.

For the port of Piraeus, the photovoltaictechnology is considered as a suitable technology mostly
because of its low initial cost and of the high irradiance levels atan average of 1950 kWh /m2 (appendix
E). As mentioned alsointhe previous chapter, there is a photovoltaicinstallation of 430 kWp and a plan
for a project of total power 3.5 MWp. On the other hand, the application of this technology created
debatesregardinghow much powershould be installed. Due toits low production per square meter rate,
the need to cover a significant amount of energy consumption of the port activities means that there is
high needto install not only on the roofs of the existing buildingsin the port but also on field areasinor
around the port. The problem with the land use is that it competes with the economicactivity of the port.
In addition, the locationof the photovoltaicinstallation should be not shaded, and by takinginto account
the fact that the port side is facing south, there are also restrictions of land use in front of the installation.
Anotherproblem thatshould be considered is the aesthetics. There are some debates in Greece whether
the photovoltaicinstallation should be usedin large scale in dense populated areas because of their dark
colour and their industrial view. (Goudis N., 2016)

Quantitative data of the technology

LCOE: 105 euros/ MWh (FraunhoferISE, 2014)
Initial Capital Cost: Low (ParidaB., 2011)

Electricity generation: 270 kWh / m2 (PVgis, 2016)
Emissions: No emissions

Lifetime: 25years (ParidaB., 2011)

Maintenance & Operation cost: Low (ParidaB., 2011)
Minimum arearequired: 15m2 (ParidaB., 2011)
Legislation available: Yes

Wind turbines (> 800 kW)

Apartfromthe photovoltaictechnology,anothertechnology thatis often used by port authorities
inorder togenerate “green” electricity is the wind turbines. Wind turbine application can be divided into
two categories, onshore and offshore. Onshore wind turbines are installed on land and offshore are using
foundationsinorderto be installed in the sea.Both can be connected viathegrid directly with the Piraeus
port electric substation which lies in the port area. There are already a lot of ports worldwide that are
usingthe energy producedby onshore wind turbines and there are plans for the development of offshore
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wind turbines. There isadifference in the levelized cost of electricitybecause of the foundations and the
cable connection via underwater cable. (CRES, 2016)

The portauthorities of the Piraeus port never examined the case of wind turbines installation due
toits highinitial capital cost. However, after August and the announcement of COSCO’s acquisition of 67%
and its plansto further develop the port operations with an increase in the cycle of operation, there are
some considerations regardingif they should examinethe case of wind turbines due. The reason behind
that isthe new available capital for such investments from COSCO, its vision to reduce the environmental
footprint of the port and the good wind conditions that are observed in the area. The main concerns
regardingthe wind turbinestechnologyare mostly focused on twoissues.The “notin my backyard effect”
that may create conflicts with the local residents as the wind turbines can be installed in the portarea, on
the top of the hillsthatlie northto the port or to the island of Salaminathatlies opposite tothe port. In
all the places there are houses with permanent residents. The second is referred to the offshore wind
turbines and seatrafficthat may be created after theirinstallation. Moreover, for the maintenance of the
offshore wind turbines, there would be needed space for the maintenance materials and vessels. Finally,
anotherissue that may become a problem forthe installation of thistechnology is the soundis produced
when the long blades are rotating. (CRES, 2016)

Quantitative data of the technology

LCOE: 45 euros/ MWh onshore (FraunhoferISE, 2014)

145 euros/ MWh offshore (FraunhoferISE, 2014)
Initial Capital Cost: High
Electricity generation: 2,000 kWh / m2 (CRES, 2016)
Emissions: No emissions
Lifetime: 20years (Signe Gry Braad D., 2015)
Maintenance & Operation cost: High (Signe Gry Braad D., 2015)
Minimum arearequired:400m2 (Signe Gry Braad D., 2015)
Legislation available: Yes

Small Wind turbines (<10kW)

Exceptforthe high-powerwindturbines, there are wind turbines with power lessthan 10kW and
can be placed both on the roofs of buildings and on field. Also, there are several types of such wind
turbines with some of them to have vertical axis. Although there was no example found in literature of
ports that have installed small wind turbines, it is considered as a good solution for cases because of its
medium initial capital cost and the simplicity of installation inthe case of buildings. The annual production
of the system is good compared to the space needed (3 m2 for wind turbines that are installed on the
buildings and around 10 m2 for wind turbines installed in the field). It is considered as a relatively new
technology in the field of wind turbines.

Regarding Piraeus portauthorities, the small wind turbines technology has been proposed to be
installed by some companies (e.g. AigeanElectric) butitis not considered as an option right now. The main
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concerns are referred tothe maintenancelevel needed due to the turbulent flows that may arrive on the
blades from the tall buildings in the area and the high possibility of repoweringat less than 20 years of
lifetimeasthistechnologyisnotapplied foraperiodthat ensuresthe lifetime expectancy. (CRES, 2016)

Quantitative data of the technology

Initial Capital Cost: Medium

LCOE: 120 euros/ MWh (Fraunhofer ISE, 2014)

Electricity generation: 375 kWh / m2 (CRES, 2016)

Emissions: No emissions

Lifetime: 20years (Signe Gry Braad D., 2015)

Maintenance & Operation cost: Medium (Signe Gry Braad D., 2015)
Minimum arearequired: 5m2 (Signe Gry Braad D., 2015)
Legislation available: Yes

Biomass power plant

Anothertechnology thatiswidely usedin portsisthe biomass power plant. This plant consists of
several parts including the storage facilities, the pre-treatment facilities, the water boiler, the steam
generator, and in case the system is designed to provide heat (combined heat and power) the heat
exchangerwith the heatingnetwork. The biomass power plantis considered as carbon neutral although
it emits SO,, NO,and PM but inreally low levels. The input of the biomass plant could be energy crops or
forest products. However, the cultivation of energy crops such as eucalyptus, poplarand willow compete
with the food production and therefore should not be the main source of biomass. The forest products
constitute the majority of the biomass today and they are pellets and briquettes that are manufactured
by compressing by-products of the forest industry such as bark or small diameter roundwood.
(International Renewable Energy Agency, 2012)

For the case of Piraeus port, the biomass power plant couldbe agood solution due to its medium
initial capital cost and the high energy productionin respecttothe areaneeded. Also, anotheradvantage
is the employment as there are job positions regarding the operation, transportation of the biomass and
production. The main concerns of this technology are about the competition between the biomass and
food production and the emissions that are production during the thermo-chemical process of
combustion that may burden the effect of high emissions that is present in the Piraeus port area.
Furthermore, in case that the pre-treatment of the biomass is not successful, the emission levels at the
exhaust gases will rise at high levels. (International Renewable Energy Agency, 2012)

Qualitative data of the technology

LCOE: 110 euros / MWh (Fraunhofer ISE, 2014)
Initial Capital Cost: Medium (Fraunhofer ISE, 2014)

Electricity generation: 7,000 kWh / m2 (PPC., 2012)
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Emissions:

CO,:14.3 g/ kWh (Pennise D., 2014)

SO,: 0.04 g / kWh (Pennise D., 2014)

NO,: 0.42 g / kWh (Pennise D., 2014)

PM: 0.036 g/ kWh (Pennise D., 2014)

Lifetime: 35 years (Pennise D., 2014)

Maintenance & Operation cost: High (Pennise D., 2014)
Minimum area needed: 2800m2 (Cuellar A. D., 2012)
Legislation available: Yes

Biogas power plant

The next technology that can be applied in the port of Piraeus is the biogas power plant. The
biomass material that can be used as an input could be bio-waste, agricultural residues and degradable
wastes. The biogas is produced by the anaerobic digestion process where the input material is
decomposed underspecificconditions and produces biogas and fertilizer. The combustion of the biogas
takes place inthe combustion chamberin orderto generate electricity or both electricity and heat (CHP).
The main difference with the biomass power plant and, at the same time, the main advantage of this
technology is the use of waste materialthat cannotbe burnedinorderto produce energy.Again, this type

of power plants are considered as carbon neutral technology. (International Renewable Energy Agency,
2012)

The main concernregardingthis type of power plantisthe space thatitis needed in orderto store
the bio-waste orresidues that will produce the biogas / biodiesel. Anotherimportantissue is the higher
levels of emissions that are presented in comparison with the biomass power plant. On the other hand,
the possibility to use waste organic material is a high advantage for this technology as the waste from the
residential areaaround the port city or the residues from the agriculture activities that take place inthe
plain of Kopaida (close distance to Athens) can be used for the production of the biogas. Finally, this
technology can be considered as the recycling process of bio-waste as it creates fertilizer that can be used
for growing plants.

Qualitative data of the technology

LCOE: 170 euros/ MWh (FraunhoferISE, 2014)

Initial Capital Cost: Medium (Fraunhofer ISE, 2014)
Electricity generation: 5,300 kWh / m2 (Linke B., 2015)
Emissions:

CO,: 10.8 g / kWh (Linke B., 2015)

S0,:0.36 g/ kWh (Linke B., 2015)
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NO,:0.79 kg / kWh (Linke B., 2015)
PM: 0.02 g / kWh (Linke B., 2015)
Lifetime: 35years (Linke B., 2015)

Maintenance & Operation cost: High (PenniseD., 2014)Maintenance & Operation cost: High (PenniseD.,
2014)

Minimum area required: 2000m2 (Samer M., 2013)
Legislation available: Yes

Hydrogen from refineries /Solid Oxide Fuel Cell - Gas Turbine

The next technology to be examined is the solid oxide fuel cell (SOFC) combined cycle with gas
turbine (GT) with the hydrogen input to be produced from the refineries. The hydrogen can be
economically extracted from the off-gases of the refineries by using cryogenic separation through a
combination of plate-fin heat exchangers and phase separators (Linde Group, 2014). The hydrogen
extracted and stored can be used to powerthe fuel cell combined cycle and produce electricity and heat.
The SOFC works at a range of temperatures 750° C to 1000° C and the port can benefit from these
temperatures in order to provide heat for specific port operations, district heating or the heat can be
given back to the refinery. There are already market products related to the system described but the
technology cannot be considered as mature enough. (Brandon N., 2014)

One of the main advantages of this technology is its high efficiency (only 10% losses). Another
important advantage is that the SOFC — GT system has fuel flexibility and can use bio-gas or syngas
(Brandon N., 2014). So, due to unexpected factors such as the relocation of the refinery, the system can
still operate but with the use of different fuel. The mainissues related to the hydrogen production is that
the hydrogen is needed to the refineriesin order to lower the sulphur content of diesel fuel. Therefore,
there might be a conflictrelated to the amounts of hydrogen that are available forthe SOFC- GT system.
Moreover, the hydrogenisvery flammable and when stored under high pressure, itis very dangerous for
explosions. (Crowl D., 2007)

Qualitative data of the technology

LCOE: 427 euros/ MWh (Romeri M. V., 2015)

Initial Capital Cost: High (Brandon N., 2014)

Electricity generation: 5,800 kWh / m2 (Brandon N., 2014)
Emissions: No emissions

Lifetime: 7years (of the SOFC) (Brandon N., 2014)
Maintenance cost: High (Brandon N., 2014)

Minimum arearequired: 1500m2 (Brandon N., 2014)

Legislation available: Yes
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Tidal Energy

The last technology thatis chosen to be examinedisthe tidal energy. The tidal energy describes
the extraction of the energy that comes from the flows that can be found undersea. The technology has
beentested duringthe past5 years and currently there are development plans from the ports of Milford
and Dover. Although itisanalready developed technology, it was impossibleto find realistic data with an
exception of the LCOE and the initial capital cost. Furthermore, there is no legislation available that can
cover the tidal energy developmentin Greece and therefore this technology cannot be considered as an
alternative among the technologies described above. Last concern regarding the technology is the
absence of current flow data around the area of Piraeus.

Qualitative data of the technology

LCOE: 280 euros/ MWh (International Energy Agency, 2015)
Initial Capital Cost: High

Electricity generation:n/akWh/ m2

Emissions: n/a

Lifetime:n/a

Maintenance cost: High

Minimum arearequired:n/a

Legislationavailable:No

5.8 Step 7: Satisficing

The nextstepisthe applicationof the satisficing method. For the satisficing methodthe results of
the AHP method (step 4). Accordingtothe opinion of the stakeholders concerningthe importance of the
fundamental values in the decision making, three thresholds should be placed. Specifically, on the
economic growth, the safety and the creation of societal value. The economic growth is considered
important (ranked third)in overallbutitis veryimportant for the direct stakeholders. Safety is considered
as the most important value in overall and for both categories (direct and indirect). Finally, the creation
of societal value is ranked second in overall but first for the indirect stakeholders group.

Direct Indirect
Overall weights Thresholds
& stakeholders stakeholders
Economic growth 2.38 2.84 2.01 ““
Environmental 1.85 1.75 1.93 no
protection
Safety 2.96 3 2.92 “
Accessibility 1.89 2.23 1.62 no
Creation of "
. 2.85 2.42 3.19 -
societalvalue

Table 28 Thresholds
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“ u

The thresholds set by the author are “-“ which means that when the comparison of the
technologies willtake place, the solutions that will score “--“ compared to the datum technology should
be rejected as a non-suitable alternative. In addition, the rejection should be applied even when only

one of the value objectives scores is lowerthan the threshold.

5.9 Step 8: Pugh’s matrix

The next step of the tool is the Pugh’s matrix. The matrix is used for the comparison of the
technologies with the datum technologyon the basisof theevalues objectives as comparison criteria. The
technologies’ comparison have been evaluated by an expert based on his experience with the spedific
field of occupation The expert that did the evaluation is Mr. Konstantinos Mavroudis, founder of
AigaioelektrikeS.A., consultantand developer of energy projects since 1980 and consultant of the Greek
Ministry of Energy for topics related to sustainable energy. He participated also in various business
schemesregardingthe improvement of the environmental footprintin Piraeus port. The qualitative data
that found in step 6 were provided to Mr. Mavroudis in order to perform the comparisons. The datum
technology that was chosen by the expert was the PV technology (it has beenimplemented in the port
area). The results of the comparison are presented in the following table.

The last column presents the idea of the impact. The impactis relatedto the value objectives and
more specifically with its attribute to be desirable or not by the stakeholders. The impact consists a
preparation for the use of the TOPSIS as it explains the goal-based reasoning of the sub-tool. For the
negative impactthe, value objective should be minimized by the algorithm of TOPSIS and for the positive
the opposite. Forinstance, inthe case of profitability, the “+” on the wind turbines meansthat they are
more profitable in comparison with PV but in case of emissions, the “+” means higher emissions in
comparison with PV and therefore should be minimized.

wind sn'1aII biomass biogas  hydrogen
PV turbines tu‘:II;?ndes power power - SOFC/ impact
(>800kW) plant plant GT
(<10kW)

profitability " . s s "ot positive
circularity s s ! " " positive

entrepreneurial- "o 0w "on "
. S S + ++ - positive

synergies

emissions s S T T S negative
noise "t et T et S negative
external safety " 3 " " " positive
health risks S 3 " N T negative
capacity T T "4t et - positive
availability 4t gt "ot "ot " positive
longevity " " et et ot positive
employment " T "t "t ! positive
aesthetics " " s " positive

Table 29 Pugh's matrix
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Atthis point, the results of the satisficing method shouldbe applied. As mentioned in the previous
subchapter, the economicgrowth, the safety and the creation of societal value have as thresholds the “-
“. In the case of hydrogen / SOFC GT, the scores in the critical values objectives are less than those that
are considered “good enough” and therefore should be eliminated as an input for the TOPSIS. Regarding
the safety issues that were scored as “--“, although there are regulations regarding the safety of the
hydrogen technology, still there are risks due to the high pressured storage and transportation. Finally,
the rest of the technologies will be compared in the TOPSIS.

5.10 Step 9: TOPSIS

The TOPSIS tool is used for the final decision of the technology that is the most suitable to be
implemented in the Piraeus port at the specific moment of time, under the specific stakeholders’
conditions and underthe specificassumptions. The input of the TOPSIStable is presented in the appendix
D. and the results are presentedin the following tables. Itisimportant to be mentioned that some of the
values objectives use the minimization algorithm and the rest use the maximization algorithm. This is
related to the impact presented.

Technology Score

PV 0.496

Wind turbines 0.427
Small wind turbines 0.466
Biomass power plant 0.472

Biogas power plant
Table 30 Overall results of the TOPSIS sub-tool

According to the results of the TOPSIS sub-tool, the biogas power plant is the most appropriate
technology to be implemented in the port of Piraeus at this moment. The secondtechnologyin the ranking
is the PV, third the biomass power plant, fourth the small wind turbines and fifth the wind turbines. The
difference inthe score amongBiogas and PV seemsto be high enough in orderto conclude that there is
no need forfurther examination and comparison. Atthis pointitisimportantto see also theresultsof the
wo categories of the stakeholders separately.

Score
Technology - -
Direct Stakeholders Indirect Stakeholders
PV 0.484 0.503
Wind turbines 0.468 0.393
Small wind turbines 0.487 0.466
Biomass power plant 0.435 0.500

Biogas power plant
Table 31 Results per category of stakeholder of the TOPSIS sub-tool

In both cases, the biogas power plant is considered as the most suitable solution to be applied.
However, in both cases the score of some technologieshas changed comparedto the overall results table.
In the case of direct stakeholders, the small wind turbines are evaluated as second in the ranking.
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5.11 Step 10: Emission footprint projection

The last step of the tool is the emission footprint projection considering the impact of the
technology to be implemented. In orderto define the emissions of the technology chosen, the powerto
be installed should be identified oreven better the annual electricity production should be known. Based
on the qualitative data providedinthe subchapter5.7, the annual electricity generation perareafor the
biogas power plant is 5,300 kWh / m2. However, the estimation of the energy production includes a lot
of uncertainties because itis difficult to examine how much the area isavailable. Based on the report of
Samer, an average biogas power plant for large scale applicationsis estimated to be at the levels of 500

kWp that covers an area of 1200m2 and thus, the electricity that be generated is at the levels of 8,400
MWh annually (Samer M., 2013).

Emission Type Levels (g/kwh) Overall (tn)
SO, 0.36 3
Cco, 10.8 90.7
NO, 0.79 6.6
PM 0.02 0.1

Table 32 Emissions from the biogas power plant

The new situation should be presented for the case that the biogas power plantis going to be
implemented. Based on the analysis of the subchapter 5.6, the consumption should be divided into three
parts, lignite, natural gas (grid emitting) and biogas (low emitting). The energy produced by lignite is now
49% of the 139.000 MWh minus the 8,400 MWh of the biogas power plant equals to 63,990 MWh and
likewise, natural gas (20.2%) will contribute with 26,380 MWh annually.

Annual

L. .. Natural ) Annual Annual

Emission Lignite Gas Biogas Lignite Natural Biogas Total

type (8/kwWh) (g/kWh) (8/kwh) (tn/year) a (tn/year) (tn/year)
(tn/year)

SO, 32.85 0.006 0.36 2,100 0.15 3 2,103.15
Cco, 1085 631 10.8 69,429 16,645 90.7 86,164.7
NO, 2.42 0.83 0.79 154 21.8 6.6 182.4
PM 0.24 0.035 0.02 15.35 0.92 0.1 16.37

Table 33 Emissions projection annually

The following table explains the annual reduction of the emission footprint (%) and the overall
reduction of emission footprint (tn) afterthe lifetime of the biogas power plant (35 years) by taking into
account the existing emission’s inventory as presented in the subchapter 5.6. After the implementation
of the biogas power plant, it seemsthat thereis a reduction of the annual emissions at an average total

level of 6%. The important thing to be mentioned is the high reduction of the CO, emissions after the
lifetime which is at the levels of 429,940 tonnes.
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Emission type

SO,
Cco,
NO,
PM

Existing situation Future situation Reduction
(tn/year) (tn/year) annually (%)
2,233 2,103 6%
98,448 86,164 12.5%
187.24 182.4 2.7%
17.3 16.4 5.6%

Table 34 Emission footprint projection

Overall
reduction at
lifetime (tn/35
years)
4,550
429,940
169.4
31.5
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Chapter 6: Remarks from the application

The sixth chapter refers to the remarks from the application of the developed decision making tool to
Piraeus port. It is divided into two sections. The first section describes the remarks that are coming from
the author’s interpretation. The remarks of this section are based on the analysis of specific performance

criteria found in literature. The second section includes the remarks of four interviewees that
participated in the application. The remarks of this section refer to the replies of the interviewees
regarding the understanding of the process and the applicability of the tool.

6.1 Author’s interpretation

The evaluation of the performance of a multi-criteria decision making tool regarding its
application consists acomplicated task. There is no cumulative method that can support such an analysis
and can provide unified data for such tools. The main reasons behind that are related to significant
differences among the decision problems (characteristics of the problem, size of the alternatives and
decision criteria etc), the differences between the tools (focus on different aspects e.g. optimizing
compared to non-optimizing),the existence or not of qualitative data (difficult to be expressed in
numbers) etc. Moreover, comparisons betweensuch toolscannot be achieved forthe samereasons. Thus,
Hwang proposed a qualitative method of evaluation based on specific criteria known as “measures of
multi-criteria decision tool performance”. These measures are divided into two main categories, the
overall process and the crossing of the dataand provide an overview of the performance of the tool. They
are used in order to provide with important remarks for the application of the developed tool. (Hwang
C.L.M.A., 2012)

Overall process
e Timeresources

The overall time needed forthe execution of all the steps of the decision making tool for Piraeus
port was 322 hours. It is important to highlight that the vision was set by the author based on the
relevance with the MScSustainable Energy Technologyand not based onthe currentinterests of the port
authorities of Piraeus. The time resources per step are presented below:

Step 1 (Vision):0hours

Step 2 (Identification of the stakeholders): 90 hours
Step 3 (Identification of the value objectives): 72 hours
Step 4 (AHP analysis): 16 hours

Step 5 (Emission footprintinventory): 24 hours

Step 6 (Identification of the LEPT): 88 hours
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Step 7 (Satisficing): 8hours
Step 8 (Pugh’s matrix): 8 hours
Step 9: (TOPSIS): 8hours

Step 10: (Emission footprint projection): 8 hours

By taking into account the availability of the data and the willingness for participation, the time
resources are affected by two important points: the number of the participants and the time needed to
communicate the decisionmakingtool (Hwang C.L. M. A., 2012). Regarding the participants, their number
affects mostly the step 8in case that more than one experts do the evaluation of the LEPT, and not the
step 3 which uses questionnairesin orderto extractthe data. Regardingthe communication of the tool,
the experience of the application showed that an estimated time of 8 or 16 hours should be enough.
Finally, an estimated 20% should be added in the calculations of the overall time resources needed
(information from Mr. K. Mavroudis). This extra time refers to the decision about the vision (spedific
category of solutions).The overall time estimatedtime resources forthe application of the tool should be
around 380 to 420 hours. Although a comparison cannot provide with important results, an estimation
for the application time of a random multi-criteria decision making tool for a transportation planning
problem with 11 alternatives and 13 decision criteriais provided by Hwangin his book (around 390 hours)
(Hwang C.L. M. A., 2012).

Size of the problem (dimensions) and possible constraints

Accordingto Hwang, the size of the problem refers to the number of the dimensions(alternatives
and the decision criteria) the tool can process and the possible constraintsif thereare any. Regarding the
dimensions, the main limitations refer to the potential of the AHP, Pugh’s matrix and TOPSIS sub-tools.
According to the theory, all the aforementioned sub-tools can have unlimited inputs in terms of
alternatives (technologies) and decision criteria. Also, they can be used for the evaluation of only two
alternatives but that may be not efficient in terms of time consuming. The most sensitive sub-tool is
consideredto be the Pugh’s matrix. The expert(s) have to performthe evaluation through comparisons.
Accordingto Pugh’sresearch, the tool isconsidered as efficient whenanumber of less than 12 alternatives
and 22 decision criteria is used. That consists the only constrain. However, the sub-tool can be used for
larger dimensions but with possible issues in terms of reliability of the output data.

e Simplicity of use

The next factor isthe simplicity of use of the tool. Although the developed tool as awhole can be
considered as complicated, their separate steps seemsto be simple and easy to be executed. This factis
enhanced by the results of the interviews which are presented in the following part of the subchapter.
However, itisimportant to examine more carefully two specificsteps. Thefirst step is the vision and refers
to the difficulties that may arise in the choice of a specific category of Low Emission Port Technologies.
The second stepis the identification of the technologies that can contribute in the circularity. Although it
is one of the important topics worldwide related to sustainability, still there are not specific guidelines
that can helpthe decision makerto find the circularity opportunities. Thus, the decision makerhasto do
field research in order to explore all the possibilities.
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e Ease of understanding the logic of the method

In general termsthe mainlogic of the methodis simple and it can be expressed in the following
sentence: “The port authorities decide on the most appropriate Low Emission Port Technology that
decreases the emission footprint of the shore-operations with the use of the values of the all the
stakeholders as decision criteria”. It was fully understood by the participants in the survey. Also, there
were noissuesrelated tothe differences between the term emission footprint and actual emissions. The
sequence of the steps provided no problems in understanding and communicating as the output of the
previous step consists the input to the next.

e Information availability

The last parameter is the information availability. As information availability can be considered
the information regarding the port, the stakeholders, their values, the technologies as input data to the
tool. The information that refer to the port usually can be found easily from websites, reports and
scientificarticles as wellas by the participation of relevant actorsin asurvey that uses questionnaires and
interviews. The input datafor this tool are the stakeholders, theirvalues and the available Low Emission
Port Technologies. There are two cases that data may be difficult to be attained. The first refers to the
circularity opportunities. There is not a lot of research going on in ports and port areas related to the
opportunities to use specificLEPTs to achieve circularity. The second refers to the unwillingness of some
stakeholdersto discuss policy matters concerningthe use of specificvalues as decision criteriaas well as
theirimportance.

Crossing of the data

e Simplicity and usefulness of the output data

This factor refers to the easiness of understanding and the usefulness of the output data of the
developed tool. The main output are the results of the TOPSIS and the emission footprint projection
tables. Exceptfor that, also the outputtables of the intermediate steps are discussed (the AHP analysis,
the satisficingand the Pugh’s matrix). To begin with, the main output is the table of the TOPSIS (step 9).
The table assigns a score to each of the LEPTs. The highest the score, the more it satisfies the value
objectives. Asaresult the technology with the highest score is the most appropriateto be used. According
tothe TOPSIS theory, astatistical significant differenceis considered the 0.025. In cases that the difference
of the score between the first two technologies is less than 0.025, then both of the technologies can be
used and the decision maker can choose which one of them. It can be considered that the table provides
with clear results the decision maker for the selection of the best technology. Regarding the emission
footprint projection, the output table as shown in subchapter 5.11 presents the expected emission
footprint after the implementation and operation of the technology. This information is useful in the
monitoring phase (evaluation and feedback) where the port authorities compare the theoretical results
with the real case.

Apartfromthe maintool outputs, also the outputs of the intermediate steps should be discussed.
Regardingthe AHP results, itis importantto be highlighted that the tables that represent the weightsof
the valuesare divided into the directand indirect stakeholders’ results. This representationcan help port
authorities torealisefromthe early stages of the tool applicationif there are any possible conflicts based
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on the weights on specificvalues. The tables provided by the AHP analysis are easy to be understood. As
far as the satisficing method (step 7) is concerned, the output of the step is represented in a table that
shows the weights of the fundamentalvalues (overall and per category) and the thresholds to be applied.
The tableis simple anditiseasyto understand how itis used for the step 8 (Pugh’s matrix). On the other
hand, for the case of Pugh’s matrix output table, there were some identified during the application.
Sometimes, the “impact” which consists an important input for the TOPSIS, created confusions.
Specifically, the impact explainswhat the effect of the value objectiveis. The desirable effectis described
as “positive” and the undesirable as “negative”. Inthe cases that the impactis negative, the signs should
be reversed (e.g. “-“becomes “+”) which creates a difficultyinthe understanding of the table. Finally, it
can be considered that with the exception of the Pugh’s matrixtable, therest outputinformation provided
by the tool are clearand easy to be understood by the decision makerand the participantsinthe survey.

e Data consistency

Anotherfactor of evaluation of the method concerns the input data consistency. The input data
refertothe stakeholders, the value objectives and theirimportance of the value objectives (input of AHP),
the available LEPTs and the evaluation of the Pugh’s matrix. Regardingthe stakeholders, itis difficultto
define what a consistent input is. Following the Keeney’s and Nianopoulos proposal regarding the
stakeholderanalysis (presentedin chapter2), the formulation of groups of stakeholders (e.g. technology
providers, residents)as wellas the division ofthe them into direct and indirect contributes in the inclusion
of all the possible stakeholders. However, thereis always arisk of excluding a stakeholder accidentallyor
on purpose by the decision maker. The value objectives inputis introduced in the tool by the use of
guestionnaire. There are two risks related to the consistency. The first one refers to the unwillingness of
the stakeholders’ representatives to reveal their policies in decision making and the second concerns the
absence of the deep understanding of their value objectives as decision criteria. The AHP sub-tool provides
a consistency check for inputthatis provided by the questionnaires that are replied by the stakeholders.
The inconsistent replies are excluded and the questionnaire should be re-answered. As far as LEPT is
concerned, it can be concluded that the data input are consistent (technologies with their quantitative
characteristics based on recent analysis). Finally, the Pugh’s matrix consists the only step that encloses a
highrisk of biased data. Thatis because experts are used in orderto complete the evaluationof the LEPTs
based on the quantitative data that are delivered to them. However, there are cases that qualitative
criteria are used (such as aesthetics). In that case the comparison includes the opinion of one person.

Input data Consistency
Stakeholders Possibly yes
Value objectives Possibly yes
AHP yes
LEPT yes
Pugh’s matrix Risk of biased data

Table 35 Input data consistency

e Chosensolutionthe bestcompromise?

Anothermeasure of performance that concernsthe multi-criteria decision tools explores whether
the chosensolutionis the best compromise. Based onthe TOPSIS theory, the algorithm performs trade-
offs based on the weights of each of the value objectives. Insuch a way, the tool takes into account the
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importance of the decision criteria of the stakeholders and provideswith the solution that satisfies at the
maximum degree these criteria. Atthis pointit is essential to be mentioned that the best compromise is
highly related to the consistency of the data as mentioned in the previous part. Generally, it can be
considered that whenthe Pugh’s matrixdata are not biased, then the output of the tool consists the best
compromise.

Responsible character of the tool

The last remarks referto responsible character of the tool. One way to examine it, is by analysing
the Stilgoe’s four dimensionsforthe tool. Thefirstdimensionis theinclusion. According to that dimension,
the port authorities should satisfy as much as possible the values of the stakeholdersin ordertoincrease
their participation. That is achieved by the selection of the technology which satisfies at the maximum
level thesevalues (TOPSIS). The dimension of the responsiveness can be also fulfilled by the re-execution
of the steps 2, 3and 4, as they provide the flexibilityto adjust to new circumstances when the number of
stakeholders aswell as theirvalues and theirimportance change. Anotherdimensionis the anticipation.
The anticipation explains that the negative impacts that may arise should be examined before the
implementation of the technology. This can be achieved by the overall application of the developed tool
as its main goal is to identify the negative impactsin the beginning. Finally, the lastdimension is reflexivity
which is related to the self-assessment and examination of the position (values) of the stakeholders
through exchanging data. The tables of the sub-tools can provide the datarelated to the current situation
of all the stakeholders’ values as well as the impact assessment of the technologies. As aresult, it can be
consideredthat the developed tool follows the main dimensions of responsibility provided by Stilgoe.

Summary author’s remarks
Based on the above analysis, a summary with the main author’s remarks is briefly presented below:

Measures of performance:
e Complicated process butthe stepsare simple to be executed and importantinorder to solve all the
practical issues

e Itneedsaround400 hours forall the stepstobe executed. However, thatis highly dependent on the
size of the problem.The time needed for the executioncannot be compared withothertoolsbecause
of the differences of the problems they solve.

e Can cope well with small and large number of alternatives and decision criteria. The best is 12
alternatives and 22 decision criteria

e The logic of the method as well as the context and the sequence of each of the steps are
understandable and easy to be communicated

e The output data are easy to be understood

e Reliable output data in case that there are no biased data in the Pugh’s matrix

e The TOPSIS performs the trade-offs optimization so as the chosen technology to be the best
compromise

e |tcan be considered that the tool can contribute in the responsible decision making

All the comments that presented above provide with the factors that affect the successful
application of the tool. These factors are the following:
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Factors of successful application of the tool:

e Vision should strictly follow one the four categories of LEPT

e Extended analysis for the identification of the stakeholders so as all of them are included in the
decision making process

o Willingness for transparent participation from all the stakeholders

e Pugh’s matrix qualitative criteria should be treated carefully in orderto reduce the risk of biased data

The decision makingtool developed forthis research project consists an attempttoincludein the
decision making process of ports all the values of the relevant stakeholders. By taking into account the
assumption of equality of poweramongthe stakeholders it can be considered asa more democratic way
to approach such kind of problems. According to Mitchel, the satisfaction of these values lead to the
increase of technological acceptance and as a result it guarantees the minimum implementation and
operation resistance from the stakeholders. The tool is flexible in adjusting to the changing social and
business conditions.

6.2 Remarks from interviews

Apart from the author’s remarks, there are also remarks based on interviews. Four participants
took part inthese interviews, namely Mr. Euaggeliou, Mr. Mavroudis, Mr. Oikonomou and Ms. Karvouni.
The same people have been replied to the questionnaires during the application of the tool. The total
duration of the interview was 1 hour where the analytical presentation of the tool took place in the
beginningthe specificquestions were askedregarding the easiness of understanding, general comments,
the advantages and disadvantages and the important adjustments that could improve the tool. The
analytical replies of the interviewees as well as information about the interviews are presented in the
Appendix F.

To beginwith, fromthe interviews it can be concluded that the participants believe that the scope
as well asthe steps were clearto them. Thatenhancesthe position of the authoras explained above. Only
one interviewee believes that the tool cannot be used directly mainly because of the absence of the
applicationresults. Based on the comments of the interviewees, they believe that the developed tool has
the potential to be used in the decision making process mainly as a supplementary tool. It provides the
guantification of the process which helps in starting the discussion of the technology selection from a
certain basis. Anotherimportantaspectis thatthe tool explores both the technological artefacts and the
businesssituation of the port. Finally, accordingto Mr. Oikonomou, the weights that have been assigned
by the stakeholders to the values representthe current economicand policy situation. The information is
presented briefly in the two following tables.

Participants Clear scope Clear steps To be used directly
A Euaggeliou Yes Yes Yes

K Mavroudis Yes Yes Yes
S Oikonomou Yes Yes Yes

D Karvouni Yes Yes No

Table 36 Scope, steps and direct use (interviews)
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Participants Comments on the tool
e |nnovative approach to assist the decision making

e ltisimportantthatit takesintoaccount more criteriathan justthe economic
ones

A Euaggeliou e Givesa “direction” to the decision makers (board members and managers)
regarding the complex decision making situation as far as the stakeholders
and their values is concerned.

e ltisaninteresting approach that can save time from the meetings.
e Dynamic tool that explores both the latest technological artefacts and
business situation.
e |t provides the possibility to start from a certain basis the discussion of
. choosing a technology. That basis refers to the importance of the values as
K Mavroudis

decision criteria for the stakeholders.

e |t consistsa way to quantify the decision making process whichis considered
as a qualitative process.

e Satisficing method is important in order to reduce the number of the
examined technologies.

e | believethatisaninterestingtool which can have application notonlyinthe
port’s but also to other fields that the stakeholder values “work” as decision
criteria.

e The current ports’ economic and policy situation is expressed through the
weighting of the values as decision criteria by the stakeholders. That makes
the process less complicated.

o The decision maker does not intervene in the process which provides more
objective results.

e It consists aninteresting tool that can assist the decision making process

e [tisimportant that takes into account the circular economy

e It is important that it takes into account the decision criteria of all the
stakeholders

S Oikonomou

D Karvouni

Table 37 Comments on the tool (interviews)

As far as the advantages are concerned, the interviewees believe that the tool can substitute the
long-duration meetings. The reason behind that is that the tool consists a process where a “common
language” is used regarding the realization of the stakeholders’ interests and the technology
opportunities. Itis an automated process with a lot of flexibility to the changes of the business and sodial
environment of the port. Also, the idea of dynamic input of data leads to the inclusion of all the
stakeholders’ values and the available technologies in order to take the most informed decisions. The
interviewees reckon as main disadvantages the possible biased output datafromthe Pugh’s matrix. Also
there mightbe an issue inthe accuracy of the results asit underlies arisk of depended values or possible
confusion from a high number of criteria and alternatives. In addition, the possible technology
implementation issues are not taken into account. Finally, the last disadvantage of the tool refer to the
possible issuesthat may arise from the use of the 5-point scale. The output scores may be close and in
such case the final decision might be under question.
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Participants

A Euaggeliou

K Mavroudis

S Oikonomou

D Karvouni

Participants

A Euaggeliou

K Mavroudis

S Oikonomou

D Karvouni

Advantages of the tool
It can balance the value conflicts and increase the acceptance of the
technology to be implemented.
It is less time consuming than the “business as usual”.
It takes into account all the important criteria for decision making including
the performance criteria of the technologies and the values of the
stakeholders.
It quantifies difficult concepts such as the values that are used as decision
criteria.
The process can save a lot of time
The tables of the method as well as the final results of the method (most
appropriate technology) can set a framework of discussion during the
meetings.
Every stakeholder accepts the common language of the “numbers”.
Automated process which asks for minimum intervention by the decision
makers.
It consists a fast process compared to the issues it solves.
One of the most important assets is that it has dynamic input of data.
The tool provides the capacity of using a lot of criteria for the evaluation of
the technologies.
It takesintoaccount the publicopinion
It takesinto account the circularity opportunities
It is good that the stakeholders know what to expect from the technology

implementation based on the values table (pugh’s matrix results)
Table 38 Advantages of the tool (interviews)

Disadvantages of the tool
There might be difficultiesin the communication of the emission footprint
concept.
Usually the economic growth is the most important decision criterion.
Some stakeholders may not want to openly reveal their values.
There might be anissue of understanding whichcan lead to confusion in cases
that a lot of criteria and technologies are used.
The independence of the values should be explored in orderto achieve more
reliable results.
The Pugh’s matrix may provide with biased data.
Risk of biased results at step 8 (Pugh’s matrix).
Absence of sensitivity analysis of the decision criteria.
The use of a 5-point scale may create problems when the scores of the results
are close.
The number of the criteria should not exceed a specific level.
The automated process for the trade-offs should contain the option of
decision maker intervention.

Technology implementation issues are not taken into account.
Table 39 Disadvantages of the tool (interviews)
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The last topicof discussionreferto the possible fields of improvement of the developed tool given
by the interviewees. The main focus of the participants was on exploring ways to reduce the decision
criteria, introduce methods to secure the independence of these criteriaand methods to reduce the risk
of biased datafrom Pugh’s matrix. Anotherimportantaspect forimprovement consists the set of spedific
rules regarding the groups of individuals that participate in the research such as the residents orthe port
users. Finally, the increase of the scale from 5 to 10 points(e.g.1,2,3,4.....,10) can contribute in the more
accurate scores for the evaluation of the technologies. The following table represents these comments.

Participants

A Euaggeliou

K Mavroudis

S Oikonomou

D Karvouni

Improvements / Adjustments to the tool

Explore ways to assign higher weight to the economic growth in comparison
to the othervalues by servingin parallel the rest of the values. The economic
growth is the main driver of the technology implementation and operation.
Set of rules and creation of a specificsurvey forthe input data of the groups
of individuals such as the residents and the passengers.
Validation with the application of the tool to several ports and studies that
refer to the opinion of the stakeholders after the implementation and
operation of the technology.
It would be betterif the decision criteria could be minimized ata number of
6or7
Independence of the criteriashould be secured
Explore methods to produce more objectiveresults for the Pugh’s matrix
specifically for the qualitative criteria that cannot be measured
Use of 10-pointscale in orderto provide results with larger differences
among the scores.
Sensitivity analysis forthe decision criteriashould be included.
Explore other methods to replacethe Pugh’s matrixin orderto reducethe risk
of biased results.
Provide a plan of use of the tool for the case that a change is occurred.
It is preferable the trade — offs to be performed by a combination of the
decision makers and the TOPSIS. Thus, flexibility can be achieved.
The implementation issues of the technology should be taken into account
during the evaluation of the technologies.

Table 40 Adjustments for the tool (interviews)
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7.1 Conclusions

After the analysis of all the previous chapters, the theoretical exploration, the development of
the tool, the application and the remarks from it, it is now possible to formally answer the main research
question and the sub-questions. Also, this chapter contains the reflections on the development of the
decision making tool, comments on the use of the theories and on the assumptions, comments on the
applicability of the tool as derived from the remarks and the fields of future research for further
improvement of the tool.

7.1 Research sub-questions

v' Which stakeholders are involved in port decisions on technologies and what are their values?

The identification of all the stakeholders that are involvedin the decision making process related
to the low emission port technologies is significant in order to maximize the degree of technology
acceptance. By considering the diverse character of the ports worldwide, it is difficult to define spedfic
stakeholders that can be met at all the ports. In order to simplify the process of identification, the
stakeholders are divided into two main categories. The first category consists of the stakeholders that
directly participate in the decision making process orinfluence the decisions. The second category refers
to the stakeholders that are not directly involvedin the decision making but they are affected by the
technology operation. The process of identification can become even simpler when dividing the
stakeholders into four big groups, namely the port authorities, the public sector, the private sector and
the organisations & institutions. The most common groups of stakeholders that can be met in ports are
the following: the shareholders, the administration, the port users, the suppliers, the government
organisations, the scientific institutions, the local authorities and the national regulators. Based on the
theoretical exploration, the fundamental values of the stakeholders are the economic growth, the
environmental protection, the safety, the accessibility, and the creation of societal value. To these
fundamental valuesare assigned one or more value objectives which are used as the final decision criteria
of the tool. Again based on the diverse character of the ports, it is not reasonable to set specific value
objectives. This dataare given by the stakeholders so as the real case is always examined. However, a list
of the most common value objectives is provided to them. The list is the following:

List of value-objectives
income, profitability, productivity, efficiency, competitiveness, circularity, employment, synergies,
externalsafety, health risks, emissions, livability, social stability, energy security, capacity, availability,
aesthetics, longevity, use of space, entrepreneurship

Table 41 List of value objectives
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v' How can a planning cycle for technologies address these issues? What would such a planning cycle
look like?

The planningcycle fortechnologies provides the port authorities with general guidelines in order
to select the most appropriate technology that its implementation and operation can minimize the
emission footprint of a port’s shore operations. These guidelineswere developed based on the theoretical
exploration which involves the following theories: Responsible Innovation, Low Emission Development
strategies, Circular Economy, Stakeholder Analysis and Technology Impact Assessment. The guidelines of
the planning cycle revealthe ways of addressing the aforementioned practical and theoretical issues. The
analytical information is presented in the two following tables:

Practical Issues Ways of addressing

By implementing atechnology that contributesin

Port’s emission footprint reduction .
such areduction

Involvement of all the stakeholdersin the By takingintoaccount all the values of all the
decision making of the technology stakeholders

Addressing of possible value conflicts By performing trade-offs

Increase of the acceptance of the technology to By satisfyingall the values atthe maximum

be applied (includingthe public) possible degree

Use of waste in order to tackle the emission By exploring circularity opportunities that can be
footprintissues. used by technologiesinthe portand port area

Table 42 Ways of addressing the practical issues

Theoretical Issues Ways of addressing
Dynamicinput of data. The tool should be able to
follow possible changes by providing a platform
that should always ask forthe current input data
(stakeholders—theirvalues—technologies)

Complex and fast changing business environment

Lack of theoretical tool to address the

, _ Trade-offs through a multi-criteriatool
stakeholders’ value conflicts

Lack of literature information related to the Use of 3 R principles (reuse-reduce-recycle) for
waste-use by technologiesinordertoreduce the theidentification of circularity opportunities and
emission footprint of relevant technologies

Lack of literature information regarding how to
choose the mostappropriate technology based
on the stakeholders’ pointof view asa
cumulative decision making approach thatsolves
the practical issues

By followingthe overall guidelines of the
planningcycle

Table 43 Ways of addressing the theoretical issues

The planning cycle consists of five different stages, namely the “Vision”, the “Stakeholder
Involvement”, the “Technologyand Mitigation”, the “Finance and Implementation” and the “Monitoring”.
Each of these stages contains actions that should be performed by the port authorities and are based on
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the aforementioned guidelines. The “Vision” refers to the set of a strategy for reducing the emission
footprint by implementing a technology without sacrificing the port’s economic development. The
“StakeholderInvolvement” includes the identification of the relevant withthe vision stakeholders as well
as their values and ways to deal with possible value conflicts. The “Technology and Mitigation” includes
the identification of the technologies that can be implemented as well as the evaluation of themin order
toselectthe most appropriate one that satisfies at the maximum possible degree the stakeholders’ values.
The “Finance and Implementation” refers to the identification of the overall cost and the preparation for
the installation and the “Monitoring” explains the assessment feedback loop. The planning cycle is used
as the framework forthe development of the decision making tool.But not all its stages are included. The
“Finance and Implementation” and the “Monitoring” refer to the phases after the selection of the
technology andthus, they are excluded. Thus, only the guidelinesfrom the first three stages are included
in the framework. However, these guidelines cannot be considered as a cumulative approach that can
solve the issuesidentified. The development of the planning cycleled to the identification of specific gaps
that should be filled in order to achieve a complete decision making tool. These gaps refer to the
identification of the technologies to be compared, the methods/tools that can be used for the data
gathering and processing and the methods/tools that are suitable to perform the trade-offs.

v' How can we select the most appropriate low emission port technology that can be applied in shore-
related port operations? Can we develop a tool to assist the decision-making? What would that tool
like?

The selection of the most appropriate technology is based on the values of all the stakeholders.
These values are used as decision criteria for the evaluation through comparison of the different low
emission port technologies. As the values may have different importance for the stakeholders, it is
examined their overall weight which is assigned to the corresponding value. For the comparison phase,
the quantitative criteria of each of the technologies (performance criteria) are taken into account,
specifically: the economiccriteria, the mitigation potential of each of the technologies, the life-time and
the use of space. Finally, the most appropriate technology is the one that satisfies better the weighted
values-criteria of all the stakeholders (optimized trade-offs).

The main building block of the decision making tool is the aforementioned developed framework
based on the planning cycle. It includes the guidelines of the three stages, the Vision, the Stakeholder
Involvement and the Technologyand Mitigation. Moreover, the lack of informationthat was identified in
the planningcycle concerningthe datagatheringand processingis fulfilled by specificmethods and sub-
tools, namely the multi-criteria sub-tools (AHP, Pugh’s matrix, TOPSIS) and the Satisficing method. The
combination of this information with respect to the sequence of events provided by the planning cyde,
leadsto a step-by-step approach. Asthe tool should have dynamicinput of data, all the data are always
provided forthe current situation. Exceptforthe stakeholders and theirvalues, the same rule applies to
the low emissionporttechnologies (LEPT). The LEPT are divided into four categories based on the emission
source they tackle (Dry Bulk, Low Emission Machinery, Energy Efficiency, Energy (electricity) Production).
The steps of the decision making tool are the following:

Step 1: Setspecificvision based onthe categories of the Low Emission Port Technologies

Step 2: Identification of all the relevant stakeholders
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Step 3: Identification of theirvalue objectives
Step 4: Use of AHP sub-tool toidentify the importance of the values
Step 5: Creation of emission footprintinventory forthe relevant to the vision emission sources
Step 6: Identification of the Low Emission Port Technologies that can be applied
Step 7: Satisficing
Step 8: Use of Pugh’s matrix sub-tool in orderto perform the Technology Impact Assessment
Step 9: Use of TOPSIS sub-tool forthe final decision
Step 10: Emission footprint projection
v’ Is an application of the developed tool to the Piraeus port possible and what do we learn from it?

The application of the developed toolwas performed forthe Piraeus port. The visionthat was set
isrelated to the MScSustainable Energy Technologywhich is the following: “Implementation of renewable
technologies for electricity generation that can reduce the emission footprint of the Piraeus’ shore-
operations”. The focus of the application was on the process and not on the results as the participantsin
the survey were not selected by ascientificmethod but based on their relevance with the decision making
process and the topicof examination. The application of the method led to some significant remarks. To
begin with, although the tool is considered as a complicated one, the individual steps are simple to be
understood and executed. The final output as wellas the intermediate output betweenthe steps are also
easy to be realized. The technology with the best score at TOPSIS results consists the best compromise.
An estimated time of execution of all the stepsis around 400 hours. Finally, althoughit can cope well with
both small and large number of alternatives and decision criteria, there is a restriction in terms of time
consuming and good understanding. The theoretical number of technologies to be used should be less
than 12 and the decision criteria cannot be more than 22. However, some interviewees mentioned that
the ideal number of criteriashould be less than 10. The main advantage recognised is the quantification
of the decision makingprocess. The toolcan provide a “common language” for understandingthe current
situation in terms of decision criteria importance and technology opportunities. This can save time
resources from long-duration meetings. Another advantage is the flexibility to adjust to changes relevant
to the business and social environment of the port. As far as the disadvantages are concerned, the
participants reckon as main disadvantages the risk of biased input dataforthe Pugh’s matrix, the absence
of inclusion of the possible technology implementationissues and the fact that some stakeholders may
be unwilling to reveal theirvalues as decision criteria. Finally, the remarks concerning the applicability of
the tool can be found in the following subchapter 7.5.

7.2 Main research question

v' How can port authorities take informed and stakeholder-based decisions on technologies aimed at
reducing the emission footprint of the shore-related port operations?

The reduction of the emission footprintof the port’s shore-related operations can be achieved by
the implementation of Low Emission Port Technologies. As there are a lot of such technologies available
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in the market, the port authorities should show preference forone out of four categoriesidentified (Dry
Bulk, Low Emission Machinery, Energy Efficiency, Energy (electricity) Production). Each of the categories
tackles a specific emission source (table 10 — sub-chapter 4.4.2). In order to achieve stakeholder-based
decisions, the port authorities should recognise the stakeholders that are related to the technology
implementation and operation. As the historical examples shown us, the exclusion of one stakeholder
from the decision making process may create unwilling situations. Thus, the portauthorities should take
into account not only the stakeholders that take part in the decision making process but also those that
are affected by the technology. The stakeholders are taking decisions based on specific values that are
used as decision making criteria. These values may have differentimportance. Therefore, aweight should
be assigned to each of the values based on the overall importance they have for the stakeholders. The
evaluation of the technologies is performed by comparing their performance based on these values.
Following this comparison, the technology to be chosenis the one that satisfies at the maximum possible
degree all the weighted values. This technology consists the best compromise based on the importance
of the decision criteria of all the stakeholders. Another important aspect for port authorities is the
informed decisions. For that reason, the only “static” data that is used is the five categories of
fundamental values of the stakeholders (economic growth, environmental protection, safety,
accessibility, and creation of societal value). The rest of the data needed for the decision making process
(stakeholders, theirvalues, technologies) are taken from a current analysis of the port situation everytime
a decisionisaboutto be taken.This analysisis achieved bythe use of recent online sources, questionnaires
for the representatives of the stakeholders and sub-tools. Such sub-tools are the AHP, which assigns the
weights to the values and the Pugh’ matrix that performs the evaluation of the technologies through
comparison. For the final decision, the TOPSIS sub-tool is used, which performs trade-offs’ optimization.
All the above information is structured in a ten-step decision making tool that was developed for this
research study. The main characteristic of this tool is the quantification of the decision making process.
Based on thistool, the portauthorities can selectthe Low Emission Port Technology that has the highest
degree of acceptance fromall the stakeholders. Despite its apparent complexity, the scope and the steps
of the tool are clearand easy to be understood. Also, the outputis presented in tables where the selection
is based on the scores of the technologies. Finally, the process of the tool ends with the creation of the
emission footprint projection for the chosen solution. The results of it can contribute in the feedback
process of the port authorities through evaluating the real results compared to expected theoretical
reduction.

7.3 Reflections on the method of development

The different practical and theoretical issues to be solved created a complicated development
scheme which required the combination of completely different theories. The scope of the development
method was to provide the simplest possible results without compromising the ability to solve all these
issues. Inorderto simplify and structure the process of development, it was decided to categorise itinto
three phases: the theoretical exploration, the planning cycle and the final decision making tool. This
structured way of development proved to be very useful for the following reasons. To begin with, the
exploration of the theories (Responsible Innovation, Low Emission Development strategies, Stakeholder
Analysis and Technology Impact Assessment) reveal a lot of “dirty” information that had no relevance
with the scope of this research study. Thus, thisinformation wasfiltered and only the important one was
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kept as presented in the tables of subchapter 2.3. Also, some of the results of the phase 1 couldn’t be
used directly as they were not relevant to the technology measures. Specifically, the Low Emission
Development strategies and the Responsible Innovation refer to guidelines related to policy measures.
The focus of these theories was changed to technology measures. Moreover, some parts of the theory
identified to be more relevant with actions that occur after the technology has been chosen. These parts
were usedinthe planningcycle so as future research can have an overall insight but were excluded from
the framework (e.g. Monitoring). Finally, the structuring of all the information into concrete guidelines
contributedinthe realisation of the main gaps of the framework that were filled in the third face. These
gaps referto the sub-tools / methods and the categories of technologies that the port authorities should
focus on.

Phase 1 Phase 2 Phase 3

o1st layer of e2nd layer of eFilling of the gaps
filtering (theories) filtering (actions) and development
and structuring of of the tool

a framework

Figure 12 Phases of development

The main issue identified during the development process was the difficulty to find information
regarding the technology measuresinthe ports. The vast majority of the scientificresearch focus mainly
on policy and management measures. Anotherissue was the absence of theoretical informationregarding
the ways the decisions are taken at a port level. These facts enhance the scientificimportance of this
research study. In addition, there were no examples in the literature that describe a method of
development of a multi-criteria decision making tool that quantifies the decision making process. Such a
development is unique as the tool takes into account all the practical and theoretical issues. The
development of the tool was achieved aftervarious “trial and error” efforts. That reason affected highly
the time resources spent on this research study. To sum up, the method of development of the tool seem
that worked well in terms of the results provided. The double layer of filtering proved to be particularly
efficientwhencomparingthe size of the inputinformation(phase 1) and the framework produced(phase
2). The framework, as the main building block of the tool, provided the flexibility of adjusting the multi-
criteria sub-tools where the input and processing of data was needed.

7.4 Reflections on the theories, sub-tools and assumptions

As far as the theories is concerned, the below comments refer to the contribution in the
development phase and the main limitations identified. To begin with, the Responsible Innovation is one
of the most important theories used in the development. The idea of including all the possible
stakeholdersinthe decisionmaking process, satisfying all their values at the maximum possible degree as
well asthe importance of the dynamicinput of data are based on this theory. It introduced to the model
the element of trade-offs as the best way of resolving the possible value conflicts. However, it does not
provide any guidelines on how to achieve that. The Low Emission Port Development strategies consists
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the only validated theoretical method that describes guidelines for achieving low emission development.
The information retrieved from this theory helped both in the development of the actions of port
authorities andinthe structuring of the planningcycle. The main limitation from the use of this theory is
that its guidelines referto policy measures and thusit was needed to be further formulated. The Circular
Economy contributed in the tool by providing the 3 R (reuse-reduce-recycle) principles that help the
identification of the circularity opportunities. However, the theory does not provide any guidelines
regarding ways of applyingthese principles. Anothertheory that was usedis the Stakeholder Analysis. It
introduces to the development the way to identify the possible stakeholders. There are two limitations
found for this theory. Considering the diverse character of ports, it is difficult to define spedific
stakeholders as static input to the tool. Secondly, the interactions between the stakeholders as well as
theinfluence istakeninto account. The mainreasonforthat is the complexity thatit would adjust to the
tool. Finally, the Technology Impact Assessment defines the most common performance criteria of the
technologies (quantitative data) but it cannot support the cases of qualitative data.

Apart from the theories, also the contribution and the limitations of the sub-tools used are
examined. The AHP sub-tool was used forthe creation of the questionnaire and the analysis of its results.
It contributesinthe identification of the weights that are assigned to each of the values. There were no
limitations found that are related to the AHP as it produces consistent data. The Pugh’s matrixis used for
the evaluation of the technologies. The most critical [imitations referto the Pugh’s matrix. It includes the
risk of biased data because of the comparisons performed by one or more experts and the absence of a
consistency check. Moreover, the Pugh’s matrix setthe only limitation onthe number of the alternatives
and decision criteria. As mentioned above, it is considered as efficient when a number less than 12
alternativesand 22 decision criteriais used. Finally, the TOPISIS that performs the trade-offs optimization
has as limitation the absence of flexibility for intervention by the decision maker.

Regarding the assumptions used for the development of the tool, the following can be pointed
out. First of all, the stakeholders have been studied independently during the application of the tool. In
order to decrease the sensitivity of the model to the specific choice of stakeholders, it is recommended
to focus on groups of stakeholders (subchapter 2.2.3). This will also reduce the complexity of the tool, as
itmeansthatfewerstakeholderswill have to be studied in total. An additional remark withrespect to the
stakeholders is the assumption of “equality of power”, meaning that no investigationis included in the
decision making process regarding the power of intervention of the stakeholders. Thisis explained by the
complexity that it would adjust to the tool. That should be a topic of future research. Furthermore, the
fundamental valuesand the value objectivesare assumed to be independent from each other. During the
application they have been treated independently and there were no specific comments from the
participants of the survey regarding any misunderstanding that is related to the values dependency. In
order to increase the accuracy of the results of the tool, a method of investigation of interdependencies
can be introduced as an intermediate step between the identification of the values of the stakeholders
and the weighting of these values. A method to achieve that is described by Caspin-Wagner and it
concerns a table that contains all the values and study whetherthe increase/decrease of the score of one
value appliestothe score of the othervalues (Caspin-WagnerK., 2013). Finally, for the shake of simplicity
the value objectives have been treated equally (theirimportance depends on the importance of the
relevantfundamental value). The main reason for that is the avoidance of time consuming processes. In
case that the decision makerbelievesthata more reliable result can be enhanced by takinginto account
the differentimportance of the value objectives, he/she can apply the AHP tool to each of the categories
of value objectives and adjust the weight of the fundamental value to them.
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7.5 Applicability of the tool

The main target of this research study was to provide the port authorities with a responsible
decision makingtool thatcan be usedfor the selection of the mostappropriate technology that can lead
to substantial emission footprint of the port’s shore-operations. This target has surely been ambitious.
The economicincentives thatare at stake in the ports are large and frequently overshadow the attempts
to adopttechnical measuresthat concern protection of the environment. The value-based approach that
is used by the tool for the selection of the best compromise technology can minimize the value conflicts.
The application of the tool provedthat itis particularly efficient for gradually identifying the values and
theirimportance as decision criteria. The idea of dynamicinput of data provides the flexibility to possible
changes which consists an important aspect for making responsible decisions. Thus, the results refer
always to the current port situation. The combination of successful theories and sub-tools for the
development provides with the important viability and enhances the credibility of the tool.

The decision making tool can be used by port authorities either as the main decision tool or as
supplementary tool that provides port authorities with an indication. The tool can be applied to all the
types of ports without restrictions such as the size or the economic activity. However, there are some
factors that affect the successful application. Firstly, itis important for the port authorities to follow
strictly one of the categories of LEPT as they are explainedin subchapter4.4.2. Otherwise there might be
issues concerningthe use of the quantitative datafor the evaluation (Pugh’s matrix). Anotherimportant
factoris the inclusion of all the relevant stakeholders as well as their values. These stakeholders should
show the willingness to participate actively in the process and should communicate transparently their
policies regarding their decision criteria for the technology decision. Finally, great emphasis should be
givenin the execution of the Pugh’s matrix step. This stepis the most crucial because of the highrisk of
biased data. It has to be executed carefully. It needs to be ensured that the expert(s) that do the
comparisons understand(s) fully the value objectives that used as criteria and can connect these value
objectives with the relevant quantitative data. The comparison that includes quantitative criteria (e.g.
profitability, lifetime of technology) can be answered easily by the use of the data found duringthe LEPT
identification. For the qualitative criteria that refer to more abstract concepts such as the aesthetics, a
questionnaire can be usedinorder to gather a more spherical view about the comparison by taking into
account the opinion of the stakeholders. Finally, the main limitations of the tool refer to the limitations of
the involved theories and sub-tools which have been described in the previous subchapter.

7.6 Recommendations for future scientific work

As described before, the set of theories and sub-tools that were chosen produced satisfactory
results; still, it would be agood ideato explore different options for the furtherimprovement of the tool.
The improvements are based on the limitationsof the involved theories and sub-toolsand the interviews.
To begin with, the firstfield of improvement of the tool should be the evaluation of the technologies. The
reason forthat isthat the Pugh’s matrix may provide with biased data. The Pugh’s matrix can be replaced
by another multi-criteria tool such as the Evidential Reasoning Approach (ERS) or another tool from the
list provided in Appendix D that is relevant to the evaluation of technologies. Another possible issue
identifiedisthe absence of amethodto deal withpossibleinterdependencies of the value objectives. One
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method has been already described inthe subchapter 7.4 by Caspin-Wagner (sensitivityanalysis). Another
method is the correlation analysis. In cases that the value objectives have strong correlation between
them, they can be included inthe same “values group”. Inaddition, animportant field of future research
is the exploration of methods to be introduced in step 2 and 3 that can investigate the power of
intervention of the stakeholders in the decision making process and how much they can influence a
decision. The results of this investigation can be included in the weights of the values.

Except for the theoretical improvement, the interviewees contributed in the recommendations
forfuture research that relate mostly to more practical characteristics. The firstidea concernsthe increase
of the size of the scale that is used for the evaluation of the technologies. Instead of a five-point scale, a
ten-pointscale could be used. The advantage of such a case is the larger differences amongthe scores of
technologies that can decrease the possibility of close scores. Anotherfield of future research that seems
tobe importantisto examineamethodthatcanintroduceto the decision making processthe possibilities
of issues that may appearduring the installation phase of the technologies. Furthermore, it could also be
a topicof discussion whetherthe tool should provide the possibility of intervention to the decision maker
inspecificsteps such as the performance of the trade-offs. In that case, the research can be based on the
findings of the chapter 3 that refers to the actions for port authorities and the general guidelines of the
planning cycle.

The tool should be applied forthe rest of the categories of LEPTin orderto extract useful remarks.
Although the tool is based on validated and credible theories and sub-tools, the reliability of the tool is
under discussion as it was never applied for a real case. Therefore, the real case application should be
performed by port authorities that are ready to test the tool by implementing the technology and then
examining whether it achieved the expected results in terms of emission reduction and stakeholder
acceptance. As far as the stakeholder acceptance is concerned, survey methods such as questionnaires
and interviews can be usedin orderto gatherdata and produce relevantresults. Finally, the creation of a
neural network forthe same problem (same practical issues) and the comparison with the results of the
developed decision makingtool can provide with aninteresting insightregardingthe potential of the tool.
More information can be foundin the work of N. Karayiannis, “Decision Making using neural networks”,
that explores the setting up of such a network for pollution sources at a river (Karayiannis N., 1993).

7.7 Scientific relevance with MSc Sustainable Energy Technology

One of the main goals of the MSc Sustainable Energy Technology is to propose ways to enhance
the economicdevelopment and at the same time reduce the environmentalimpact. This research focuses
on that aspect as it describes the development of a decision making tool that can be used by port
authorities in order to reduce the emission footprint of ports. This tool examines which sustainable
technologies are the most appropriate to be used. The most appropriate technologyis the one thatapart
from the performance criteria, minimizes the risk of “resistance” by the stakeholders. This is directly
related to the context of the studies at the MSc Sustainable Energy Technology as it explores ways of
promoting the implementation of sustainable technologies and improving the acceptance by the
stakeholders.
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Appendix A — Chapter 1

Ecoport information

Process of introducing improved environmental managementto EcoPorts

In orderto create a more systematicapproach on the EcoPorts’ pursuit of environmental progress
by takinginto account theirindividual priorities and organizational structure, ESPO proposed a toolbox of
assisting tools and well established environmental management standards. These can be used by the
involved EcoPorts so as to set respective targets, implementmeasures, monitorand evaluate theirimpact.
In this way, they can achieve a continuous environmental improvement (ESPO, Green Guide, 2012).

Assisting tools

The assisting tools of EcoPorts are referred to the Self-Diagnosis Method (SDM) and Port
Environmental Review System (PERS). Both systems were developed to act as a proven overarching
framework that assists ports to reduce their environmental footprint. The SDM method is characterized
as a cost efficient methodology that provides environmental risk identification and establishes the
priorities for action.

In fact, SDM provides a checklist that port authorities have to fill before entering the EcoPorts
network. This checklist addresses the fields of environmental personnel training, communication,
monitoring environmental policy, management organization etc. After the completion, ESPO sends a
report regarding a SWOT analysis of the EcoPort’s current environmental management performance, a
gap between this performance and requirements of the established systems that are explained belowand
an analytical report with expert’s recommendations on the current status. From this report it can be
identified what next steps for further development based on the environmental performance in
comparison with the European benchmark of performance should be (ESPO, How to join the EcoPorts
network and use SDM and PERS, 2011).

The second assisting tool “PERS”, an Environmental Management System which is designed to
deliver to users an actual set up of current environmental management of the port and an overview of
the port’s activities environmental performance. In addition, this tool enables the compliance with the
European environmentallegislation and ensuresthe quality and effectiveness of the management (ESPO,
Green Guide, 2012).

Established environmental standards

Except from the tools, in order to evaluate the environmental performance of EcoPorts, two
widely recognized by stakeholders and publicare used, the ISO 14001 and the Eco-Management and Audit
Scheme (EMAS).

The ISO 14001 is a family of standards that is related with providing advices to organizations
regarding the minimization of the effect of operations to the environment and at the same time complies
with regulations and applicable laws. The main principles can be simplified to be the Plan-Do-Check-Act
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(or PDCA) cycle, where “Plan” is the establishment of objectives and processes required, “Do” is the
implementation of these processes, “Check” is the monitoring of results and finally “Act” is the action to
be taken and the final evaluationif the objectives are being met (ISO, 2009). According to ESPO, the
EcoPorts should demonstrate conformitywith ISO14001 by making aself-declarationor by using extemal
organizationsto gain a certification of its environmental management system (ESPO, Green Guide, 2012

).

Quality
Improvement

Time

Figure 13 PDCA as basic principle of ISO 14001 (Moen R., 2009)

Top environmental priorities

The top environmental priorities that port authorities need to focus were determined and are
presentedinthe following table. The ranking of these priorities change through time because of political
interventions.In 2013 the total ranking mentioned “Air quality” as the mostimportant priority. According
to ESPO, this priority was setbecause of the people working or living around the port area and the attempt
of European Union to control the exhaust emissions of air pollutants by vessels (ESPO, Top environmental
priorities of European Ports 2013, 2013).

1996 2004 2009 2013

1 | Port Development (water) | Garbage / Port waste i Air quality
2 Water quality Dredging: operations Air quality Garbage/ Port waste
3 Dredging disposal Dredging disposal Garbage / Port waste Energy Consumption
4 Dredging: operations Dust Dredging: operations
5 Dust Dredging: disposal Ship waste

Port Development (land) Air quality Relationship with local Relationship with local
® community community
7 Contaminated land Hazardous cargo Energy consumption Dredging: operations
8 Habitat loss / degradation Bunkering Dust Dust
a Traffic volume Port Development Port Development Port development (land)

(land) (water)

10

Industrial effluent

Ship discharge (bilge)

Port Development (land)

Water quality

Table 44 Top port environmental priorities (ESPO, Top environmental priorities of European Ports 2013, 2013)
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This also can be noticed by European Commission’s acts that have to do with the enforcement
and implementation of air related legislation 2008/50/EC. Moreover, ports are usually situated in areas
with dense population that are affected by air pollution. For these critical areas, it is importantfor port
authorities to apply appropriate control mechanisms and enhance the reduction of port related air

pollution.

5 E’s framework for air quality

The 5 E's framework is applied in order to solve the air quality issues and the guidelines are
presented below:

Exemplifying

Enabling

Encouraging

Engaging

Enforcing

Transform own fleet (vehicles and vessels) into low emission and fuel efficient
Use state of the art own terminal equipment (movable or not)

Use of low emission fuels in vessels (sulphur, carbon, PM)

Monitoring authority achievements

Invest and introduce new technologies that reduce air pollution

Provide infrastructures for Onshore Power Supply (OPS)
Suitable space in the port area for LNG bunkering facilities

Apply techniquesto prevent dust dispersion from dry bulk operations/ road traffic, such
as wind screens or buffering zones

Incentivesforship owners and operators that demonstrate an outstanding performance
Support for the use of Onshore Power Supply to ship owners

Incentives for terminal users to use technologies that reduce emissions

Provide awards

Update database regarding port’s operations related emissions and their impact on air
quality levels

Organise workshops and hire experts with improvement of air quality as a target
Organise joint pilots and feasibility studies with port users

Cooperate with port users for developing OPS and LNG bunkering

Introduce low emission zones
Control the performance by introducing emission standards
Inspections on port users and contractors to checkifthey followthe rules and agreements
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Incorporating air emissions criteria in procedures linked with concession and lease
agreements

5 E’s framework for energy conservation

Exceptfrom the Air Quality, ESPO sets as a high priority the energy conservation. Ports are often
an areathat industrial activities take place, which need energy fortheir production operations. According
to European policy (EU Renewable Energy Directive, 2009), a 20% reduction in primary energy use should
take place. Therefore, ports should play an important role towards that direction. Same as with Air
Quality, the five E's framework is used to give guidance towards Energy Conservation (ESPO, Green Guide,

2012 ).

Exemplifying

Enabling

Encouraging

Engaging

Enforcing

Managing energy consumption and improving energy efficiency
Determining reduction targets and carbon neutrality
Using Renewables wherever is possible

Provide infrastructures for Onshore Power Supply (OPS)

Provide infrastructures for Renewables and LNG

Create the facilities and circumstances for stakeholders collaboration regarding energy
Provide conditions for efficient vessel and handling services

Rewards to ship owners and operators to follow environmental management plan
Subsides to terminal operators that use state of the art terminal equipment
Support for the use of Onshore Power Supply to ship owners

Incentives for terminal users to use technologies that reduce emissions

Provide awards

Work together with port users and competent authorities to deploy the right
infrastructure for transportation from and to the port

Organise workshops and hire experts for OPS and LNG development
Working together with port users in calculating emissions

Cooperating with terminal operators and port usersto find measures toimprove energy
efficiency

Control the performance by introducing standards about energy consumption and
efficiency into contract documents
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Inspections on port users and contractors to check ifthey followthe rules and agreements
Incorporating energy use criteria in procedures linked with concession and lease
agreements

5 E’s framework for waste management

Finally,the 5 E’'s frameworkis appliedin orderto give guidance to port authorities related to the
waste management. The guidelines are the following:

Exemplifying

Enabling

Encouraging

Engaging

Establishing a waste management plan

Consulting with ship owners, tenants and other port users while planning and designing
the port’s reception facilities and the waste management plan

Demonstrating excellence while managing port authority generated waste (offices, fleet,
vehicles, own operations)

Investing in equipment for optimal handling of waste

Setting targets for reducing amount of port authority generated waste

Setting targets forincreasing recycling and reuse

Building/establishing port reception facilities for different types of waste

Facilitating port users (vessels, tenants and operators) to separate and deliver their waste
in an effective way

Establishingasimple system for notificationinformation on quantities and types of waste
that vessels want to deliver, in order to optimise the reception on arrival

Providing easily accessible information through the port’s web site and through other
means (leaflets, newsletters, information meetings)

Monitoring waste volumes and types and reporting those to the vessels
Including waste collection fees within the port dues

Applying an incentive scheme rewarding waste separation

Applying an incentive scheme rewarding vessels with less water in sludge

Cooperating with agents in view of providing accurate and up-to-date waste related
information to ship owners

Collaborating with other ports and exchanging waste related information (e.g. waste
reception facilities)

Monitoring and communicating the cost reductions due to waste sorting
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e Sorting of biological waste (if possible) and monitoring how much green energy it will
produce

Enforcing

e Incorporating good waste managementpractices in tendering procedures associated with
concession and lease agreements

e Monitoring and ensuring that port users comply with the rules and agreements

ESPO code of practice on societal port integration

Another important aspect of the Ecoport is the societal integration of the port and its activities.
Associetal integration is considered the actions of the portauthorities to optimize the relations between
the port and the surrounding societal environment. The main focus is the human factor such as the
employees,the peoplethatliveinthe general port areaand the general public. The report by ESPO “Code
of Practice on Societal Integration of Ports” (ESPO, 2010) recommends some guidelines regarding this
integration. This focus is divided into three target groups, the general public, the current and future
employees, andthe peoplethatlive inand around the ports. The first group aim for portsis to ensure the
publicsupportin a way that the port will continue to operate and to achieve development projects. The
second group isrelated tothe need of ports to attract bettereducated workers. The third group goal for
ports is to improve the quality of life of the people living around the port, support attractive business
climate and co-operation between cities and ports.

For the three groups, ESPO proposes different guidelines. The first guidelineis the general public
support and image. The problem that this guideline tries to solve is that ports have become unknown
territory fora lot of people and there isanincreasing disconnection between ports and their surrounding
urban area. Therefore, in orderto tackle this problem ESPO suggests to openthe port to people soas to
experience theportlife.Asitis nicely mentionedinthereport, “thecity should breathe port atmosphere”.

Anotherwayto increase the reputation and meet the targets of publicsupportisto enhance the
connection between the ports and the education and job market. The port job market does not contain
only the strictly the direct portjobs butalso the port related jobs such as companies and their employees
that operate in the port area. ESPO proposes ports to identify the gaps within the port job market,
recognize the mismatch between the supply and demand for employees in order to vacant port jobs.
Finally, this gap should be bridged by connecting the educational institutes’ programs with the job needs
related to the port area.

The last guidelinethatreferto the integration of the portinthe societyis the improvement of the
relationship betweenthe portandthecity. Accordingto thereport, thefirst focus should be on minimizing
the negative externalities of the port towards the port city. The main factors that should be tackled can
be foundinthe appendixB. In addition, there are alot of examples regarding how the role of the port can

help to minimize separation gap between ports and port cities. The main ESPO’s recommendations are
referred below:

o Tostrengthen social cohesion and stimulate employment
e To promote innovative port and urban economic development
e Torespectthe equilibrium between the port cities and their natural environment
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e To respect access to the port areas

e Totreatthe port as an urban space

o Tointegrate the port with the cities’ port life

e Torespectthe port heritage and port cities’ culture
o To play with flexibility and not to freeze space

e Toexploit and benefit from blending

e To prepare for tomorrow’s jobs

All the aforementioned guidelines regarding the portintegrationinthe port cities emerged from
practical experience. A lot of European ports, that are member of the ESPO network, have participated in
this field experiment with the most known ports to be the port of Amsterdam, Antwerp, Hamburg,
Rotterdam, Valencia etc. The main objectives of thisinitiative is to use these guidelinesin orderto raise

awarenessto the stakeholders regarding the benefits of the integration of the port inthe societyand to
stimulate such actions.
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Appendix B — Chapter 2

Levelized Cost of Electricity

The levelized cost of electricity is measure to compare different methodsof electricity generation
on a consistent basis. It consists an economicassessmenton the average total cost to build and operate
a power-generating asset. The result of the following formula provides the minimum cost at which
electricity must be sold in order to break even over the lifetime of the project. (Branker K., 2011)

n I¢tMe+FT

LCE = sum of costs over lifetime _ t=1 (141t
"~ sum of electrical energy produced over lifetime - n _Et
t=1(1+m)t

Where,

t: year

I, : investment expendituresinthe yeart
M, : O&M expendituresinyeart

F.:fuel expendituresinyeart

E. : electrical energy generatedinyeart
r: discountrate

n : expected lifetime of the system
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Appendix C - Chapter 3

The third part of this chapter contains the development of the planning cycle based on the
information found in the subchapter 2.2 and the subchapters 3.1 and 3.2. The planning cycle to be
developed will provide an inspiration regarding the guidelines that port authorities can use for the
technology choice and implementationin orderto tackle the emissionissues. Thatcan be achieved only
when the main actions as well as their context are included in these guidelines. For the purpose of this
research study, only specific parts of the planning cycle that are useful forthe development of the decision
making approach are goingto be used. Therefore, these parts will be examined in detail and the rest that
are mostly relevant with the technology implementation will be given as an indication.

High-level design of the planning cycle

The main goal of the high-leveldesignisto create an overview which can describe the main stages
as well as the sequence of the planning cycle. These stages should be related to the actions of the port
authorities because these actions seem to solve the societal issues as presented in chapter 1. Based on
the theoretical exploration of subchapter 2.2, the Low Emission Development strategies is the only
validated theory that presents an overview (figure 5) and has as a goal the emissions reduction. Therefore,
the high-level design of the planning cycle should be based on the planning cycle of Low Emission
Development strategies. The five steps that are included in this cycle (LEDs) are: the formulating goals,
the institutional framework, the prioritising policies, the implementation and the monitoring which, all of
them are referred to policy and management guidelines with no direct relation to technical solutions.
However, the focus of this research study is on technical solutions. Therefore, a modification should be
proposedinorderto substitute these characteristics related to policy with the actions of port authorities
which are related to the technical solutions.

Forthis modification, there was no theoretical toolfoundin the literature regarding the high-level
design. Therefore, except for the theoretical information of subchapter 2.2, the development of the
planningcycle should be based onreasoning. To begin with, the simplest way to design this modification
is by relating the context of the steps of the planning cycle of LEDs with the context of the actions based
on the table5. If thereis a relevance that can be found, thenit can be used as a new stage the relevant
action. In case there is no relevance, the step of the planning cycle should be examined individually
whetheritcan contributeto the planning cycle with focus on technical solutions. If there is no contribution
it should be excluded. Inthe end, all the actions presented in subchapter 3.2 with theirelements should
be included in the final planning cycle. This process is presented below.

Formulating goals

The step of formulating goalsisthe first of the planning cycle of LEDs. It includes the creation of
the vision by representing the main goals that the port authorities wantto achieve. The vision should be
based on historicinformation by means of past experiences and should include the main ambitions for
the future. By comparing with the action of port’s economicdevelopment,it seems that arelevance exists
because the action explains the main target of the development (reduce emission footprint and at the
same time preserve the stakeholder values) which can also be considered as vision. For the sake of
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simplicity, the stage termthat could be usedis the “vision” and can be described by the aforementioned
action.

Institutional framework

The second step of the planning cycle of LEDs is the institutional framework. In this step takes
place the defining of the co-ordination amongthe institutions and enhancingit through specificpolides.
Before the relevance examination with the actions of port authorities, it is important to be mentioned
that, according to LEDs, the term “institutions” does not cover all the stakeholders in the port area (as
explained in the previous subchapter) but only the organisations that provide knowledge to the port
related to emissions reduction such as universities or research organisations. However, this research study
focusesonall the stakeholders, theirinterests and how to enhance their participation. The planning cycle
to be developed should focus also on these aspects and therefore the characteristic of Stakeholder
involvement should substitute the institutional framework as a stage.

Prioritising policies

This step of the planning cycleis referredto the policiesand how to prioritize them which consists
the main focus for the Low Emission Development strategies. It seems that there is no direct relevance
with one of the actions as none of them describes policies, analysis of barriers and policy interactions.
Therefore, itshould be excluded from the development of the planning cycle related to technologies.

Implementation

This step of the planning cycle of LEDs explains the implementation of the policies in terms of
attracting funding and co-ordinating funding disbursement. The planning cycle to be developed should
focus on the implementation of technologies, not policies. Although inthe beginning it seems that there
is no relevance among the implementation step of the LEDs and the actions for port authorities as
described above, a relevance can be explained based on the idea that the implementation is related to
process matters (how the technology can be implemented). When examiningin more detailthe action of
Economic and Institutional arrangements (table 5), it can be concluded that the element of Economy as
financeisincluded alsoin the step of the planning cycle (analysis of the cost and fundingto supportthe
implementation). Anideacould be to break down the action based on the contextinto two main stages,
the “Finance and Implementation” and the “Institutional arrangement”’. But the context of the
institutional arrangement or better the stakeholder arrangement can be included in the action that is
related to the stakeholders which is the stakeholder involvement. According to the Stilgoe’s dimension
Anticipation, the relevant with the stakeholders’ analysis and arrangements should be done in the
designing phase where decision regarding the technologies are taken based on several criteria and not
during the implementation phase. Finally, the new stage of the planning cycle is the “Finance and
Implementation”.

Monitoring

Finally, the monitoring step explains the importance of keeping track of the results after the
implementation. The results can help the port authorities to realise whether the initial goals have been
achieved and if further progress is needed. In addition, these results can help port authorities to leam
from experienceand provide knowledge forthe setting of newvision. Although that such an characteristic
is missing from the actions for port authorities, it is important to be adjusted to the planning cycle as it
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contributes towards the continuous improvement idea (as described in chapter 1) by means that the
lessons learned by the existing can be used in order to improve the future developing plans through a
feedback loop mechanism.

Furthermore, based on the above analysis, the actions of “Technology and Mitigation potential”
and “Emission levels and objectives” have no direct relevance with any of the steps of the planning cycle
of the Low Emission Development strategies. On the other hand, as actions for port authorities, they
should be included in the planning cycle. Regarding the “Technology and Mitigation potential”, it seems
that there is a relevance with the stages of “Vision” and “Finance and Implementation” based on the
sequence of the events. Before the implementation of the technologies, the technologies should be
known. Moreover, it seems that the Vision isthe first stage that starts the cycle. Therefore, it should be
placed between these two stages, but after the stakeholder involvement. However, the “Emission level
and objectives” still cannot be related to any of the steps. The inclusion of thisactionin the planning cyde
will be examinedin the analysis of the low-level designand its main elements will be included in the most
relevant stage.

To sum up, the formulating goals will be substituted by the port’s economic development with
respect to air quality and stakeholders’ values by referring to it as “vision”. The institutional framework
will be substituted by the “stakeholderinvolvement”, the prioritising policies will be replaced by the
“technology and mitigation potential”. Instead of the step of implementation it will be used the staget of
“finance and implementation” with “monitoring” to close the loop of the cycle. The reasoning behind the
sequence of the stages is that the output of the previous stage can be used in the next. In figure 7, the
architecture of the methodological frameworkis presented from the analysis that was carried out above.

Low-level design of the planning cycle

The second part of the development phase of the planning cycle for technology choice and
implementationisthatthe low-level design or betterthe “detailing”. The mainstages that wereidentified
in the previous subchapter is analysed in detail based on the information presented in the subchapters
2.2 and 3.2. In addition, the main elementsof Emission levels and objectives, which is the only action that
had no relevance with the main steps of the planning cycle of LEDs, will be added in the most relevant
stages.

Vision

The first stage is the vision. It can be described as the process of formulating the strategic goals
by the port authorities. These strategic goals should be built on past reports and strategies and on the
opportunities that are present at a specific moment of time. There is no specific process found in the
literature regarding how to formulate the vision probably because of the diverse character of ports. The
initial targets could be more general such as “reduce by 10% the emissionsinthe port by increasing the
number of job positions”, butalsomore specificas an example “decrease the emissions at a terminal level
and increase the circularity factor”. The strategic goals should focus on the reduction of the emission
footprint with the use of technical solutions. At the same time, they should serve the public needs and
minimize the possible conflicts among the stakeholders.
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Stakeholderinvolvement

The next stage, as described from the high-level analysis, is the Stakeholder involvement. The
information found in the literature associated with the stakeholders is presented in subchapters 2.2.2
(Responsible Innovation values methodological framework) and 2.2.3 (stakeholder analysis). The
sequence of the process is inspired by the Ravesteijn’s framework. At this point, all the stakeholders
involved should be identified. Usually, as there are a lot of stakeholders acting in the port environment,
the analysis should focus noton every stakeholder separately but on groups of stakeholders which have
similarinterests (categorization of theirinvolvement). As first step of the categorization can be used the
groups that have been identified in subchapter 3.1.4: the port authorities, the private sector and public
sectorand the organizations and institutions which provide knowledge and take partinthe research such
as universities or ESPO. Based on the results of this analysis, the second step is to form the groups with
stakeholders that have similar interests. After the identification of the stakeholders, another step that
provides important information regarding their involvement in the technological choice and
implementation is the process of dividing them into direct and indirect stakeholders. The direct
stakeholders are directlyassociated with the project (affect) and the indirect are influenced by the project.
The next step of the process is the translation of the interests found into values. According to Keeney,
these values should be structured into a values-tree (dendrogram) which represents graphically all the
values of all the stakeholders. This first partis related to the element of stakeholders’ interests (table 5).

Accordingto table 5, the next part is related with the participation of the stakeholders and how
to enhance it. According to 2.2.3, the dedication can enhance the participation. The dedication can be
achieved whenthe interests of each of the stakeholders’ group can be satisfied. However, the satisfaction
of the interests of all the stakeholders is not an easy process because they may realise differently the
importance of the interests and in some cases, the interests may be conflicting. Thus, the identification of
the importance of each of the interestsis essential. By knowingthe importance, the possible conflictscan
be minimized withthe use of trade-offs. Also, better co-ordination can be achieved as the port authorities
can realise what are the interests of each of the stakeholders’ group which can reveal also opportunities
for synergies and clear roles in the participation. In the existing theoretical exploration there is a lack of
information regarding the ways of dealing with these value issues. The most common theoretical
methodsthat can addressthese issues are provided by the multi-criteriatools. In the fourth chapter the
relevant methods are explored.

Technology and Mitigation

The next stage is the Technology and Mitigation potential. The information that will be used for
the analysis of this stage is the literature related to this stage is the Technology Impact Assessment
(subchapter2.2.4) inand the main elements (with theirrelevant functions) of the specificaction for port
authorities (subchapter 3.2). The sequence of the steps that will be presented below is based onthe idea
that the output of the previous step should be input of the next step. To begin with, the first step should
be the identification of the circularity opportunities that are presented in the port area. According to
subchapter 3.1.2, the main sources that can be used for the “reuse” and “recycle” principles are the
wastes (energy or by-products of biomaterials) of the industries and the port city around the port. The
“reduce” principleisrelatedto the reduction of energy use of the shore-related port operations. The next
step is the identification of the technologies that can be implemented. These technologies are referred
also as Low Emission Port Technologies and will be examined in the next steps of this research study. For
the identification of these technologies at a specificmoment of time, three main criteriashould be used.
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Firstly, the technologies should fulfil the vision that was set in the beginning of the process. Secondly,
these technologies should be related to specific emission sources of the shore-related port operations.
Finally, the circularity opportunities identified in the previous step should be connectedwith the available
technologies. However, there is a lack of information in the theoretical background as presented in
chapter2 regarding the Low Emission Port Technologies. Therefore, the identification of the technologies
that can be considered as Low Emission Port Technologies is performed in the following chapter 4.

The nextstep afterthe identification is the evaluation of the technologies found. At this point, it
isimportant to examine how the criteria of thetechnology impact assessment (as they have beenanalysed
in the subchapter 2.2.4) can be used for this evaluation. The main criteria are divided into quantitative
and qualitative. The quantitative are the economiccriteria, mitigation potential, long-term vision and use
of space. The economic criteria contain information about the initial capital cost, maintenance and
operation cost (M&O cost) and payback time. The mitigation criteria are related to the amount of the
emissions that are reduced by the time the technology is implemented.

The qualitativecriteria are difficultto be recognised as theyusuallyrepresent subjective opinions.
However, the stakeholder analysis with the values identification can provide an insight regarding the
gualitative values of the relevant stakeholders. The final evaluation should be done based on both the
guantitative and qualitative criteria. The Low EmissionPort Technology to be selectedshouldbe the most
satisficingin terms of technical characteristicsand the level it contributes towards the addressing of the
value conflicts and enhancing the participation of the stakeholders. Also based on the theoretical
exploration, the process of taking into account the indirect stakeholders’ opinion can minimize the
resistance that may appear to the implementation of the technology.

”n u

Except for the stages of “vision”, “stakeholder involvement” and “technology and mitigation”,
there are also the stages of “finance and implementation” and “monitoring”. Although both of them are
related tothe technical solutions, theyare not relevant withthe focus of the general scope of this research
study which is to provide a decision making approach. Nonetheless, it is important to be presented for
the planning cycle and therefore an indication of their context will be given based on the information
foundinchapters 1 and 2. These stages need further exploration and should be part of a future research
study.

Finance and Implementation

This stage is divided into two main parts, the finance and the implementation. The finance
containsthe extended economicanalysis of the overall cost of the actions that need to be takenin order
to meetthe goals. Anotherimportantaspect of this pillaris to identify possible sources of financing. The
funding will be usedforthe implementation actions. The implementationactions can be divided intothree
main parts, the preparation for the implementation (analysis of the existing situation in sociotechnical
terms), the installation of the technology chosen, and the testing of the operation should be according to
the standards that are described by the technology certification and datasheet (Painuly J.P., 2002).

Monitoring

Monitoringisthe last stage of the loop and describes the observation and analysis of the results
of the implementation. It becomes clear whether the initial vision and its targets have been achieved ora
new effortis needed.The evaluation of theresults should be occurred withan insight on the technological
choice, the results of the stakeholders’ participationas wellas the financeand implementation processes.
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The above information should be used for the set of new vision as a feedback loop which contains
recommendations to be usedin orderto improve furtherthe reduction of emissions with respectto the
societal needs.

All the main stages that have beenidentified in the high-level design phase are related to one of
the actions for port authorities as presented in subchapter 3.2. However, as the focus of the planning
cycle of LEDs is on policies it was difficult to relate the action of Emission levels and objectives with one
the steps of the cycle. Therefore, based on their context, the elements of this action will be connected
with the mostrelevant stage. Accordingto table5, these elements are the creation of emissionsinventory
(based on the sources of emissions) and the emission projection (potential emission trajectory after the
implementation). Both of the elements can be included in the Technology and Mitigation stage. The
emissionsinventoryshould be inthe beginning of the process (as assessment of the current situation)and
the emission projection should be that last part of the process as it is related to the emission based on
the Low Emission Port Technology that was chosen.
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Appendix D — Chapter 4

Examples of Low Emission Port Technologies

In this part of the appendix, a list of low emission port technologies that can contribute to the
reduction of emissionsatthe portlevel are presented. However, due to the limitedliteratureinformation

and the continuous innovation is important to mention that the following list is only an indication and
there might be more technologies that were not found.

Dry Bulk (Ecoport, 2012)

e Windscreens
e Bufferingzones
e Use of floatingcranes

Low emission machinery (oreven zero emission) (Port of Los Angeles, Green Bond Series, 2016)

o Electrification of the cranes

e Replacementof engines of the tracks with new ones that have better emission standards
e Installation of electricgrid to support electricity driven trains

e Use of vehicles (trucks) inthe portthat have hybrid, propane orelectricengines

e Introduce of bicycle routesforthe port’s personnel

Energy efficiency (AnttilaA., 2014)

e Heat recoverytechnologies

e Use of heat pumpsinthe terminals
e Improve the insulation of the walls
e Use of Solar Thermal technology

o Use of district heattechnologies

Energy production (from renewable sources) (US Department of Energy, 2007)

e Solarenergytechnologies
e Windenergytechnologies
e Biomasstechnologies

e Biogastechnologies

e Hydrogen technologies

e Wave energytechnologies

Multi-Criteria Decision Making tools

The following Multi- Criteria Decision Making methods are available in the literature (Weistroffer H.R,,
2005):
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Aggregated Indices Randomization Method (AIRM)

Analytichierarchy process (AHP)

Analyticnetwork process (ANP)

Architecture tradeoff analysis method (ATAM)

Characteristic Objects METhod (COMET)

Choosing By Advantages (CBA)

Data envelopmentanalysis

Decision EXpert (DEX)

Disaggregation—Aggregation Approaches (UTA*, UTAII, UTADIS)

Dominance-based rough setapproach (DRSA)

ELECTRE (Outranking)

Evaluation Based on Distance from Average Solution (EDAS)

Evidential reasoning approach (ER)

Goal programming (GP)

Inner product of vectors (IPV)

Measuring Attractiveness by a categorical Based Evaluation Technigue (MACBETH)

Multi-Attribute Global Inference of Quality (MAGIQ)

Multi-attribute utility theory (MAUT)

Multi-attribute value theory (MAVT)

New Approach to Appraisal (NATA)

Nonstructural Fuzzy Decision Support System (NSFDSS)

Potentially All Pairwise RanKings of all possible Alternatives (PAPRIKA)

PROMETHEE (Outranking)
Pugh’s matrix

Stochastic Multicriteria Acceptability Analysis (SMAA)

Superiority and inferiority ranking method (SIR method)

Technique forthe Order of Prioritiszation by Similarity to Ideal Solution (TOPSIS)

Value analysis (VA)

Value engineering (VE)
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e VIKORmethod

e Weightedsum model (WSM)

Analytic Hierarchy Method (AHP)

The steps of the AHP method are explained in more detail below with the use of athree criteria problem
as an example:

Step 1

Analysis of the problem into criteriathat the decision maker needsto evaluate in orderto take the most
responsible decision. Also this step includes the selection of the scale that is going to be used.

Step 2

Consider a matrix of pair-wise elements:

€11 Cip Ci3
Cz1 Gy Cy3
C31 (G35 Cs33
Step 3

Summary of the values in each column of the matrix:

n
Ci.:= E Ci:
Y i=1 Y

Divide each element in the matrix by its column total:
X = ¥
ij =
i=1Cij

Which generates the following pair-wise matrix:

X1 X2 Xi3
Xo1 X2z Xa3
X31 X32 X33

Usage of the following formula:

X
j=14ij
VVij =

n

In order to generate the following weighted matrix:

Wl 1
W12

Wis
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Step 4

The consistency vector is calculating by multiplying the pair-wise matrix with the weighted matrix:

Ci1 Ciz Ci3 Wi1 Cvyq
Co1 Coy Cog|*|Wa| = |Cypy

(31 C3p Cs3 W31 Cvzq
Where,
1
Cvyq = W_11 (C1aWi + CioWoy + C13W3y)
1
Cvyp = W_21 (C2iWh1 + CpuWay + Cp3W3g)

1
Cvzy = Wor (C3:Whq + C32Way + C33W3q)
31

Calculation of A, Consistency Index and finally Consistency Ratio:

A-n CcI
A= ?=1Cl7ij Cl = E CT = E
Where Rl is selected from the following table:
n 1 2 3 4 5 6 7 8 9 10
RI 0.00 0.00 0.68 0.9 1.12 1.24 1.32 141 1.46 1.49

Table 45 Random Inconsistency for 1 <n <10 (Saaty T., Decision Making for Leaders: The Analytic Hierarchy Process for Decisions
in a Complex World, 2008)

Below is presented an example of an AHP matrix made in excel for 3 criteria. The scale that it is
usedforthe judgments and the analysis of the AHP matrixitis consideredas the most common scale. The

judgementsthatneedto be made are the C,4, C3;, and C;, which complete also othercells of the matrix
as it can be seen below.

factor C1 C2 C3
Cc1 1.00 Resulted from the (1/C5,) Resulted from the (1/Cs,)
Cc2 Cy, 1.00 Resulted from the (1/Cs,)
Cc3 Csy Cs, 1.00

Table 46 Example of AHP process matrix with 3 criteria
Scale

The scale thatitis used to quantifythe qualitative judgements of the pair-wise matrixis presented
below.

1/10: much lessimportant
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1/5: lessimportant
1: equalimportance
5: more important

10: much more important

Pugh’s Matrix

The step by step procedure of the tool is analysed below. Also, an example of the matrix thatcan
be used is presented in table 47. (Burge S., 2009)

Step 1

The first step is to list all the criteria as the row labels of the table and the alternatives as the column
headings. Then, based on the experience, data or the most common practice, the datum alternative is
selected. In addition, the weights of the criteria, if existed, are added to the matrix.

Step 2

This stepis connected with the scoring of eachalternative for each of the criteria following the comparison
betweenthem. As mentioned above the scale varies with the five-point scale 1 to 5 or “- - “to “++” to be
the most common. The five-pointscale represents the comparison where 1or “- -“is the “much worse”,
2 or “-“is the “worse”, 3 or “s” is the “equivalent”, 4 or “+” is the “better” and 5 or “++” is the “much
better”.

Step 3

This step describes the calculationof the weighted scores for each alternative/criterioncombination. This
can be achieved by the multiplication of the arithmeticvalues of step2and the weights of the criteria that
were introduced in the step 1.

Step 4

The final step includes the summary of all the scores that have been calculated in the previous step for
each of the alternatives. The alternative that has the best score is the most suitable solution for the
problem described by the specific criteria.

The table below represents Pugh’s matrix with 3 criteria, weights of importance, and five
alternativesto be compared. The comparisonis between the datum and each of the alternative based on
the specific criterion. For this example a scale with signs has been chosen. In cases where all the
alternatives compared with the datum have signs s, + or ++, a new datum amongthe alternatives2to 5
has to be used.

factor weight Datum Alternative 2 | Alternative 3 | Alternative 4 | Alternative 5
C1 5 s -- ++ -
c2 3 - S S +
c3 1 -- S +

Table 47 Example of AHP process matrix with 3 criteria
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TOPSIS

The TOPSIS method is appliedin seven steps. The first step contains the creation of a matrix with
the criteria and alternatives to be evaluated. The second step includes the normalisation of the matrix,
the third the calculation of the weighted normalised matrix, the fourth the determination of the worst
and best alternative. In the fifth step, it is calculated the geometrical distance between the alternatives
and best/worst condition. The final two steps include the calculation of similarityto worst condition and
the ranking of the alternatives. The steps are presented in more detail below (Hwang C.L. Yoon K., 1981):

Step 1

Creation of evaluationmatrix (xif)mxn ,where mis the number of alternatives, nthe number of criteria
and x;; the intersection of each alternative and criterion.

Step 2

Normalization of the matrix to form the new matrix R = (rij)mxn by using the formula

xij

T wherei =1,2,.....mandj=1,2,.... ,n.
J m 2
:)Zi=1xij

Step 3

Determination of the weighted normalised decision matrix by using the formula of step 2 where

w; _
wj = };1’% where j =1,2,... ,nsothat X7, W; = 1

And WW; is the original weight that is given to the indicator w;

Step 4

Determination of the best and worst alternative (A, and 4,, )

Ap = {min(tli=12,...m)|j € J), (max(t;li=1,2,.....m)|j € J})}
= (tplj=12..., n)

Ap = {(max(t;;li=1,2,...m)|j € J_), (min(tyli=1,2,.....,m)|j € J;)}
= (twj|j =12,.., n)

Where,
J- = (j=1,2,...., n|jrelated to the criteria that have positive impact ) and

J+ = (=1,2,..., n|jrelated to the criteria that have negative impact )
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Step 5

Calculation of distances between the target alternative i and the best and worst condition (4, and 4,,)

2
dip = \/Zj-gl(ti,- —tp;) ,i=12,..,mand

n 2
diw = Zj=1(tij_ twj) ,i=1,2,..,m

Where d;;, and d;,, are the target distances to the best and worst conditions from the target i
Step 6

Calculation of the similarity to the worst condition

Siw = % ,0<s;y<landi=1,2,...m
Where

siw = lif and only if s;,, has the best condition

Siw = 0if and only if s;,,has the worst condition
Step 7
Rankingof all the alternativesbasedons;, (i =1, 2,....,m)

Development of the Decision Making Tool

For the development of the process of the Decision Making Approach, the relevant information of the
subchapters 3.3, 3.4, 4.1, 4.2 and 4.3 will be used. The context of the stages of Vision, Stakeholder
Involvement and Technology and Mitigation willbe used forthe sequence of the steps(subchapter 3.3.3)
and will be assigned to the relevant four stages, as the “Technology and Mitigation” was broken down
into identification and evaluation. In addition to that, the satisficing method should also be included in
the context of one of the new stages. It should be placed after the stakeholder involvement and before
the final evaluation of the technologies. As described above, the satisficing filters which technologiesare
good enough to be used based on the results of the Stakeholder Involvement stage. In fact, it consistsa
preparation for the criteria of the evaluation and therefore should be introduced as a separate step
between the identification and evaluation. Except forthe methods, also the sub-tools of subchapter4.3
should be includedinthe Decision Making Approach. The sub-tool of AHP is associated with the analysis
and identification of the values of the stakeholders and it will be placed in the context of the Stakeholder
Involvement stage. The sub-tools Pugh’s matrix and TOPSIS will be placed in the stage of Evaluationand
Final Decisionasthey both compare the alternativesin ordertoidentifythe most appropriate technology.
All the aforementioned characteristics will be explained in detail below.
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Vision

The main idea of the vision stage is to formulate goals related to the reduction of the emission
footprint of the shore-related operations of a port. This can be achieved by the use of the Low Emission
Port Technologies. As explained in subchapter4.1, they represent avariety of different technologiesand
are associated with the different types of emission sourcesidentified in the shore operations. Therefore,
they have been categorized in groups of solutions. These groups of solutions are described by different
qualitative characteristics that are used forthe comparison of these technologies. Based on the idea that
the comparison shouldcontain samecriteria, the vision to be set should referto one of the four categories
of technologies: thedry bulk technologies, the low emission machinery technologies, the energy efficdency
technologies or the energy production technologies. In such way port authorities can cope with spedific
emission sources which can make the decision making process less complicated. Finally, it should be
clearly explained thatthe selection of the Low EmissionPort Technology should be done according to the
stakeholders’ values.

Stakeholderinvolvement

The stakeholder involvement stage is divided into several parts. The first part contains the
identification all the relevant with the vision stakeholders, the categorization of them into direct and
indirect stakeholders, the identification of their main interestsand values.According to Keeney's “values-
focused thinking” the values are distinguished into fundamental values or values-criteria (central values)
and value objectives (low values). The fundamental values can be identified from the general goals or
vision or strategy of the stakeholders and can be found in the documentation (subchapter2.2.2). Forthe
value objectives, relevant data should be acquired as these are more difficult to be realised in the
literature. Also, in orderto evaluate the port’s current situation, the dynamicinput of data isimportant.
Therefore, a method for data gathering with questionnaires or interviews should be used. When all the
values are identified, the values-tree should be drawn fora better overview of the situation related to the
stakeholders.

The second part of this stage is related to the identification of the importance of the values
presented. For this part the first sub-tool AHP will be used. Firstly, the opinion of each of the relevant
stakeholders is needed so as to identify the relative importance of each of the fundamental values.
Interviews or questionnaires can be used for retrievingthe important data. Through these interviews or
guestionnaires, the stakeholder has to compare how much more important, important, equal, less
important or much less important for taking decisions considers a criterion (fundamental value) in
comparison to another criterion (another fundamental values). This process reveals the opinion of each
of the stakeholders regarding the importance of the fundamental values and the information will be
included in several tables. However, these data should be summarized in order to be processed to the
AHP matrix. At this point, the first assumption should be made. It is assumed that the power of
intervention of the stakeholders is equal. Usually except from the weighting of the values, a weighting
system should also be established for the stakeholders by means of investigation of the power of
intervention of each stakeholder which should be weighted and introduced in the matrixes. However, for
the purpose of this research study, this is not considered the case. The weighting methodology follows
the idea of “equity of input” as far as the stakeholders are concerned. Finally, the average score of the
judgements will be introduced in the AHP matrix where the overall importance of these values will be
concluded. For the AHP matrix procedure, the five-point scale is selected to be used:
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1
Much less important: —

10

. 1
Less important: E
Equal: 1
More important: 5

Much more important: 10

The AHP will provide the final overall weights of the fundamental values based on the
stakeholders’ opinion. However, not only the fundamental values but also the relevant value objectives
should be identified. Following the analysis that is described in Appendix C, the score of the values
objectives arises by multiplying the weight of the fundamental value with the weight that the value
objective hasinthe related cluster. Forthis research study, the weight of the value objectives is assumed
to be equal in each cluster as it is considered that the value objectives affect equally the fundamental
value. Also, another important assumption is that the value objectives are completely independent not
only in the same cluster but also in the whole values-tree.

At this point, the output of the process until now is described by two tables which contain the
overall weights of the fundamental values and the weights of the relevant value objectives. The results
from the data gathering process can reveal if there are any big differences in the scoring on the
importance of the fundamental values among the stakeholders. If there are, that could be a sign of
possible conflicts. According to the theoretical exploration the values conflicts are solved with trade-offs
which are executed with the use of TOPSIS.

Finally, the value objectives willbe used as the input of the Pugh’s matrixand more specificallyas
the main criteria for the evaluation of the technologies. There are three main reasons that explain the
use. The first one is related to the participation of the stakeholders which can be enhanced through
dedication. In order to achieve higher dedication, the values should be fulfilled at the highest possible
degree. Therefore, the evaluation should be based on the fulfilmentin terms of satisfying the value
objectives based on the weights. Moreover, by achieving participation, the risk of “implementation
resistance is minimized”. The second reasonis related to the fulfilment of the societal needs which consist
main part of the vision. When the weights of the values of the stakeholder related to the citizens of the
port city are represented in the weights of the values, then they are taken into account when the
evaluationisbased onthesevalues. The thirdreasonisthat not only quantitative but also qualitative data
can be used for the evaluation and the value objectives may represent some of them.

Identification of Emissions and Technologies

The next stage of the Decision Making Approach is the Identification of Emissions and
Technologies. This stage is directly related to the vision as its context is influenced by the categories of
the Low Emission Port Technologies. The identification includes four main steps. The first step is related
to the exploration of the circularity opportunitiesin the port area. For this step an analysis based onthe
three main principles “reuse”, “reduce”, “recycle” should be done for the port area in order to identify
these opportunities. The relevant information that can be used for this step are presented in the

subchapter 3.3.
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The next step is thethe identification of the emissions based on their sources. Again, the vision
affects the context of this step as the Low Emission Port Technologies are related to a specific group of
emission sources. For instance, low emission machinery is related to the trucks, cargo handling
equipment, trains etc. Based on the emission sources, the relevant emissions inventory should be
produced. Finally, the Low Emission Port Technologies that can be applied will be identified based on the
good practises of other ports, circularity opportunities results and the research forinnovations that may
have not beenappliedyetinthe port but it seemsto solve the issues of emissionreduction. Finally, the
main quantitative data according to the criteria of Technology Impact Assessment (table of subchapter
4.3) of these technologies will be provided as well as the available information related to legislation.
Otherwise, the technology should be excluded.

Satisficing

The intermediate step between stakeholder involvement and the final evaluation of the
technologiesisthe Satisficing. It can be usedin orderto set thresholds as a qualitative estimation of what
isthe minimum score of a criterion thatis considered as “good enough”. This estimation comes from the
results of the AHP importance analysis of the Stakeholder Involvement. But the thresholds have been set
forthe fundamental valuesand not forthe values objectives. Althoughthe value objectivesare multiplied
down to get the corresponding weight, the thresholds shouldn’t change. This argument is based on the
following reasoning. When afundamental value has a specificimportance level amongthe stakeholders,
alsothe value objectivesthat characterize the fundamental valueand were takeninto account during the
evaluation phase of the importance should have the sameimportancelevel considering that they are also
independentand equal. Therefore, the same thresholdswill be used. The results of the Pugh’s matrix will
be filtered and if any of the alternativesis exceeding the thresholds, it should be rejected. In case there is
alarge number of technologies that are rejected, the threshold limits should be reconsidered.

Evaluation and Final Decision

The final stage of the Decision Making Approach is the Evaluation and Final Decision. Itis divided
intotwo steps, the evaluation of the Low Emission Port Technologies (alternatives) and the final decision.
Accordingto the results of the subchapter4.3.2, the Pugh’s matrix will be used forthe evaluation of the
alternatives. The criteriathat are used forthe comparison process of this matrixare the valuesobjectives.
In orderto performthe analysis of the Pugh’s matrix, the opinion of one or more experts should be used.
The selection of the expert(s) should be a case for furtherresearch but forthe sake of simplicity, for this
research study an expertwhois experiencedinthe identified Low Emission Port Technologies and knows
the port business environment should be selected. By combining the quantitative data of the previous
analysis with hisknowledge, he/she should select the datum technologyand based on that, judge the rest
of the alternatives by performing a comparison. The scale that is widely usedis a five-point scale which
is presented below:

Much worse: - -
Worse: -
Same: s
Better: +

Much better: ++
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The final step of this stage is the use of TOPSIS for the final decision. The input of the TOPSIS
matrix comes from the output of the Pugh’s matrix. However, the scores of each technology from Pugh’s
matrix should be formulated in order to be introduced to the TOPSIS matrix for the final decision. The
aforementioned five-point scale of Pugh’s matrix will be translated into “1”, “3”, “5”, “7”, “9” foreach of
the pointsrespectively. Finally, TOPSIS will give the most suitable solution for the existing situation at the
port as the sub-tool’s algorithm finds the optimized solution based on trade-offs. Animportantthing to
be mentioned is that the final decision is not related with one decision maker but all the stakeholders
participate as decision makers with the port authorities to have the overall management of the process.
Finally, based on the results, the emission projection should take place with the use of the lifetime of the
technology chosen as the time-frame. The emission projectionshould provide withinformation regarding
the existing situation of emission footprint and the future information about the expected reduction
duringthe operation of the chosentechnology. The table thatis presented in subchapter4.4.2 related to
the step 10 of the tool is inspired by the Los Angeles Port (Port of Los Angeles, 2012).

Weighting of the value objectives

This part of the appendix explains the weighting of the values-objectives of the values tree. The
values-tree (dendogram), as a theoretical approach of data (values) clustering, belongs to the more
general theory of hierarchical clustering. The hierarchical clusteringis basedon the simpleidea that some
objects are more related to nearby objects than objects that are furtheraway. The objectsthatare close
to each otherforma clusterand are usually connected through algorithms that calculate the distance. In
the case of values as objects, there is no mathematical connection but a qualitative relation regarding the
influence that a value objective has to a fundamental value. (Rokach, 2005)

Based on the theory of Keeny, as explained in the chapter 2, there are two methods for the
clustering process of the values tree, the bottom-up where the researcheridentifies the first the values-
objectivesand then creates clustersthatare related toa fundamental value, orthe top-down where the
fundamental values are setand thenare filled intoclusters based on the values-objectivesthat are related
to each of fundamental values. Whatever the method, the weighting technique remains the same. The
following table represents a values-tree with the weight of the fundamental values and of the values
objectives. The real weights of the values objectives to a decision making process are resulted after the
multiplying down of the weight of the fundamental values and the weights of the valuesobjectives in the
cluster that are directly related to the specific fundamental value. (Poyhonen M., 1998)

rd ™y
(] 030 o7o |/
(: 0.40 060 ) C oo 030 o.s?)
0.12 0.18 0.14 021 0.35

Figure 14 Explanation of weighting of the values-objectives of a values tree (Poyhonen M., 1998)
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Appendix E — Chapter 5

Port of Piraeus photos

Figure 15 Piraeus' container terminal (New York Times, 2016)

PIRAEUS

Figure 16 Commercial network of Piraeus (Maritime Logistics, 2015)
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Participants in the stakeholderinvolvement

Participant Part of research

Values and AHP

Gloria Li .
analysis

Values and AHP

loannis Lekkas .
analysis

Alexandros Euaggeliou
B8 and interview

Dimitra Karvouni . .
and interview

Dimitris Bantias Wallvize 2l Al

analysis
Georgios Values and AHP
Papageorgiou analysis

Stavros Oikonomou . .
and interview

Values, AHP analysis

Values, AHP analysis

Values, AHP analysis

Role

On behalf of COSCO

On behalf of Piraeus
Port authorities

On behalf of Ship
Owners

On behalf of

Municipality of Piraeus

On behalf of
Regulatory port
Authorities

On behalf of Residents

On behalf of Public
Power Corporation

Relevance

Phdresearcher
related tothe
new silk road
(China)

Cosco
activitiesare
includedinher
research
Mechanical
Engineer
External
consultant at
Piraeus Bank
Department of
port projects
Chartered
accountant
Economic
consultant of
shipping
companies
Participates
regularlyin
decision making
Recently retired
employee of
the
Municipality
Civilengineer
responsible for
infrastructures
transportation
and planning

Vice President

Resident of
Piraeuscity
Urban engineer
Electrical
engineer

Grid
stabilization for
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south Attica
(includes
Piraeus)
e Mechanical
Engineer
e Participatedin
Aris Kourepis Values a”‘?' AHP On behalf of Ecoports the team
analysis relatedtothe
implementation
of Ecoports’
good practises
e Materials
engineer
Values and AHP On behalf of e Travelstwo
analysis Passengers times perweek
from Piraeusto
Aigina(island)
e Ex-sales
manager of Big
SolarS.A.-
leading
companyinthe
Values and AHP On behalf of marketrelated
analysis Technology Suppliers to allenergy
efficiency and
energy
production
technologies

Drosos Makris

Makis Togias

Table 48 Participants in the Stakeholder involvement analysis phase

Questionnaire of value objectives identification

The current questionnaire isrelated to research that takes place for my MSc thesis and has as a purpose
to test through application the decision making approach that was developed forthe Low Emission Port
concept. Itis referred to the decision making regarding technologies that can be applied not only in the
port but also in the port area and help reduce the emissions footprint of the port. The case that is
examined is the Piraeus port.

Actions

Please complete the following table with the values that you believe that are important for the decision
making of the implementation of aRenewable Energy technology inthe Piraeus Port. The list of values is
the following. You are free to add your own value in case that this value is notincluded in the list.

income, profitability, efficiency, productivity, competitiveness, circularity, employment, synergies,
external safety, health risks, emissions, livability, social stability, energy security, capacity, availability,
aesthetics, longevity, use of space, entrepreneurship
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Economic | Environmental Safety Accessibility | Creation of
growth protection Societal
value
Table 49 Questionnaire of values objectives
Results of the value objectives questionnaire
Economic Environmental Safety Accessibility Creation of
growth protection societal value
Profitability, . External . .
. y Emissions, Capacity, Longevity,
cosco synergies, . safety, L
. Noise . Availability Employment
entrepreneurship Health risks
External .
. Lt I Capacity,
Ship owners Profitability Emissions safety, L Employment
. Availability
Health risks
L . External
Municipality Income, Emissions, I Employment,
. . . safety, Availability .
of Piraeus synergies Noise g Aesthetics
Health risks
Regulatory Income, o External . .
. . Emissions, Capacity, Longevity,
authorities of synergies Noise safety, Availabilit Employment
ports circularity Health risks Y ploy
Income, . External
. . Emissions, o Employment,
Residents synergies, . safety, Availability .
. Noise g Aesthetics
entrepreneurship Health risks
PPC Incom.e, Emissions Health risks
synergies
. Emissions, Longevity,
Ecoports synergies i
Noise Employment
. External L .
Passengers Noise Availability Aesthetics
safety
. External
Technology Income, Emissions, .
suppliers synergies Noise safety, Longevity
pp ynere Health risks

Table 50 Piraeus Stakehoders’ values
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Questionnaire of AHP analysis

The current questionnaire is related to research that takes place for my MSc thesis and has as a purpose
to test through application the decision making tool that was developed for the Low Emission Port
concept. It is referred to the decision making regarding technologies that can be applied not only in the
port but also in the port area and help reduce the emissions footprint of the port. The case that is
examined is the Piraeus port.

Details for better understanding the nature of this questionnaire

1. The questionnaire's goal is to test the AHP method of the approach. Specifically, this method will be

used in order to reveal the importance of specificvalues during the decision making process of the
stakeholders of Piraeus port.

2. The mainvaluesto be exploredare the economicgrowth, the environmental protection, the safety, the
accessibility and the creation of societal value.

3. Aseconomicgrowthis consideredthe profitability, thecircularity and the entrepreneurship—synergies.
Analytically, circularitydescribes the promotion of greater resource productivityaiming to avoid pollution.
Forinstance, the use of waste from one operation can be regenerated intoa product (energy or material)

that can be used foranotheroperation. Inaddition, entrepreneurship-synergies describes the enhandng
of entrepreneurship by creating synergies among companies/institutions/organizations.

4. As environmental protection is considered the reduction of emissions and the noise.

5. As safety is considered the external safety and the health risks. The external safety is referred to the
safety to people and organizations outside the port and are not related to specific modes of operation.
The health risks are referred to people that are both inside and outside the port and port area and are
related to the operation (number of injuries or deaths).

6. As accessibility is considered the capacity and the availability. Analytically, itis referred to the shipping,
rail, road and pipelines which need to have sufficient capacity and need to be available as much as
possible.

7. Finally, as creation of societal value is considered the longevity of the technology, the employment and
the aesthetics.

Questions

1. Do youbelieve thateconomicgrowth is more importantthan environmental
protection?
e  Much lessimportant
e Lessimportant
e Sameimportance
e More important
e Much more important
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2. Dovyoubelieve thateconomicgrowthis more importantthan safety?
e  Much lessimportant
e Lessimportant
e Sameimportance
e More important
e Much more important

3. Doyoubelieve thateconomicgrowth is more important than accessibility?
e  Much lessimportant
e lessimportant
e Sameimportance
e More important
e Much more important

4. Do youbelieve thateconomicgrowthis more importantthan creation of societal value?
e  Much lessimportant
e Lessimportant
e Sameimportance
e More important
e Much more important

5. Do youbelieve thatenvironmental protectionis more importantthan safety?
e  Much lessimportant
e lessimportant
e Sameimportance
e More important
e Much more important

6. Do youbelieve that environmental protectionis more importantthan accessibility?
e  Much lessimportant
e Lessimportant
e Sameimportance
e More important
e Much more important

7. Do youbelieve that environmental protectionis more important than creation of
societal value?
e  Much lessimportant
e lessimportant
e Sameimportance
e More important
e Much more important
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8.

9.

10.

11.

12.

13.

Do you believe thatsafety is more important than accessibility?
e  Much lessimportant
e lessimportant
e Sameimportance
e More important
e Much more important

Do you believe thatsafety is more important than creation of societal value?
e  Much lessimportant
e Lessimportant
e Sameimportance
e More important
e Much more important

Do you believe that safetyis more important than creation of societal value?
e  Much lessimportant
e Lessimportant
e Sameimportance
e More important
e Much more important

Do you believe thataccessibility is more important than creation of societal value?
e  Much lessimportant
e lessimportant
e Sameimportance
e More important
e Much more important

Didyou face a probleminreplyingthese questions?

e Yes

®* no
In case you faced, can you please write down the number of the question(s)? What are
the difficulties you faced?
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AHP analysis results

Economicgrowth
Environmental Protection
Safety
Accessibility
Creation of societal value

COSCo

Economicgrowth
Environmental pr.

Safety

Accessibility

Creation of societal value

sum

Economicgrowth
Environmental pr.

Safety

Accessibility

Creation of societal value

Economic growth
Environmental pr.

Safety

Accessibility

Creation of societal value

Economicgrowth
Environmental pr.

Safety

Accessibility

Creation of societal value

05CO Ship Owners Municipality RAP  Residents  PPC  Fcoports Passengers Technology suppliers  Total
35 4 103 18 1 15 18 i 4 238
1 1 1 4 1 w4 1.07 157 1.8
35 249 204 4 2.8 I8 1B 212 314 2%
4 249 143 1 1.12 1 4 1 1.8
1.69 13 4 2.66 4 400 4 177 218 2.8
Table 51 Overall weights of the fundamental values
weight
Economic growth Environmental pr. Safety Accessibility Creation of societal value '
1 5 1 1 1 1.80
0.2 1 0.2 1 1 0.68
1 5 1 1 1 1.80
1 1 1 1 5 1.80
1 3 3 0.2 1 0.84
4.2 13 4.2 4.2 9
weighted criteria
average of row
Economic growth Circularity Safety  Accessibility Creation of societal value _
0.238095238 0.384615385 0.238095238 (.238095238 0.111111111 0.242002442
0.047619048 0.076923077 0.047619048 (.238095238 0.111111111 0.104273504
0.238095238 0.384615385 0.238095238 (.238095238 0.111111111 0.242002442
0.238095238 0.076923077 0.238095238 (.238095238 0.555555556 0.269352869
0.238095238 0.076923077 0.238095238 0.0475619048 0.111111111 0.142368742
Table 52 COSCO AHP — input and weighted criteria
relative  dinstance scaled difference
= ¥ i step for the
importan from the importan 1stwith g
ce smallest ce Sth
24 .20% 13.77% 3.50 0.16508 0.055026455
10.43% -13.77% 1.00 5.50%
24.20% 13.77% s.so
26.94% 16.51% 4.00 3
14.24% 3.81% 1.69
Table 53 COSCO AHP - scaled importance
eigenvaluesA
5.855701312 5.876814988 6 -0.024637002 1.12 -0.021997324
5.876814988
5.855701312 -0.042979335 -0.038374406
5.826835902
5.510463122

Table 54 COSCO AHP - consistency factor
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Ship Owners

Economicgrowth
Environmental pr.

Safety

Accessibility

Creation of societal value

Economic growth
Environmental pr.

Safety

Accessibility

Creation of societal value

Economic growth
Environmental pr.
Safety

Accessibility

Creation of societal value

Economicgrowth

Environmental pr.

Safety Accessibility Creation of societal value

1 5 5 5
0.2 1 0.2 0.2 1
1 5 1 1 1
0.2 5 1 5
0.2 1 0.2 1
2.6 17| 4.2 7.4 13
Economicgrowth Circularity Safety Accessibility Creation of societal value
0.384615385 0.294117647 0.238095238 0.675675676 0.384615385
0.076923077 0.058823529 0.047619048 0.027027027 0.076923077
0.384615385 0.294117647 0238095238 0.135135135 0.076923077
0.076923077 0.294117647 0.238095238 0.135135135 0.384615385
0.076923077 0.058823529 0.238095238 0.027027027 0.076923077
Table 55 Ship Owners AHP — input and weighted criteria
relative  dinstance difference
. scaled . step for
importan  from the 1st with e
importance the "+1'
ce smallest Sth
Economic growth 39.54% 33.80% 4.00 0.337% 0.112654
Environmental pr. 5.75% -33.80% 1.00 11.27%
safety 22.58% 16.83% 220N
Accessibility 22.58% 16.83% 2.49 3
Creation of societal 9.56% 3.81% 1.34
Table 56 Ship Owners AHP — scaled importance
eigenvalues A
6.360757574 6.360757574 6 0.072151515 L12

5.6108518596
5.447193434
5.735043466
5.264206228

-0.063117656

Table 57 Ship Owners AHP — consistency factor

weight
w
3.40
0.52
1.80
244
0.68

weighted criteria

average of row

0.395423866
0.057463152
0.225777296
0.22577729

0.09555839

0.064420895

-0.05635505
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Municipality of Piraeus

weight

1.30
0.68
1.80
1.64
4.40

weighted criteria

average of row

0.047169811 0.384615385 0.047619048 0.024390244 0.108758897
0.009433962 0.076923077 0.238095238 0.12195122 0.08 0.105280699
0.235849057 0.076923077 0.238095238 0.12195122 0.4 0.214563718
0.235849057 0.076923077 0.238095238 0.12195122 0.08 0.150563718
0.471698113 0.384615385 (.238095238 0.609756098 04 0.420832967

Table 58 Municipality of Piraeus AHP — input and weighted criteria

relative  dinstance difference
. sca ; step for
importan from the 1st with s
importance the "+1
ce smallest Sth
0.105184
10.52%

Table 59 Municipality of Piraeus AHP — scaled importance
eigenvaluesh

0.088945452

0.898480911 7.295045776 1.12
5.474189592

6.688155863 0.13959345%4 0.124637049
7.295045776

1.13390522

0099618306

Table 60 Municipality of Piraeus AHP — consistency factor
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Regulatory authority of ports

weight

1.00
1.80
1.80
0.68
1.00

sum 5 4.2 4.2 13 5

weighted criteria

average of row
W
0.2 (0.238095238 0.2380952 0.076923077 0.2 0.190622711
0.2 0.238095238 0.2380952  0.384615385 0.2 0.252161172
0.2 0.238095238 0.2380952  0.384615385 0.2 0.252161172
0.2 0.047619048 0.047619  0.076923077 0.2 0.114432234
0.2 0.238095238 0.2380952  0.076923077 0.2 0.190622711

Table 61 Regulatory authority of ports AHP — input and weighted criteria

relative dinstance difference
: scaled i step for
importan from the 1st with i
importance the "+1

ce smallest Sth

s
2.83 013773 0.04591
25.2%  1377% 4.00 4.59%
B.2%  13.77% iy
11.44% 1 1 3
19.06% 7.62% 2.66

Table 62 Regulatory authority of ports AHP - scaled importance

eigenvaluesh

5.245964643 5.7809413 -0.043811737 1.24 -0.035332046
5.7805941313
5.7805941313 -0.109325116 -0.088165416
5.213060179
5.245964643

Table 63 Regulatory authority of ports AHP - consistency factor
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Residents

0.111111111 0.111111111 0.238095238 0.111111111
0.111111111 0.111111111 0.238095238 0.111111111
0.111111111 0.111111111 0.238095238 0.555555556
0.111111111 0.111111111 0.047619048 0.111111111
0.555555556 0.555555556 0.238095238 0.111111111

Table 64 Residents AHP — input and weighted criteria

relative  dinstance difference
3 scaled 5
importan from the | 1st with
importance Sth

smallest

Table 65 Residents AHP - scaled importance

eigenvalues A

-0.024376336

5.70637037 5.878118318
5.70637037

5.878118318 -0.045245326
5.854218534

5.72378925

Table 66 Residents AHP - consistency factor

3.4

weight

0.84
0.84
1.80
0.84
2.60

weighted criteria

average of row
0.058823529 0.12605042
0.058823529 0.12605042
0.294117647 0.261998133
0.294117647 0.135014006
0.294117647 0.350887021
step for
the "+1"
0.071958
7.20%
-0.021764586
-0.040397613
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PublicPower Corporation

weight

0.68
1.64
4.24
0.48
4.40

sum 13 8.2 6.5 27| 2.5

weighted criteria

average of row
0.076923077 0.12195122 0.030769231 0.037037037 0.069336113
0.076923077 0.12195122 0.030769231 0.185185185 0.4 0.162965742
0.384615385 0.609756098 0.153846154 0.37037037 0.08 0.319717601
0.076923077 0.0243590244 0.015384615 0.037037037 0.04 0.038746995
0.384615385 0.12195122 0.769230769 0.37037037 0.4 0.409233549
Table 67 Public Power Corporation AHP — input and weighted criteria
relative dinstance difference
K scaled 5 step for the
importan from the | 1st with S
importance +]1
ce smallest Sth
1.25 0.37049 0.123495518
16.30% 12.42% 2.01 12.35%
31.97% 28.10% .o [
3.87% 1 1 3
40.92% 37.05% 4.00
Table 68 Public Power Corporation AHP - scaled importance
eigenvalues A
6.011861105 7.098484025 0.098078931
551780935
6.100832505 0.009637349 0.008604776
5.511946744
7.098484025

Table 69 Public Power Corporation AHP - consistency factor
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Ecoports

weight

0.68
2.60
1.80
0.52
2.60

sum 13 34 4.2 17 3.4

weighted criteria

average of row
W
0.076923077 0.058823529 0.238095238 0.058823529 0.058823529 0.098297781
0.384615385 0.294117647 0.238095238 0.294117647 0.294117647 0.301012713
0.076923077 0.294117647 0.238095238 0.294117647 0.294117647 0.239474251
0.076923077 0.058823529 0.047619048 0.058823529 0.058823529 0.060202543
0.384615385 0.294117647 (.238095238 0.294117647 0.294117647 0.301012713

Table 70 Ecoports AHP — input and weighted criteria

relative  dinstance difference
: scaled ] step for
importan fromthe 1st with ST
importance the "+1
ce smallest 5th
0.08027
8.03%

Table 71 Ecoports AHP - scaled importance

eigenvalues A

5.273564226 5.428346457 -0.095275591 -0.085067492
5.428346457
5.181392838 -0.130400143 -0.116428699
5.428346457
5.428346457

Table 72 Ecoports AHP - consistency factor

163



Passengers

weight

0.68
2.60
1.80
0.52
2.60

sum 13 3.4 4.2 17 3.4

weighted criteria

average of row
0.076923077 0.058823529 (.238095238 (.058823529 0.058823529 0.098297731
0.384615385 0294117647 0.238095238 (.294117647 0.294117647 0.301012713
0.076923077 0294117647 0.238095238 (.294117647 0.294117647 0.239474251
0.076923077 0.058823529 0.047619048 (.058823529 0.058823529 0.060202543
0.384615385 0.294117647 0.238095238 (.294117647 0.294117647 0.301012713
Table 73 Passengers AHP — input and weighted criteria
relative dinstance difference
. scaled ; step for the
importan from the 1st with R
importance +1
ce smallest Sth
7.99% -36.33% 1 0.36327 0.121089397
8.79% 0.80% 1.07 12.11%
2155%  13.56% 22|
44.32% 36.33% 4.00 3
17.35% 9.36% 1.77

Table 74 Passengers AHP - scaled importance

eigenvalues A

5365919998 6.617645219 0.078781278
5.381728354
06.109693823 -0.030483185 -0.027217129
0.617645219
5.762932985

Table 75 Passengers AHP - consistency factor
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Technology suppliers

weight

4.40
148
3.60
0.30
2.64

sum 2.5 12.2 33 36 8.1

weighted criteria

average of row
0.4 0.409836066 0.303030303 0.277777778 0.617283951 0.401585619
0.08 0.081967213 0.060606061 0.138888889 0.12345679 0.096983791
0.4 0.409836066 0.303030303 0.277777778 0.12345679 0.302820187
0.04 0.016393443  0.03030303 0.027777778 0.012345679 0.025363986
0.08 0.081967213 0.303030303 0.277777778 0.12345679 0.173246417
Table 76 Technology Suppliers AHP — input and weighted criteria
relative  dinstance difference
A scaled 2 step for
importan fromthe 1st with T
importance the "+1'
ce smallest Sth
4.00 0.37622 0.125407
9.70% 7.16% 1.57 12.54%
30.28%  27.75% s21 [
2.54% -37.62% 1.00 3
17.32% 14.79% 218
Table 77 Technology Suppliers AHP - scaled importance
eigenvaluesh
5.750197695 5.750197695 -0.049960461 1.12 -0.044607555
5.54661037
5337197134 -0.116226745 -0.103773879
5.224966088
5.2353601

Table 78 Technology Suppliers AHP - consistency factor
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Technologies

This part of the appendixis related to the information retrieved from the literature regarding the
technologies applicationinthe portand portarea. It provides with brief information that help the better
understanding of the technologies. In addition, it provides with information regarding how these
technologies are related to the ports.

PhotovoltaicTechnology

The photovoltaic technology is very common for “green” energy port applications. Photovoltaic
installations can be found notonlyin ports with annual high irradiationbutalso in ports where irradiation
is not that high. The following two examples, port of Barcelona and port of Stockholm, represent such a
case.

The example of the port of Barcelona

The port of Barcelona authorities have a long term plan to promote medium and long term
alternativesto hydrocarbon fuels. Following this vision, they have installed already a lot of PV systems on
roofs of warehouses and on special structures (Port of Barcelona, 2014). The example of figure xxx. is such
a case where 443 kWp of power has been installed (PolderPV, 2016). Another example is the 3 MWp
installation that was installed on the roof of a logistics warehouse and carports (ZAL port, 2016).

Figure 17 Photovoltaic Installation in Barcelona Port

The example of the port of Stockholm

Another example of successful implementation of photovoltaictechnology in the port is the
Stockholm’s port case. Port authorities have installed a 220 kWp system which covers the energy
consumption of the terminal building by 15%. Moreover, port authoritieshave plans to investigate further
the implementation of the photovoltaictechnology in the portand port area. The following figure shows
the specific system installed. (Stockholms stad, 2014)

166



Figure 18 Photovoltaic Installation in Stockholm Port (Stockholms stad, 2014)

Solar Irradiation Map Greece

The following irradiation map shows the average annual sum of irradiation per square meter of
Greece. Piraeus port can be found in the Athens area with an average of around 1950 kWh per square
meter annually.

Global horizontal irradiation Greece

Avavage paasal 1 sum (472004 - 32010} 5 s 100 ki

<1400 1500 1800 1700 1800 1900 > KWhim® © 2011 GeoMadel Solar 550

Figure 19 Solar radiation in Greece (solargis, 2016)

Wind turbines technology

The wind turbines technology together with the photovoltaic technology are the two most
dominant “green” technologiesand contain the biggest share in the renewables market. The working
principle of a wind turbine is to harvest, from the covering area of the blades when turning, the wind’s
kinetic energy and through a generator produce electricity. The usual tower height of a wind turbine is
about 50m and the blade length is about 25m. The areaneeded to support a wind turbineis approximately
400m2. Onshore wind turbines can be found in a lot of ports today and there are also discussions
regardingthe electrification of ports through offshore wind turbines. Netherlands is one of the countries
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that wants to explore the offshore wind turbines opportunities in their ports of Den Helder, Amsterdam,
and Vlissingen (Holland Pioneersininternational business, 2014). An example of an offshore installation
can be found in the following figure.
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Figure 20 Offshore wind turbine installation configuration (Kaiser M. J., 2012)

The example of the port of Rotterdam

The port of Rotterdam has a master plan that contains the use of wind turbines in the port and
port area in orderto cover an amount of the electricity consumption of the port. As shown in the figure,
the yellow spotsare the wind turbines that are already operating and the blue sport are the wind turbines
underdevelopment. Currently the total capacity of wind powerinstalledin the port area is 200MW and
there are plans to increase the power installed to 300 MW by 2020. (Port of Rotterdam, Wind Energy,
2016)

Filters

[ T+]

WINDTURBINES - TO BE REALIZED (@)

WINDTURBINES - REALIZED

Figure 21 Wind turbine projects in port of Rotterdam (Port of Rotterdam, Wind Energy, 2016)
The example of the port of Shoreham

Another example of wind turbinesinstallation and operationin the portareacan be foundin the
port of Shoreham. The green energy produced by the two 100 kW wind turbines will be used in orderto
powerthe pumpsthat are usedinorderto replenish the waterlosttothe seawhen the lock gates of the
port are opened. Until now, the energy used for these pumps was delivered by the electricity and thus
from the energy mix of the UK which contains burning of fossil fuel. (Port of Shoreham, 2016)
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Figure 22 Wind turbine projects in the port of Shoreham (Port of Shoreham, 2016)

Small wind turbines technology

Exceptfrom the wind turbines with power more than 100 kW (sub-MW and MW) there are also
small wind turbines with power less than 10 kW that can be installed in the port area in order to cover
part of the electricity needs of the port. The small wind turbines can be installed not only on the field but
alsoonthe roofs of the buildings. The tower has aheight between 6m and 20m. Also, these wind turbines
can have blades notonly on the horizontal butalso on the vertical axis. An example of such turbines can
be found in the following figure. (U.S. Department of energy, 2016)

Figure 23 Small wind turbine projects (TVenergy, 2016)

Biomass power plant

The biomass power plant technology is applied in a lot of ports nowadays. The main process
behind the electricity generation (usuallycombined with heat production) is the thermo-chemical process
of combustion of the biomass. There are also cases where biomassis used in combination with coal (co-
fired) in ordertoreduce the use of the fossil fuel. However, the co-firing process should not be examined
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for the case of Piraeus port as the levels of emissions are high. The usual power installation of biomass
power plant is more than 5 MW. (International Renewable Energy Agency, 2012)

Figure 24 Biomass power plant in port of Stockton, USA (DTE Energy, 2016)
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Figure 25 Biomass power plant configuration (DTE Energy, 2016)

The example of the port of Ghent

In the port of Ghentthere would be constructed by 2019 the biggest biomass power plantin the
world, with power at the levels of 215 MW of electricity and 110 MW of thermal energy. The biomass
input will be suppliedby woodchips, wood pellets and agro-residues from thearea. The overallinvestment
of the powerplantwillbe atthe levels of 450m € and the offer 100 new job positions. (Powertechnology,
2016)

Biogas power plant

As explainedinthe chapter8, the biogas production comesfrom the anaerobicdigestion process.
The biogas contains methane and carbon oxides which are used for the heat and electricity production.
Thus, the exhaust gases of the combustion of the biogas contain carbon emissions. Furthermore, the
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process produces a low-carbon fertilizer as by-product which can be used in the agriculture sector. The
poweroutputof such installations can be usually found at the level of 100 kW up to 5 MW based on the
availability of the area and of the resources (Burkard T., 2009). Moreover, there are discussionsthatare
taking place in the Piraeus port nowadays regarding the use of biogas not for energy production, butasa
fuel for the local ferries (Piraues chamber of commerce and industry, 2016).

The following figure explains in detail the process and the parts that this process contains:

District Heating

Digester 2

—

bio waste bio-fertiliser

manures

Figure 26 Biomass power plant configuration (Keitel H.V., 2014)

Hydrogen - SOFC/ GT

The technology of hydrogen extraction from refineries with a Solid Oxide Fuel Cell —Gas turbine
system should be examined separately for its two different steps. Firstly, it is important to define how
hydrogen can be extracted from the refinery. In the chemical processes that take place inarefinery, there
are products off-gases rich in hydrogen. The most efficient method of extracting the hydrogen from the
off-gasesis called steam reforming. There are several equipment that perform steam reforming with the
most common to be Pressure Swing Adsorption (PSA) which gives high purity hydrogen product (99.9% or
higher) which reducesthe cost of pre-treatment of the hydrogenbeforeitsintroduction tothe SOFC—GT
system. (Rostrup-Nielsen J.R., 2005)

Secondly, itisimportantto describe the SOFC— GT hybrid system. The hydrogen produced in the
steam reforming process will be compressed and stored. It willbe used as aninput to the SOFC which will
produce electricity and heat. Also, in cases when the catalyst used inthe fuel cell is nickel, the gases that
contain hydrocarbons can be used as input without steam reforming. The reforming takes place on the
anode of the fuel cell due to its high temperature. But this method reduces the lifetime of the materials
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and increases the poisoning risk. The hydrogen — SOFC / GT technology has high efficiency and is
recommended in applications combined with refineries that can be foundin port areas. (ChindaP., 2012)

Generator :
Cathode

I
sorc D

Anode

Figure 27 SOFC — GT system 220 kW (Mc Larty D., 2016)

Tidal energy technology

The tidal energy is referred to the harvesting of the energy that can be found in the natural
horizontal flow of the seawaterin responseto the interactionwith Moon, Earth and Sun. Athe seawater
is 832 timesdenserthan the air and currents contain more kineticenergy than wind, a smallerdevice is
required in comparison to wind energy technologies. Itis estimated that worldwide there are 50,000 MW

of economicallyexploitableresources. An example of designs of atidal current turbineis presentedbelow.
(MEYGEN, 2016)

e

Figure 28 Example of designs of tidal current turbines (Marine Turbines, 2016)

The examples of the port of Dover and Pembroke

Although the technology is not marketable yet, there are some initiatives regarding the
installation, monitoring and further development. Such initiatives can be found in two ports of UK, the
port of Dover and the port of Pembroke. The portauthorities of Doverhave setatidal investigation zone
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with a total area of 0.45 km2. The investigation about the feasibility study covers economic,
environmental and practical aspects of a small scale devices. Based on the results port authorities will
decide whether to further invest or not to such technology. (Port of Dover, 2016) Moreover the port of
Pembroke created a partnershipwith companiesrelated to the marine energy and more specifically, tidal
currentturbinesinorderto developtheirproducts. The main advantageisthe 4m/s current flow that can
be met around the port which makes it capable of extracting 5,600 MW of power. (Port of Pembroke,
2016)

TOPSIS input and results (Python)

The Topsis method is applied for three cases of stakeholders:

« all stakeholders
« only direct stakeholders
« only indirect stakeholders

The Topsis algorithm needs:

o amatrix of scores per criterion and per technological alternative (e.g. for PV, Wind
turbines etc.)

e avector of impacts per criterion, 1 if it has positive impact, -1 if it has negative

e avector of weights per criterion, derived from the AHP

These are derived from the input data which is read per case.

Code:

class topsis:
def __init_ (self,matrix):
self.rows=1len(matrix)
self.cols=len(matrix[0])
self.idealPoints=[max(x) for x in zip(*matrix)]
self.worstPoints=[min(x) for x in zip(*matrix)]

pass

def setPoints(self,idealPoints,worstPoints):
self.idealPoints=idealPoints

self.worstPoints=worstPoints
def normMatrix(self,matrix):

squareMatrix=[[y**2 for y in row] for row in matrix] #elevation square

matrix
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vectorSumSquare=[sum(x) for x in zip(*squareMatrix)] #get vector of column
sum og square matrix

normMatrix=[[z/v for z,v in zip(row,vectorSumSquare)] for row in
squareMatrix] #normalize Matrix: TOPSIS algorithm: STEP 1

return normMatrix

def weightMatrix(self,normMatrix,weight):
normWeightMatrix=[[ z*w for z,x in zip(row,weight)] for row in normMatrix]
#weight normalized matrix: TOPSIS algorithm: STEP 2

return normWeightMatrix

def idealPointDistance(self,normWeightMatrix,idealPoints): #distance fro

idealpoint: TOPSIS algorithm: STEP 4
mat=[[(x-y)**2 for x,y in zip(row,idealpoints)]for row in normWeightMatrix]
sumDifferenceVector=[sum(x) for x in zip(*mat)]
idealPointsDistance=[x**0.5 for x in sumDifferenceVector]

return idealPointsDistance

def negativePointDistance(self,normWeightMatrix,worstPoints): #distance from
idealpoint: TOPSIS algorithm: STEP 4
mat=[[(x-y)**2 for x,y in zip(row,worstPoints)]for row in normWeightMatrix]
sumDifferenceVector=[sum(x) for x in zip(*mat)]
negativePointDistance=[x**0.5 for x in sumDifferenceVector]

return negativePointDistance

def relativeCloseness(self,): #relative closeness - TOPSIS algorithm STEP 5
relativeCloseness=[(n/(n+p)) for n,p in
zip(negativePointDistance,idealPointsDistance)]

return relativeCloseness

def runTOPSIS(self,stdMatrix,weight):
"""process the matrix and get the ranking values for each alternative

pass

if __name__ == '__main__"':

main()
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In [1]:
from skcriteria import topsis
import pandas as pd

Overall

The input data is read:

In [2]:
data = pd.read_csv('topsis_input_overall._csv')
data

Out[2]:

Wind Small wind

Criteria Name \Weights | Impact PV turbines | turbines

0 |profitability 0.78 positive 5 |7 3
1 [circularity 0.78 positive 5 5 5
2 g;;frg::e“ra" 0.78  |positve 5 5 5
3 |emissions 0.93 negative 5 5 5
4 noise 0.93 negative 5 9 7
5 lexternal safety 1.48 positive 5 3 5
6 health risks 1.48 negative 5 5 5
7 capacity 0.95 positive 5 9 9
8 |availability 0.95 positive 5 7 7
9 |longetivity 0.95 positive 5 3 3
10 employment 0.95 positive 5 7 7
11 |aesthetics 0.95 positive 5 |3 3
In [3]:

scores = data.ix[:,3:].astype(float).transpose()
scores

Out[3]:
01234567891011
PV 55555555555 5
Wind turbines 75559359737 3
Small wind turbines 35557559737 |3
Biomass power plant 57777377399 5
Biogas power plant 59977377399 7
In [4]:

power plant

Ol ©] ©| W| N N W NN

N ool w| NN wlN~

plant

Biogas
power
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impacts = data["Impact"].apply(lambda x: 1 if x == "positive" else -1)

impacts
Out[4]:

OCoOoO~NOOUIA_WNEO

10

11
Name:
In [5]:
weights = data["Weights']
weights

1
1
1
-1
-1
1
-1
1
1
1
1
1
1

mpact, dtype: int64

Out[5]:

0 0.78
1 0.78
2 0.78
3 0.93
4 0.93
5 1.48
6 1.48
7 0.95
8 0.95
9 0.95
10 0.95
11 0.95

Name: Weights, dtype: float64
Applying Topsis:

In [6]:

rank, points = topsis.topsis(scores.values._tolist(),

weights._tolist())

impacts.tolist(),

The rank variable contains the ranking of every order alternative and the points is the distance

of every alternative to the ideal and anti-ideal points.

In [7]:

for [r, name, p] in sorted(zip(rank, scores.index.values.tolist(), points)):

print "{}. {3 -> {3".format(r, name, round(p,3))
Biogas power plant -> 0.544

PV -> 0.496

abrwWNPE

. Wind turbines -> 0.427

Biomass power plant -> 0.472
Small wind turbines -> 0.466
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Direct stakeholders

The input data is read:

In [8]:
data = pd.read_csv(''topsis_input_direct.csv')
data
Out[8]:
. i i Biogas
Criteria Name |Weights | Impact PV W'.nd Small_vvmd Biomass power
turbines | turbines |power plant
plant
0 |profitability 0.94 positive 5 7 3 5
1 (circularity 0.94 positive 5 5 5 7
p entrepreneural 1 o4 ogiive 5 5 5 7 9
synergies
3 'emissions 0.88 negative 5 |5 5 7 7
4 noise 0.88 negative 5 |9 7 7 7
5 lexternal safety 1.50 positive 5 |3 5 3 3
6 health risks 1.50 negative 5 |5 5 7 7
7 capacity 1.12 positive 5 9 9 7 7
8 |availability 1.12 positive |5 |7 7 3 3
9 |longetivity 0.80 positive 5 3 3 9 9
10 employment 0.80 positive 5 7 7 9 9
11 aesthetics 0.80 positive 5 3 3 5 7
In [9]:
scores = data.ix[:,3:]-astype(float).transpose()
scores
Out[9]:
0123456(7891011
PV 55555555555 5
Wind turbines 75559359737 3
Small wind turbines 35557559737 3
Biomass power plant 57777377399 5
Biogas power plant 59977377399 7
In [10]:
impacts = data["Impact™].apply(lambda x: 1 if x == "positive” else -1)
impacts
Out[10]:
0 1
1 1
2 1
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3 -1

4 -1

5 1

6 -1

7 1

8 1

9 1

10 1

11 1
Name: Impact, dtype: int64
In [11]:
weights = data["'Weights']
weights
Out[11]:

0 0.94
1 0.94
2 0.94
3 0.88
4 0.88
5 1.50
6 1.50
7 1.12
8 1.12
9 0.80
10 0.80
11 0.80

Name: Weights, dtype: float64
Applying Topsis:

In[12]:
rank, points = topsis.topsis(scores.values.tolist(), impacts.tolist(),
weights.tolist())

The rank variable contains the ranking of every order alternative and the points is the distance
of every alternative to the ideal and anti-ideal points.

In [13]:

for [r, name, p] in sorted(zip(rank, scores.index.values.tolist(), points)):
print "{}. {} -> {}".format(r, name, round(p,3))

Biogas power plant -> 0.514

Small wind turbines -> 0.487

PV -> 0.484

. Wind turbines -> 0.468

Biomass power plant -> 0.435

b wWNRF

Indirect stakeholders

The input data is read:

In [14]:
data = pd.read_csv(topsis_input_indirect.csv")
data
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Out[14]:

o . Wind | Small wind | Biomass
Criteria Name |Weights | Impact PV turbines turbines  power plant
0 |profitability 0.67 positive 5 7 3 5 5
1 (circularity 0.67 positive 5 5 7 9
o entrepreneural o o | ditive 5 5 5 7 9
synergies
3 |emissions 0.97 negative 5 5 5 7 7
4 noise 0.97 negative 5 |9 7 7 7
5 lexternal safety 1.46 positive 5 |3 5 3 3
6 health risks 1.46 negative 5 |5 5 7 7
7 |capacity 0.81 positive 5 |9 9 7 7
8 |availability 0.81 positive 5 7 7 3 3
9 |longetivity 1.05 positive 5 3 3 9 9
10 employment 1.05 positive 5 7 7 9 9
11 aesthetics 1.05 positive 5 3 3 5 7
In [15]:
scores = data.ix[:,3:].astype(float).transpose()
scores
Out[15]:
0123456(7891011
PV 55555555555 5
Wind turbines 75559359737 3
Small wind turbines 35557559737 3
Biomass power plant 57777377399 5
Biogas power plant 59977377399 7
In [16]:
impacts = data["Impact™].apply(lambda x: 1 if x == "positive" else -1)
impacts
Out[16]:
0 1
1
2 1
3 -1
4 -1
5 1
6 -1
7 1
8 1
9 1
10 1
11 1

Biogas
power

plant
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Name: Impact, dtype:

In[17]:

int64

weights = data["'Weights']

weights
Out[17]:

Oooo~NOOUA WNEFLO

10
11

PRPRPRPOORFRPRFLPOOOOO

.67
.67
.67
.97
.97
.46
.46
.81
.81
.05
.05

05

Name: Weights, dtype: float64

Applying Topsis:

In [18]:

rank, points
weights.tolist())

topsis.topsis(scores.values.tolist(),

impacts.tolist(),

The rank variable contains the ranking of every order alternative and the points is the distance
of every alternative to the ideal and anti-ideal points.

In [19]:

for [r, name, p]

print "{}. {3 -> {}".format(r, name,
Biogas power plant
PV -> 0.503
Biomass power plant -> 0.5
Small wind turbines -> 0.446
. Wind turbines -> 0.393

b wWNRF

-> 0.569

round(p,3))

in sorted(zip(rank, scores.index.values.tolist(), points)):
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Appendix F — Chapter 6

This part of the appendix refers to the interviews and their remarks that are related to the
application of the developed decision making tool. The overall duration of the interview was 1 hour.
Duringthe first 35 minutes, the explanation of the tool took place. The interviewee had the possibilityto
intervene with questions. This interaction with the author provided with more reliable remarks. The
second part of the interview is the discussion of the specific topics of importance that were set by the
author. The interviewees are asked to develop their ideas about the specific topics and the author
intervenes with extra questions in order to explore deeper their thoughts. The duration of this part is
approximately around 20 minutes.Finally, the last part consiststhe summaryof the discussion part where
the most important remarks are highlighted. This part lasts around 5 minutes.

Time allocation

m Explanation of the tool
Discussion on the specific topics

Main conclusions

Figure 29 Time allocation - interviews

The four participants that were chosento be interviewed were chosen based on theirrelevance
with the decisionmaking processin boards that participate different stakeholders. Also, another criterion
is the relevance with the port of Piraeus. Finally, all the interviewees have been already participated in
the application of the toolwhich meansthat they have already the experience of its use. More information
about the participants can be found in the appendix E. The topics of importance are expressed by the
guestions that are presented below.

Topics of Importance - Questions

What is your general idea about the tool? (Comments)
Is the general scope of the tool clear? (Ease of understanding)

How easily canyou understand whatis expected to be done when executing the steps of the tool? (Ease
of understanding)

Do you believe that the tool can be used directly to assist the decision making process? (Applicability)
What are the main assets that the developed tool brings to the decision making process? (Advantages)

What issues can you identify that may provoke unwilling situations and affect the reliability of the tool?
(Disadvantages)

Can you recommend specific fields of improvement? (Future research recommendations)
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Replies of the interviewees

Dimitra Karvouni

1.

Do you have experience with decision making tools?

e No (only analysis of their results)

What is your general idea about the tool?

e |t consists an interesting tool that can assist the decision making process

e [tisimportant that takes into account the circular economy except for only the performance of
the technologies. Its importance is highlighted by EU guidelines for the municipalities

e [tisimportant thatit takes into account the decision criteria of all the stakeholders.

Is the general scope of the tool clear?

e |find the scope clear enough

How easily canyou understand whatis expected to be done when executing the steps of the tool?

e Allthe stepshave specificinstructions which contributes in the simplicity of understanding. Also
the example of the tables show how the output would be like which helps to realise better the
instructions.

Do you believe that the tool can be used directly to assist the decision making process?

o | would not use it directly before the validation and, if possible, verification results. However, it
could be a good contribution in the decision making process.

What are the main assets that the developed tool brings to the decision making process?

e |t takes into account the public opinion, the residents and the passengers.

e It takes into account the circularity opportunities.

e Oneimportantadvantage is thatthe stakeholders can have an estimation on what to expect from
the technology implementationbased on the values as decisioncriteria. That can be identified by
the comparison of the technologies with the use of Pugh’s matrix.

What issues can you identify that may provoke unwilling situations and affect the reliability of the
tool?

e The numberofthe criteriashould not exceedaspecificlevel. It may become confusing when their
numberis high. Forinstance, in case thatthereare alot of technologies and more than 20criteria,
that may create an issue in comparing them.

182



e Shouldbe lessautomated process for the final selection of technology. The TOPSIS provides the
best technology based on optimized trade-offs. It is important for the flexibility of the tool to
provide the option of intervention to the decision makers.

e Technology implementation issues are not taken into account.

8. Canyourecommend specific fields of improvement?

e [tisimportant to provide a plan of use of the tool for the case that a change is occurred.

e [tispreferable the trade —offsto be performed by acombination of the decision makers and the
TOPSIS. Thus, flexibility can be achieved.

o Theimplementationissues of the technology should be taken into account during the evaluation
of the technologies.

Konstantinos Mavroudis
1. Experience with decision making tools?

e Yes (TOPSISand customized preference tools developedin excel for comparison of technologies
based on their performance (quantitative data))

2. Whatis your general idea about the tool?
e ltisaninteresting approach that can save time from the meetings.
e Dynamictool that explores both the latest technological artefacts and business situation.
e |t provides the possibility to start from a certain basis the discussion of choosing a technology.
That basis refers to the importance of the values as decision criteria for the stakeholders.
e |t consists a way to quantify the decision making process which is considered as a qualitative
process.
e Satisficing method is important in order to reduce the number of the examined technologies.
3. Isthe general scope of the tool clear?
e |find the scope of the tool clear and easy to be understood
4. How easilycanyouunderstand whatis expected to be done when executing the steps of the tool?
e It was easyto understand whatis expected by each step, the input asked and the output given.

5. Do you believe that the tool can be used directly to assist the decision making process?

e The tool can be used directly as supplementary tool.
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What are the main assets that the developed tool brings to the decision making process?

It quantifies difficult concepts such as the values that are used as decision criteria.

The process saves a lot of time from long meeting with all the presence of all the stakeholders.
The tables of the method as well as the finalresults of the method (most appropriate technology)
can set a framework of discussion during the meetings.

Every stakeholder accepts the common language of the “numbers”.

Automated process which asks for minimum intervention by the decision makers.

What issues can you identify that may provoke unwilling situations and affect the reliability of the

tool?

There might be anissue of understandingwhich can lead to confusionin cases thatalot of criteria
and technologies are used. That may lead to the “loss” of the overall picture regarding the
stakeholders’ situation and the technologies.

The independence of the values should be explored in order to achieve more reliable results.

The Pugh’s matrix may provide with biased data.

8. Canyourecommend specific fields of improvement?

It would be betterif the decision criteria could be minimized ata numberof 6 or 7.
Independence of the criteriashould be secured.

Explore methods to produce more objective results for the Pugh’s matrix especially for the
qualitative criteria that cannot be measured.

Stavros Oikonomou

1. Experience with decision making tools?

Yes (customized tools developed for the Public Power Corporation that concern multi-criteria
analysis and neural networks)

2. Whatis your general idea about the tool?

| believe that is an interesting tool which can have application not only in the port’s but also to
other fields that the stakeholder values “work” as decision criteria.

The current ports’ economicand policy situation is expressed through the weightingof the values
as decision criteria by the stakeholders. That makes the process less complicated.

The decision makerdoesnotinterveneinthe processwhich provides withmore objective results.

3. Isthe general scope of the tool clear?

| believe | fully realised the scope of the tool.
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How easily canyou understand whatis expected to be done when executing the steps of the tool?

e | had noissues to identify the reasoning and the expected outcome of the steps.

Do you believe that the tool can be used directly to assist the decision making process?

o | believe that the tool can used directly as a supplementary tool to support the decision making
process.

What are the main assets that the developed tool brings to the decision making process?

e |t consists a fast process compared to the issues it solves.

e Oneofthe mostimportantassetsisthatithasdynamicinputof data. Alwaysthe currentsituation
is taken into account in terms of stakeholders’ interests and available technologies.

e The tool provides the capacity of using a lot of criteria for the evaluation of the technologies.

What issues can you identify that may provoke unwilling situations and affect the reliability of the
tool?

e Risk of biased results at step 8 (Pugh’s matrix).
e Absence of sensitivity analysis of the decision criteria.
o The use of a 5-point scale may create problems when the scores of the results are close.

Can you recommend specific fields of improvement?
o Use of 10-pointscalein orderto provide results with larger differences among the scores.

e Sensitivity analysis forthe decision criteriashould be included.
o Explore othermethodstoreplace the Pugh’s matrixin orderto reduce the risk of biased results.

Alexandros Euaggeliou

1.

2.

3.

Experience with decision making tools?

e Yes (several tools, mostly customized for economic performance analysis)

What is your general idea about the tool?

e Innovative approach to assist the decision making

e ltisimportant that it takes into account more criteria than just the economic ones

e Givesa“direction”tothe decision makers (board members and managers) regarding the complex
decision making situation as far as the stakeholders and their values is concerned.

Is the general scope of the tool clear?

e | find the scope of the tool clear
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How easily canyou understand whatis expected to be done when executing the steps of the tool?

e | had no problems of understanding the steps.

Do you believe that the tool can be used directly to assist the decision making process?

e Thetool hasthe potential to be used directly. However, in the beginning as a supplementary tool.

What are the main assets that the developed tool brings to the decision making process?

e One of the most important assets is that the chosen technology can balance the value conflicts
and increase the acceptance of the technology to be implemented.

e [tislesstime consuming than the “business as usual”.

e |t takes briefly into account all the important criteria for decision making including the
performance criteria of the technologies and the values of the stakeholders.

What issues can you identify that may provoke unwilling situations and affect the reliability of the
tool?

e There might be difficulties in the communication of the emission footprint concept.

e Usually the economicgrowthis the most important decision criterion. That may not be the case
for this tool.

e Some stakeholders may not want to openly reveal their values as decision criteria.

Can you recommend specific fields of improvement?

e Explore waysto assign higherweighttothe economicgrowthin comparison to the other values
by servingin parallelthe rest of thevalues.Forinstance a percentageincrease of the weight which
is related to the overall weight identified in the AHP analysis. The economic growth is the main
driver of the technology implementation and operation.

o Set of specificrules regarding the input data of the stakeholders that concern the groups of
individuals such as the residents, port users etc. For instance, create a survey for the residents,
for the passengers etc.

e Validationwith the applicationof the tool to several ports and studies that referto the opinion of
the stakeholders after the implementation and operation of the technology.
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