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Abstract. Ports are known to be one of the most polluting sectors, and therefore
provide an opportunity to reduce emission significantly. Until now, the attention has
been given to reduction of emissions in transport and shipping. The scope of research
must expand to include port infrastructures, which should be made more sustainable.
In many industries, sustainable purchasing and procurement is already integrated, but
the procurement by port authorities for construction works seems to be lagging
behind. The objective of this paper is to promote sustainable procurement, through
preparing a tool, method or model that can be easily used by all stakeholders.

The research has been divided into four phases: Analysis, Synthesis, Smulation and
Evaluation. In the first phase, i.e. Analysis, insight is gained in the processes for
(sustainable) procurement of different institutions and stakeholders, e.g. governments,
port authorities and contractors. In addition, the legal aspects of procurement are
examined. In the next phase, i.e., Synthesis, a procurement model is set up. This
requires a selection of procurement criteria based on Life Cycle Analysis, and a
selection of weight factors to be assigned to the various criteria. The format and type
of model too needs to be determined based on requirements such as flexibility,
stability and user-friendliness.



During the third step, i.e.,, Smulation the model is tested using reference contracts
from current or existing projects. The impact of different criteria can be examined in
this manner and, eventually, the model can be adapted. In the last step, Evaluation
and recommendations over the application of the model will be given.

Keywords. Sustainable Port Development, Infrastructure projects, Procurement, Life
Cycle Analysis, Value management, Sustainable management, Contract forms,
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1 Introduction

In 2006, the port of Los Angeles started the Sadr@8ay Ports Clean Air Action
Program (CAAP): it was the most ambitious prograrthie world for cleaner ports. It
led to emission reductions of 50 to 75 % in fiveangetime for DPM, PMs, PMyg,
NO, and SQ (see Fig. 1). After this success more and mota&iivies followed, like
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Fig. 1 Emission reductions port of Los Angeles (Port of llmgeles, 2011)

the WPCI (World Ports Climate Initiative) in 2008cooperation network of 55 ports
in the world originated from the International Asition of Ports and Harbors
(IAPH) for reduction of CO2 emissions.

These initiatives are started since ports are dritheo most polluting sectors while

much reduction of emissions can be realized. Urdil, the attention is focused on
cleaner transport and shipping. This study broadimes scope to cleaner port
infrastructure. For more sustainable infrastrucgurstainable procurement criteria are
needed. The goal of the study is to realize a pesoant model with different criteria

for more sustainability. This is done by a reseasttich is divided in four phases:

Analysis, Synthesis, Simulation and Evaluation.



2 Analysis

In this phase different topics are studied abootprement in general, the role of
sustainable criteria in the procurement process, abmmercial (dis)advantage of
sustainable management and the visions and poliaiesind sustainable port
development. As a part of this analysis severaliggirare interviewed about their
views and policies.

2.1 Procurement Process

European ports are bounded to European laws asd ffaats are obliged to European
public procurement above a certain contract sumnaaualy port infrastructure projects
sums exceed this value. When it is a matter of ipubliropean procurement Port
Authorities have the choice for procurement witedection based on the lowest price
or the most economically advantageous tender. @stectiterion is a criterion which
selects the alternative with the best price-qualityjo. This can be realized by setting
criteria for a more sustainable alternative.

One of the goals of this study is to make a progecsustainable as possible. In the
procurement phase of a project it does not depeng foom setting sustainable
criteria. The choice for a type of contract is vanportant. Lately innovative contract
forms, e.g. D&B and DBFM, are more popular. Whemgghese types of contracts,
contracting companies gain more freedom and inflaen the design of the project.
Therefore more different kinds of alternatives gvessible which helps the
sustainability. Besides, there are many innovattemtract forms in which the
contractor for a longer period is involved, e.g.nttact forms which include
maintenance and engineering. In practice thesela@wents has led to the applying
of Life Cycle Analysis (LCA) by contractors leaditg a higher value of the project
(Sieswerda, 2010). This is an important propertyao$ustainable project design:
projects should not only be sustainable for a kahiperiod of time, but also during
their whole lifetime.

2.2 Economical Effects of Sustainable M anagement

In most industries (especially industries in consumarkets) sustainable purchasing
and procurement is already integrated, more thanptirt sector. According to the
study of Adams (Adams, Quinonez, Pallis, & Waken20Q9), many port authorities
approach sustainability in a negative way: sustalityp is seen as a necessity for
reducing external effects (e.g. emissions), instefathe optimization of advantages
like retaining and attracting clients while otherdiistries make use of these
advantages of sustainable management. AccordijToand the Boston Consulting
Group (Berns, et al., 2009) sustainable managehsnimany commercial advantages
which lead to a larger return for shareholders (Sgare 2). Ports should make use of
these advantages and sustainable procurement & dme possibilities to realize this.
Using sustainable policies ports will get a beftaage which lead to a license to
operate and a license to grow.

12 large contracting companies, 2 port authorities,government and a NGO



Potential * Astronger brand * Greater operational * Enhanced ability * Improved = Enhanced abilityto |  Lower market, * Lower cost of

Impacts of and greater efficiencies 1o attract, retain customer loyalty,  enter new markets balance-sheet capital
Sustainability ~ Picing pOWer o More efficientuse  and motivate lower rate of chum  » More potential and operational  « Greater access to
Efforts of resources employees sources of revenue risks capital, financing
« Supply chain = Greater employee and insurance
optimization productivity
* Lower costs and
taxes
Value " Employee .
Creation Pricing Cost Hoc ikt and Market New Risk Cost of
Liirs Power Savings Engagement Share Market Entry Premiums Capital
Margin Improvement Revenue Growth
Profits Free Cash Flow Valuation Multiple
Total Shareholder Return

Fig. 2. Advantages of sustainable management (Berns, 208I9)

Besides advantages, sustainable and innovativeatiqesl management can have
disadvantages. Most of these disadvantages hade teith uncertainties about the

future due to the fact that in many cases sustinatvestments are long term

investments. A second disadvantage is the risknwasting in innovation. Private

parties incline to make fewer investments in inrimradue to the risk of spillovers of

knowledge, investment risks and the differencebenefits between companies and
the society in general.

2.3 Analysisof Actors

By making an analysis of the views and policies tbé different actors (e.g.
governments, port authorities, contractors, etmyolved in sustainable port
development insight is gained in the interests #red importance of the different
topics. One of these actors is the Dutch governmémth set different themes that
are important in sustainable port development (Marie van Verkeer en Waterstaat,
2008). These themes include: use of space; mobilitie hinterland; development of
nature; air quality; environmental management; gneCO2 emissions and waist
flows; water quality. Research company CE Delft kasindicators based on these
themes to measure the sustainability of the DutatsgFaber, Nelissen, Verbraak, &
den Boer, 2010), which can be used for settingasmesbility criteria. Based on the
themes there is made an inventory of the diffetepics of attention from the actors.
The conclusion is that most attention is going tei@nmental management (e.g.
cooperation in knowledge, use of environmental rgangent systems, 1S014001)
and energy, CO2 emissions and waist flows.

2.4 Interviews

As mentioned before, different parties from the qorement process were
interviewed. Here, the most important conclusiomspacked from the results. Due to
the number of respondents, a statistical conclusaamot be made but the results are



very useful to get insight in different views amalutions. There was consensus in
opinion about some topics, but there were manyctopiith disagreement too. This
shows that more research has to be done abowtubject. Most respondents were of
opinion that especially the large companies in thalding sector see the
(commercial) advantages of sustainable managen&mall companies still link
sustainability with extra costs. There was agreé¢nem about the proposition that
sustainability should come from the contractoregast of the awarding authority. But
the companies gave very different answers to thestipn if contractors are given
enough space to make this possible. All respondeete of opinion that owners
choose contracting forms which give too little sp&ar innovation. Together with the
opinion that sustainability should come from thentcactor the conclusion can be
made that contractors do not have enough spaealiae sustainable projects.

There was disagreement too about the question eifettshould exist a general
procurement model for the whole soil, road and aytic building sector instead of a
model that is focused on the project itself. Asatage of such a model the ease of
application is mentioned. A disadvantage couldHheelack of freedom and the fact
that every project is different.

It was very noticeable that most respondents didnéntion air quality as an
important criterion for sustainability, while aiuglity is the number 1 topic in the
several sustainable initiatives of internationattg.o

3 Synthesis

In this phase of the research the criteria of teeyrement model are set. After the
choice of the criteria an evaluation method is enosviith weight factors for the
criteria. These choices are based on requiremeritexability, adaptability, stability,
transparency and user-friendliness.

3.1 Criteria

Before setting criteria, the question has to bevansd which criteria will contribute
to a more sustainable port infrastructure. To bk db answer this question a
definition for a sustainable port is needed. Irsthtudy there is referred to the
definition of the Dutch and Flemish environmentanigations (Dekker, 2008): a port
with an optimal balance between performance ofrmss economics, utilizing the
available capacity, limited use of space, minimagative influence on the
environment and a relation between port and hiatekrl This is a very important
definition for this study. To reach this eleventeria are mentioned in the referred
report. These criteria combined with the differamicators for sustainable ports set
by CE Delft and the People, Planet, Profit defomitiof sustainability led to different
themes which are important when approaching susténport development. Then,
the themes are translated to indicators for poifagtructure after analyzing the
application of the themes on infrastructure. Afsstting the indicators for the
sustainability of port infrastructure, criteria cha formulated. This has led criteria
divided in 3 classes based on Life Cycle AnalyBisople, Planet and Profit. People



contents the social criteria as corporate sociapaasibility, Planet consists the
criteria for the environment, e.g. emissions angetigpment of nature, and the Profit
criterion will be formulated as the financial NeeBent Value.

3.2 Evaluation of Alternatives

After selecting different alternatives from the den for the project, the alternatives
have to be evaluated to determine the most subtaiadternative. There are different
evaluation methods to assess the selected altexaain the different criteria. In this

study distinction is made between monetary evalnatiethods, overview tables and
multicriteria evaluations. Monetary evaluation nogth can be a cost-benefit analysis
or cost-effectiveness analysis. For these methbds necessary to translate the
different effects of the criteria to shadow priceSometimes this can be a
disadvantage.

Another method is the use of overview tables asaarfihg Balance Sheet, a Goals
Achievement Matrix or a score card method. The fis® methods are focused on the
social effects.

Multicriteria evaluation methods (MCE) have the adtage that it can be applied on
both quantitative as qualitative data. There afferdint types of MCE methods. In
this study there is made a selection of the mostd USICE methods in civil
engineering: the weighted summation, the permutativethod, a concordance
analysis, multidimensional scale methods and tlaeacheristic value method.

After making an analysis of the advantages, disaidgges and the applicability, an
evaluation method is chosen. This method will begrated in a computer program,
e.g. a work sheet, in which the different effeatd the most preferable alternative can
be calculated.

4 Simulation

At the moment of writing of this paper this phases Istill to be worked out. In the

Simulation the developed procurement model wilapgplied to different tenders from

the past for infrastructure projects in the port Riétterdam. The impact of the

different criteria can be examined. When necesdhgymodel can be adapted. This
phase is a test for the stability, reliability dtekibility.

4.1 Evaluation

The Evaluation consists of a study to the possigsliand restrictions of the model.
Besides, research will be done to the possibilitgdapting the model for applying to
other types of contracts, e.g. land lease contrdttis can be very useful since it is
plausible the companies that are using the pod &erminal operators, refineries,
chemical industries, etc.) have the largest coutidln to the total environmental
effects inside the port.

At last recommendations will be given about theligption of the model.
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