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PREFACE

This document is written in partial fulfiiment of the requirements for the degree of the Master of
Science in Civil Engineering at Delft University of Technology. The research was carried out in
cooperation with the independent institute for applied research in the field of water and subsurface,
Deltares, within COREALIS, a Horizon 2020 EU project. COREALIS consists of 9 Working Packages
(WPs) and Deltares is leading on WP4 objective, that consists of the governance and decision making
in the Port of the Future project. The realization of this objective is proposed from COREALIS to be
achieved through “the extension of the Port of the Future Serious Game (PoFSG) in contents and
functionality to facilitate stakeholder engagement”.

The outcome of the thesis aims to assess the sustainability of Mediterranean container terminals,
though the case studies of Piraeus and Livorno and based on the results, develop tools that can
serve as an input to the extension of the PoFSG.

This is the public version of my thesis. Information from the COREALIS project that was mainly
accessed from meetings and regards the two port case studies has been used. Due to confidentiality
reasons, public access is not given as the report contains data that cannot be available to the general
public (Port of the Future Serious Game details, Piraeus and Livorno ports’ confidential data,
COREALIS unpublished data).
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SUMMARY

Nowadays, that ports are among the most important nodal points of the world supply chain, they
are considered to have a central role to the efforts of improving the sustainable performance of the
supply chain at a local or global scale (United Nations, 2018). The largest part of the European ports
are engaged into addressing proactively environmental and societal issues in order to obtain an
always more sustainable development (ECOPORTS 2017), however there are several sources that
indicate that there are gaps and barriers that impede the Mediterranean container ports’
sustainable development (Aurelio Tommasetti, et al 2014,Buiza et al. 2015). More specifically, in the
ports of Piraeus and Livorno, the concept of sustainability is not yet well-thought-out in the decision-
making process and various problems exist obstructing their sustainable development.

In order to solve the problems that are identified in the ports and are closely related to sustainability,
there is an emerging need to assess their current performance.

A framework is developed to assess the sustainable performance of ports and specifically container
terminals. Specialized container terminals in modern ports have all the characteristics to be
considered independent units of the port and as such a separate approach of the stresses they
produce and their sustainability is appropriate in order to assess with objectivity their impacts. The
creation of the Port Sustainability Assessment Framework (PSAF) allows the comparison of the
current state of terminals with the desired state. The desired state is defined by the author, based
on operational objectives/targets related to the factors related to the port activity which are
considered to affect significantly People, Planet and Profit, the sustainability themes. Through the
comparison of the current and desired state of the ports, their sustainability performance is
evaluated as a percentage of achievement of the operational objectives/targets of each People,
Planet and Profit category.

Additionally, the sustainability of ports is also assessed based on the perceptions of the stakeholders,
by means of a questionnaire. In other words, port sustainability is approached based on the
stakeholders' views and insights on sustainability. Furthermore, in the same questionnaire, the
priorities of the stakeholders on various sustainability themes are assessed and the
importance/weight factors for all the sustainability themes are calculated.

Two container terminal case studies are used to apply the PSAF and assess their sustainable
performance, the container terminals of Piraeus and Livorno, two container terminals of different
size and challenges but both located in the Mediterranean. It can be concluded that the concept of
sustainability in the two case studies has not yet been embedded in their decision making and their
operations and subsequently their sustainable performance is relatively low.

Another aspect that this thesis study attempts to confront, is the need to extend the Port of the
Future Serious Game (PoFSG) in order to include in a realistic way port-city future developments and
impacts on the environment/ society, as well as to facilitate stakeholder engagement (Horizon 2020:
COREALIS, 2017). In that sense, several weaknesses of the PoFSG are identified, however; the focus
is drawn on mainly two aspects of the game that need improvement: the system based on which the
measures' performance to PPP is scored and the inclusion of relevant sustainable measures.

Therefore, a new Sustainable Performance Scoring System (SPSS) is created to score the measures
objectively. The strong point of the SPSS is that weight factors are integrated for each sustainability
theme so not only the effects of the implementation of measures on the port can be presented but
also their contribution to the sustainable development of the port city. In addition, measures related
to the most important sustainability themes, based on the stakeholders’ views (air quality/carbon
emissions and safety levels/climate change adaptation) are proposed and are scored using the SPSS.



The application of the sustainability measures is tested on the two terminals’ case studies and the
relevancies to the PoFSG are illustrated so that it can be ensured that they are helpful to the PoFSG.

For the rest of the weaknesses of the PoFSG, more generic recommendations are made. This will

result in making the game more dedicated to raising awareness based on local conditions and
consequently facilitating stakeholder's involvement.



TABLE OF CONTENTS

PREFACE ¢ eeeeeteeeeeeeeeteeesaeeeseteeeateesteeeaheeeatee e aeeehteeeheeeaateeetee e heee e beeeabeeeaateeenbaeenateenteeeabeeenreeene 4
ACKNOWLEDGEMENTS ....ciititiiiee ettt sit e e st e st e site e sbe e s sateesateesseteessbeeesbaeesaseesnseeessseesnseeenssessnseesnsseenn 6
SUMIM A RY e et e e ettt — e e e ee e et e ——aaeeeee et tb e eeeeaatta e aaeaearnes 8
TABLE OF CONTENTS ... ittt ettt et re e e e e e e et te b se e e e e e e e eas b s e e eeeeaaebas e s eeeeeeeessaaaaseeesenesssanns 10
TABLE OF APPENDICES ... .ottt sttt e s s s e e e e et a e s e e e e e e ae e b ae s e e e aeeaaabaaeeeeeeaaesnnanns 11
LIST OF TABLES ...ttt e e e e e et e e s e e e e e e eae b e s e e e e e e eeebaa e s eeeeeeasssaaaaeseaessaessnanns 12
LIST OF FIGURES ...cettiiieiti ettt sttt s e e e e et e s e e e e e e e aa b e s e e e e e e ae e aab e s eeeeeeaeebaaseeeaeeenesnnanns 14
GLOSSARY OF TERMINOLOGY ...ctttuiiieiiieeeitiiiiies e eeetiiiiss s s s e e e tettase s s e e e e et aabe s e e s aeeaaasaaaeeaeeaaeesssansseseeeennes 16
ABBREVIATIONS L.ttt ettt re s e e e e et e et e e e e e e et et b e e e eeeeeeaa s s eeeeesaaesaaaaseeesaeesssanns 17
1 INTRODUCGTION cttteet ettt e et s s s e e et e eaase s s e e e e e aaa b s e e e eeaaaesasannseeesannnes 18
1.1 (2T =4 Lo T8 Vo BTSRRI 18
1.2 Problem StatemMENT . ..o e e e e e e reeas 19
1.3 Objectives Of RESEAICN........coi et bae e e e rabee e e e eareeas 19
1.4 RESEAICH QUESTIONS ...eveieeiie ettt et s e et e e st e e aee e sate e ebeeesaseesnteeennseesnseeenns 20
1.5 Steps to answer the Research sub-QUEeSLIONS ........cccueviiiiiiii i 20
1.6 [ YI=F: [l oW g T=N g ToTo [o] fo =4V AU 22
1.7 Report outline and reader’s BUIHE ........c.uveie i e e e 23
2 ASSESSMENT OF CONTAINER TERMINALS’ SUSTAINABILITY ...coeoiereieeerieeriee e 25
2.1 Studying terminal processes to identify potential Stresses........cccoveciveeieciieeicciiee e 25
2.2 Port Sustainability Assessment Framework (PSAF) ......uuivi it 28
2.3 Application of PSAF on the two terminal case StUdIies ........cccceeveiveeeeiiiieeeciee e 34
3 ELICITATION OF STAKEHOLDER’S PERCEPTIONS ON PORT SUSTAINABILITY................. 38
3.1 Method for elicitation of stakeholders’ perceptions........ccccecveeviviiiiiiiciee e, 39
3.2 Stakeholder perception analysis and weights of sustainability themes...........cccceeeviieennns 40
3.3 Conclusions and resulting Weight factors ........ceeeiciei e 49
4 EXTENSION OF POFSG ...c.ctiiiiiiiiriiinieenie st enieesieesieesitestesbeesteesteesaeesatesneesseensessaeesnneses 51
4.1 Weaknesses Of the POFSG......coocuiiiiiiii ettt et 52
4.2 Sustainable Performance Scoring System (SPSS).....cccvieiiieeiieeeiie ettt 53
4.3 SUSEAINADITITY MEASUIES c...evieee it e e s sbee e e e sbee e e e sbeaeeesanes 57
4.4 Recommendations for the POFSG .......ccociiiiiiiiieiiee ettt siee e s 75
5 CONCLUSIONS AND RECOMMENDATIONS......coctirieerieeniienieeiesieeieesieenseeseeesseeseesnses 79
5.1 INEFOTUCTION ettt ettt st e e st e s bt e e sabe e sabeeesabeesabeesabaeesabeesnns 79
5.2 ANSWers t0 ReSEArCh QUESTIONS.........eiiiiiieeiiieciie st e et stee et e e sree e s aeeeaeeesnreeenes 79
53 6o Y3 Vo 111 To o - PSSR 83
5.4 (2] [Tt o T o -SSRt 84
5.5 Future research/ reComMMENTatiONS . ..cc..eveeeeeiii ettt et e e e eeeeeee e e e e e e e esereeeeessseseseeaeeeeesssanas 89

BIBLIOGRAPHY PPN 196



TABLE OF APPENDICES

AppendiX A LILErature REVIEW ...ccuiiieiciiiee ettt ettt e e e et e e e e ette e e e e btee e e sbaaeeesastaeeesanes 90
Al. Port sustainability — Green Port strat@gies .......veuccuieeeeiiieee et 90
A2. Stakeholder inclusion/ ManNagEMENT........c.eeeeveiiiee ettt ettt et 91
A3. Lack of application of sustainable port strategies from Mediterranean ports..................... 91
A4. Horizon 2020: COREALIS PrOjJECT....cco ettt ettt et e e e s e e e e e e e e 92
AS. Port of the FULUre SErioUS GAmME ......ciiiiiiiiiiiiee e eciee e ertee et e e s e e s sree e s s abee e s sareeas 94
A6. Frame of reference for policy development ... 95
A7.  Analytical Hierarchy Process (AHP) ........ocieociieeie ettt ve et e st eenae e s 96
A8. New Ecological Paradigm (NEP) ........c.coiiuiiiiiee ettt ste e tee e st enne e sree e 97
A9. Climate change iMmpacts iN SEAPOIES ..uiiiiiiii it 98

Appendix B Container terminal case studies — Piraeus and LivOrno........cccecvveeeeciveeeeciveeessineeen, 102
B1. (o] le) B AT 11U SRR 102
B2. (oY o 1Yo o o T TSP 104

Appendix C  Stresses of container terminal ..........cc.oeeieiiiie e 106
C1. Framework used to explore the potential stresses of container terminals ...................... 106
C2. Main bibliographiC SOUICES ......ciiiiiiiee et et e e e e e e etae e e e nreeas 108
C3. Cataloguing the container terminal's direct impactsS.........cceeeciieeieciiee e 109

Appendix D Definition of elements Of PSAF ............oiiiiiie ettt e 118
D1. (o T a1y A= [T Y=Y o PR TSRI 118
D2. [l <ToY o LY =T 0 g 1= o] 0 RPST 127
D3. o A =T =T o 0 1= o PSSR 132

Appendix E Table of elemMents Of PSAF ...ttt ettt bae e e e eanae e 138

Appendix F Info gathering actions for two port case studies ........ccccevcvveeiiiiiieecciiee e, 141

Appendix G Question form (QN1) to responsible parties (filling the gaps)......ccccceeveervveeiieercieenns 143

Appendix H  Current state of two terminal case studies...........ceevciieiiiiiiiiii i 145
H1. PLANET ottt ettt ettt e e e e s be e s bt e e abe e s be e e ehteesabeeebaeesaree s 145
H2. [ =ToT o LSRR 156
H3. PIOTIt coeei ettt sttt e et e s be e et e e sabee s baeesabaeeans 160

Appendix | Results of application of PSAF in case Studies ......cccceeveveeieiiciiei et 173

Appendix]J  Questionnaire layout, methodology and data processing........ccccceeevvveeiviiveeesicnnennnn. 176

Appendix K Summarized results of questionnaires for each group......ccccceeveeivccieeicccieee e, 190

Appendix L Table for experts to score the performance of sustainability measures to PPP ........ 194



LIST OF TABLES

Table 1: Distribution of interviewees in countries and stakeholder categories.........ccocceeevcvveeeccnnnnnn. 40
Table 2: Summary of results of questionnaires Processing Per SrouUp .......cccueeeecveeeeeiiveeeeicveeeeeiveeeens 41
Table 3: Penv-Pecon spread and NEP basic stats and normality test for the all questionnaires group
.............................................................................................................................................................. 43
Table 4: Percentage of AHP consistent PPP matriX per roUp.......cceecveeeeeiiieeesiiieeeesieeeessieeeessvaeeeens 44
Table 5: Environmental themes final weights for all questionnaires .........cccccvvvecveieciiiec e, 45
Table 6: Percentage of AHP consistent Environmental matrix per 8roup ......ccceccvveeeeeiveeesiiveeesncneeens 45
Table 7: Societal themes final weights for all qUESLIONNAITES .....vvviiiiiiiiiec e 46
Table 8: Percentage of AHP consistent Societal matrix per Sroup .....ccccceeecvveeericieeeeiiiee e esieee s 46
Table 9: Economic themes final weights for all qUEStIONNAIFES ......ccccvviiiiiiiiiicce e 47
Table 10: Percentage of AHP consistent ECONomic MatriX Per Sroup .....cecccuveeeecuieeeeiiveeeesineeesseneeeens 47
Table 11: Priorities Of the PPP themES ...ttt svae e e s raae e 50
Table 12: Application of SPSS on a specific PoliCy MEASUIE .......c.uvvieeiiiieecciee e 54
Table 13: Sustainability level of port based on sustainability measures chosen...........ccccoccvveeecvnennnn. 55
Table 14: Current PPP scoring of measure “Heightening quays” ........cccceecvieieecciee e 55
Table 15: Application of SPSS in the already existing measure of POFSG.........ccccceveeciieeeciciieee e, 56
Table 16: Final scores for the performance of sustainability measures on PPP (carbon emission
(=T 0ot oY oW 4 T=T 1 UL =) RSP SPR 68
Table 17: Final scores for the performance of sustainability measures on PPP (climate change
AAAPTATION MEASUIES) ... eeiiei ettt eete e et e e e e et e e e et e e e e s eabaeeeerabeeeeseabeaaeesnbasesenntaeaeennsaneeennrenns 74
Table 18: Port Key Performance Indicators literature list ..........ccceeeeciieeeeciiee e 90
Table 19: Summary of major climate variability and change impacts on ports (Source: UNCTAD 2017a)
.............................................................................................................................................................. 98
Table 20: Sources that produce emissions to the air medium .......cccccvvieiiiiei i, 118
Table 21: Flows of fuel that enter the Container Terminal domain .........ccccceevviiiriiinniiiniiecirieeneenn 119
Table 22: Sources that produce flows that cause stresses in the soil and the sediment................... 120
Table 23: Polycyclic aromatic hydrocarbons (PAH) ........cccueeiiii it 122
Table 24: Sources that produce flows to the water medium .........cccoccvviiiiien i, 122
Table 25: Water supply that is required in the Container Terminal domain..........ccceccvvveeiciveeennneen. 124
Table 26: Sources that produce noise that cause stresses in the acoustic environment................... 125
Table 27: Flows of electrical energy that enter the Container Terminal domain........cccccceeevveeennenn. 126
Table 28: Activities that create employment opportunities in the Container Terminal .................... 128
Table 29: Effects of a Container Terminal to the recreational activities and aesthetics.................... 130
Table 30: Effects of Container Terminal activities to traffic congestion outside the port.................. 131
Table 31: Alternative management in the port basin operations ..........cccoccveeeeeciieeccciiee e, 137
Table 32: Evolution of average annual concentration values of NO2 in measuring station of Piraeus
from 2005 — 2016 (Source: Greek Ministry of Environment and ENErgy) ......cccoceveeecieeeecivveeeeccnneennn. 147
Table 33: Averaging 24 hours and averaging 1-hour concentration values of SO2 for the measuring
station of Piraeus in the year 0f 2016.........ooouiiii ittt e et e e e et e e e e e raeeaeeaees 147
Table 34: Averaging 1-hour concentration values of NO2 for the measuring station of Piraeus in the
VLT Lo ] X 0 U RSO 147
Table 35: Averaging 8 hours of concentration values of CO for the measuring station of Piraeus in the
(VLT Lo ] X 1 PSR 147
Table 36: Fuel consumption of the Container Terminal Pier Il & lll (Source: PCT) .....cccceevvveeecreeennnenne 148
Table 37: Samples were taken in the area west from Pier Ill (Source: Electric Arc Furnace, 2015)...150
Table 38: Total coliforms MPN Coli/T00MI .....iiiiiurieiiiiiieeeeireeeeeertee e et eeesereeeessreeesssreeesssreeessssrees 152
Table39: EnteroccCi MPN ENTErO/LO0MI coovcuvvieiieieeeieeieeeeeeettee ettt e s et e e e eevteesssnateessssreeessssreeesssnraeas 152
Table 40: Heavy metals in Water COIUMN ........cooiiiii e erre e e rae e e 152

Table 41: Water consumption in TDT (SOUICe: TDT)....uuuiiieiiiiieeeiiiieeecteeeertee e esivee e e eivee e e e e e e saveeas 153



Table 42: Noise levels in Leq per Station .......eiicciieiiiiiieieeeee et e e s 154

Table 43: TEUs imported/ exported by train in TDT ......cccueiieeiieiieeceecee ettt ve b e s 162
Table 44: Container traffic port of Piraeus (Sources are indicated in the table).........ccccoecvvvecveeennenn. 162
Table 45: Container Traffic in the port of Livorno 2000 -2008 (Source: Port Authority of Livorno, 2008)
............................................................................................................................................................ 163
Table 46: Livorno Port volumes from 2008 — 2014 (Source: Livorno Port Authority / Ocean Shipping
(0001 1Y 1= 01 £ RPN 163
Table 47: Container traffic in the port of Livorno 2012-2016 (Source: Dichiarazine ambientale 2015-
2018(Sig Franco Fagioli 2015 and 2017) ...ccccuieieieiee e ecitee ettt e eette e e e etae e e e ete e e e e earae e s e bee e s eareeas 163
Table 48: Yearly throughput TDT during the period 2007 — 2017 (Source: TDT) ...ceeevevveeeecveeeeennen. 163
Table 49: Container ships calls/ year TDT for the period 2010-2017 (Source: TDT)..cccvveevveeecreeennnnn. 164
Table 50: Port of Livorno Regional Transshipment Market ( Source: A. Penfold, Ocean Shipping
ConsUltaNts, AN FCS 2015) ...uuuiiieiiiiiiieiieieiee ettt eeeerer e e e e e e eeeeaabaaeeeeeeesesssaesreeeeeesesssreeeeeeas 164
Table 51: Transhipment volumes TDT for the period 2007-2017 (Source: TDT) ..c..eeeeecvereeecvereeennen. 164
Table 52: vessel time spent in the Port (SOUICE: PCT) ...ueii e e ettt e e e e 165
Table 53: Annual productivity — TEUs per STS Gantry Cranes (A. Penfold, Ocean Shipping Consultants,
AN FCS 2005) ittt ettt ettt eeett e eeette e e e et e e e estbeeeeebaaeeeeebbaeeeetsaeeeeatseeeesatseseesasseeeesassaeeesses 165
Table 54: TEUs/hour/crane in TDT for period 2010-2017 ....ccoeooeeeiereeeeeeeeeee e eree e eeaveeeveeeeanee s 166
Table 55: Annual Productivity TEUs per Berth Length ( Source: A. Penfold, Ocean Shipping
(0o 1] =T £ o Yo I S O 0 1 1) P 166
Table 56: Container moves/ berth meter/year TDT for period 2010-2017 (Source: TDT) ....c.cccveeneee. 167
Table 57: Total number of STS Gantry Cranes (A. Penfold, Ocean Shipping Consultants, and FCS 2015)
............................................................................................................................................................ 169

Table 58: Port of Piraeus container terminal: compliance with the operational objectives - Planet.173
Table 59: Port of Piraeus container terminal: compliance with the operational objectives - People 173
Table 60: Port of Piraeus container terminal: compliance with the operational objectives - Profit..174
Table 61: Port of Livorno container terminals: compliance with the operational objectives - Planet

............................................................................................................................................................ 174
Table 62: Port of Livorno container terminals: compliance with the operational objectives - People
............................................................................................................................................................ 175
Table 63: Port of Livorno container terminals: compliance with the operational objectives - Profit 175
Table 64: Stakeholder CAtEEOIIES. ....ccccuiiieectiee ettt e e et e e et e e e et ee e e eabee e e enbeeeeeenrenas 176
Table B5: COUNTIIES/CONTINENTES .oveeeeeeeieeeeeeeeeeee et e e e e eeeeeeeeeeseeeeaeeteeeesssasasreseeeessssasssreseeesssssannnnes 177
Table 66: ANSWEIS Array (AL) ..eeccceeieeeciee e et e e et e e eete e e e etre e e e s areeeeeareeeseabeeeeenseeeeensseeeeenseneessnsenas 183
Table 67: NOrmalized array (A2) ..ottt e e e e et e e e et e e e e et e e e e enbeeeeentaeaeennrenas 183
Table 68: Resulting weight for @ach factor ... 183
Table 70: CONSISTENCY MEASUIE ......eeeiiuiieieeiiieeeeiiteeeeiireeeestaeeeesaeeeesareeeessbaeeessteeeessseeeessssesesssasenes 183

Table 70: Final step to calculate the consistency ratio........cccceeeeieeeecciiiiccee e, 184


file:///C:/Users/Laptop/Desktop/Report%20Master%20Thesis%20Sotiriadou%204626117.docx%23_Toc534216631

LIST OF FIGURES

Figure 1: Methodology followed in the present thesis project (Source: Author).......ccccceeeecvveeeecnneenn. 22
Figure 2: Thesis STrUCTUIE OULINE ...ccocuiiieeceie ettt e e e st e e e st e e e ssaareeeean 23
Figure 3: Example of flows of the CT @qQUIPMENT.....cccciiii i 26
Figure 4: Port Sustainability Assessment Framework (PSAF) (based on the Systematic Frame of
Reference, van Koningsveld 2003)........c.uiiiiieiiieeiieeciieecieesiee et e eteeesaeesteeessaeesseeessseessteessaeesaseennns 29
Figure 5: Extension of PSAF - sustainability [€Vel........c.eeviriiiiiiiiiiie e 36
Figure 6: Percentage of achievement of operational objectives in terminals of Piraeus and Livorno (all
oY oT=T =Y d oY a T | Io] o JT=Totd V7T SR 36
Figure 7: Percentage of achievement of operational objectives in terminals of Piraeus and Livorno
(only operational objectives for which there was info available)........c.ccceeeeeiieiicciiiic e, 37
Figure 8: PPP and NEP P SrOUP «.uiiiiiciiieieiiiieeeciiteeeesittee e sttt eessatteessstaeeessssaeesssnsseessssaeeesansseeessssenesns 42
Figure 9: NEP - Environmental priority. Observed data and linear regression........cccccccevevecvveeeeicineennn. 42
Figure 10: Normal distribution of Pg,,-Pecon and NEP (all questionnaires group) ......ccceceeeeeevvereennnenenn. 43
Figure 11: Pairwise relationship among NEP and the 3 PPP factors.......cccccccueeeeiiiieeeciieee e 44
Figure 12: Environmental themes' final weights per roup .......ccccceeecieeeeciee e 45
Figure 13: Societal themes' final Weights Per groUp.......ccccuviiieciiii e e 46
Figure 14: Economic themes' final Weights Per SroUp........ccueeeeciieiecciieeeccee e 47
Figure 15: Scoring % of the Part D qUESTIONS.......cccueieciiiiiiee it cee sttt esere e see e et eesreeesree e 48
Figure 16: NEP, port knowledge and other anSWers SCOMNG ......c.uvieviiiieeeiiiieee e 50
Figure 17: Extension of PSAF — INntervention proCeAUre..........ccocuieieeciieeeeciieeeccieee e et e eevre e e e snaeee e 57

Figure 18: Environmental performance of Grid-Powered Electric Transfer Crane (Obata et al. 2010)65
Figure 19: Overview of the sustainability performance of the proposed measures regarding the

reduction Of CarbON EMISSIONS. ......iiiiiiiie e e e ste e s bee e sabe e s teeesreeeebeeenns 67
Figure 20: Overview of the sustainability performance of the proposed measures regarding climate
(ol s Ta T LR To ET o 1 o 11 L Y2 PSPPSR 73
Figure 21: Modified measure cards for the POFSG.........cooociiiiiiiiiieiciee et savee e 78
Figure 22: A balance between the impact on and perception of stakeholders (Source: IAPH-PIANC
2007 )ttt sttt et h e e bt e s a e e bttt e bt e b e e nh e sheeeR e e et e e ke e eheesateeabeenbe e beenaeeaaeeenteenten 91
Figure 23: Stakeholders involved in corporate social responsibility initiatives (source: PORTOPIA,
P 1 TSR 91
Figure 24: The COREALIS palette of innovations for Port of the Future.........ccceccveeeviieeecccieeeciee, 93
Figure 25: Visualization of the game procedure Port of the future Serious Game (Source: Deltares
WEDISTER) . eetteee ettt ettt ettt ettt eete e e e et e e e e tb e e e eetbee e e e baaee e e baeeeeeta e e e e e bbb e eeeatbaeeeeatbaeeeeataaeeesarraeeenres 95
Figure 26: A frame of reference for policy development (source: van Koningsveld 2003)................... 95
Figure 27: The basic frame of reference as a tool for policy development and for communication
between science and coastal management (source: van Koningsveld 2004) ........ccccceeccveeeecvieeeennen. 96
Figure 28: Layout Of Pier I1and I .......eeii ettt ettt et e et e e e e e e e e eare e e e e eareeas 103
Figure 29: Evolution of Piraeus container terminals over the years (2002-2018)........c.cccccccvveeeennneen. 103
Figure 30: Evolution of Livorno container terminals over the years (2002-2018)......ccccccceeevereeennen. 105
Figure 31: Framework used to explore the potential stresses of container terminals ...................... 106
Figure 32: Example of the application of framework to explore the potential stresses of container
L0=1 1 011 o OO TSP PP PO OO PPPTUPPPPPUORE 107
Figure 33: Environmental performance of TDT in the period 2008-2015 (Source: TDT).......cccveeunien. 145
Figure 34: PM10 yearly concentrations range during 2010-2016 (source: Piraeus Port Authority S.A.
P ) ISP 146
Figure 35: Atmospheric pollution measuring stations in the Attica region operated by the
Atmospheric Quality Department (Source: Greek Ministry of Environment and Energy) ................. 146
Figure 36: Air quality station Li-LAPIRA (source: ARPAT Website) ........cccceeverreeiieeccircciee e 148
Figure 37: Trend of the operational diesel consumption of TDT/RDT/ALA (source: TDT) ....cccceveene.e. 149

Figure 38: CO2 eq calculated in TDT normalized by the units (Source: TDT) ...ccccveeevcieeeeecieee e, 150



Figure 39: Water sampling stations. Stations 27 and 39 were used before the pier expansions. Own

realization based on EIA Port of Piraeus, edition 3, March 2017, Chapter 8. .......ccccceeeeeeccvveeeeeeeeenn. 151
Figure 40: Noise monitoring stations near the container terminals. Own realization based on EIA Port
of Piraeus, edition 3, March 2017, Chapter 8. ........cuiiiiiiei ettt e e rrre e e e e e e anaraaee s 154
Figure 41: Lden map of the port Of LIVOINO ....ccoeiiiiiiiee ettt 155
Figure 42: Lnight map of the port of LIVOINO .........ueii it 155
Figure 43: Electricity consumption in the TDT and GIP (Source: TDT).....cceevveeeeeiieeeeeiieee e e 156
Figure 44: Scoring % of the Part D qUESLIONS......c.uuiiiiiiieeeeciee ettt e bre e e e e e 158
Figure 45: Typical traffic Piraeus Container terminals (Source: Google maps) .......ccceecvveeeecveeeeennenn. 159
Figure 46: Typical traffic Livorno Container terminals (Source: Google maps) .....ccccceevveeeecveeeeennen. 160
Figure 47: Piraeus container terminal intermodality (own realization) .........ccccoevveeiiiieeccciee e, 160
Figure 48: Port of Livorno intermodality. Source: Trail Liguria........cccecoveeeeiiiieecciee e, 161
Figure 49 Plan of the final phase of Pier Il and Pier Il (source: L.4315/2014-GG269A/2014)........... 170
Figure 50: First phase plans of the planned port expansion from the New Master Plan of the Port of
Y] o o Lo TP PP PPPPTOUPTTPRPORE 171
Figure 51: Second phase plans of the planned port expansion from the New Master Plan of the Port
o S AV o Yoo Vo TP PPPPRRN 171
Figure 52: Third phase plans of the planned port expansion from the New Master Plan of the Port of
Y] o o o TP PP PP UPTPRRPOR 172
Figure 53: Part A of the QUESTIONNAITE......ccc.uiiiice e e e e 176
Figure 54: Part B of the qUESTIONNAIre.....ccccuiiiii e e 177
Figure 55: Part C - first matrix of the questionNNAIre .......cccoccvvevieiiiiic e 178
Figure 56: Part C - Second matrix of qUESTIONNAINE ......uveiiiiiiieice e 179
Figure 57: Part C - Third matrix of the questionNaire .....cccoccvevieeiiii e, 180
Figure 58: Part D questionnaire- Questions from 1 - 15......cccviiiiiiiiiiiiieccee e 181
Figure 59: Part D questionnaire - QUestions from 16 - 29 .........cccciieieiiiieeeiiiee e e e 182
Figure 60: Excel file With results (ShEETL).......ooo i e e 187
Figure 61: Excel file With results (SNEEL 2) ......ooo i e e 188

Figure 62: Python scripts fIOWCHArt .........oooiiiieee e et 189



GLOSSARY OF TERMINOLOGY

In this sub-section, definitions on the key concepts in the manner in which they are used in this
research are presented below:

Analytical catalogue: An extensive and descriptive list of the mainflows of substances, energies,
materials and other resources that enter or exit the container terminal (CT) domain and the stresses
they create (excel format and graphical cause-effect presentation)

Flow: The schematic representation of the course of a pollutant from source to destination medium
or receiver

Impact: Direct and indirect effect on a certain element/factor like soil, water, fauna, flora etc.

Measures: Specific sustainable policies that can be implemented to improve their sustainable
performance (since those measures have an effect on the three pillars of sustainability, People,
Planet and Profit).

Measures in the PoFSG: Policies for port sustainable development divided into several different
categories and have a determined effect on the three pillars of sustainability (People, Planet and
Profit)

People, Planet, Profit: They describe the triple bottom line and the goals of sustainability.
PSAF: Port Sustainability Assessment Framework

Stresses: Modification of the normal state of a factor due to a natural and/or anthropogenic cause(s).
Example of an anthropogenic cause is the pollution generation. Example of a natural cause is the
pollution that a volcano eruption can cause. They can result in impacts in PPP.

Sustainability level: Extent to which the port is sustainable according to pre-defined criteria and
levels

Sustainability themes: Factors related to the port activity which are considered to affect significantly
People, Planet and Profit (in the context of a container terminal).

Triple bottom line: The triple bottom line (known also as TBL or 3BL) is a three-part framework:
social, environmental (or ecological) and financial.
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Cfu Colony-forming unit
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PPA Piraeus Port Authority

PPP People, Planet, Profit

PSAF Port Sustainability Assessment Framework
S02 Sulfur dioxide

SPSS Sustainable Performance Scoring System
TDT Terminal Darsena Toscana

TEUs Twenty-foot equivalent unit

Zn Zinc



INTRODUCTION

1 INTRODUCTION
1.1 Background

1.1.1 Sustainable ports

In recent years, where the world is challenged to deal with countless threats and challenges, the
notion of sustainability has been placed under the spotlight, strengthening its link with development.
Sustainable is the development that satisfies both our present needs and what we now assume to be
the needs of the future generations (WCED, 1987). Today is generally accepted that the
sustainability concept encompasses all the multilevel processes, procedures and actions that could
lead to the betterment of the conditions of present and future life on Earth (Poonam Taneja,
Vellinga, and Ros 2014).

Nowadays, ports are among the most important nodal points of the world supply chain and as such,
they have a central role to the efforts of improving the sustainable performance of the supply chain
at a local or global scale (United Nations, 2018). Sustainable ports follow a new growth concept that
encompasses sustainability, using "green" growth as an economic driver. The "green" port strategy is
a strategy to maintain the future development of the port in harmony with the surrounding natural
and anthropogenic systems (PIANC 2014a). Therefore, port master planning should be part of the
wider concept of integrated area planning that would and take also into account connectivity,
liveability and the biodiversity of the comprise surrounding area (PIANC 2014a). Nowadays, the
largest part of the European ports and harbours are engaged into addressing proactively
environmental issues in order to obtain an always more sustainable development (ECOPORTS 2017).

Since the beginnings of containerization in the early '60, the container terminals have progressively
been developed according to the needs of the global container market, the evolution of the
container ships and the modern approach of the "seaport" concept. This last one has been shaped
under the weight of the fact that more than 80% by weight and more than 70% by value of the
global trade is today handled by seaports (UNCTAD 2016). Nowadays, a container terminal has
become a specialized, distinct and important part of the modern port and as such, it can and must
be studied, in terms of sustainability, as an independent physical and functional domain.

1.1.2 Corealis and Port of the Future Serious Game

The H2020 - Port of the Future project ‘COREALIS’, is a project that "aims to develop a strategic,
innovative framework for cargo ports to handle upcoming and future capacity, traffic, efficiency and
environmental challenges". COREALIS consists of 9 Working Packages (WPs) and Deltares is leading
on WP4 objective. The objective is governance and decision making in the Port of the Future project.

COREALIS is composed of four high-level objectives. The relevant objective and the motivation for
this thesis study would be the Objective O4: "Enable the port to take informed medium-term and
long-term strategic decisions and become an innovation hub of the local urban space". There are
several means in which this objective could be achieved, however, focus is given to the extension of
the Port of the Future Serious Game (PoFSG) to facilitate stakeholder engagement.

As explained in the Manual of the Port of the Future Serious Game (Liagkouras et al. 2015):

"the game aims at raising awareness for the current policy-making challenges of ports,
50 as to support the port stakeholders in achieving sustainable development. The game
applies a fictional but realistic environment, autonomous scenarios, a set of
sustainability policy measures and a qualitative set of indicators that provide
information on the effects of society, natural environment and economy. The Port of the
Future Serious Game can also facilitate policy-making in ports with respect to socio-
economic development, taking into account the impact of sustainable design on
balanced growth".
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1.2 Problem statement
The problem that is addressed in this thesis project is two-fold, however, the two aspects are closely
related to each other:

The first aspect refers to the problematic of sustainability that is not yet well-thought-out or fully
integrated in the decision-making process in the ports of the Mediterranean. Gaps and barriers exist
that impede the Mediterranean container ports’ sustainable development (personal
communications with various local port stakeholders). Among others, there is a poor adoption of
standards, inadequate advancement of the necessary technology, and serious lacks in the waste and
air emission management (Buiza et al. 2015).

For example, based on the statement in the Corealis project, the Piraeus Container Terminal (PCT)
has several problems/weaknesses mainly regarding the operational activities, the energy
consumption levels, the air pollution, the traffic congestion (Horizon 2020: COREALIS, 2017). The
container terminal of Livorno, since its boundary is adjacent to the city needs to improve on
efficiency in a sustainable way without the need of upgrading the existing physical infrastructure
(Horizon 2020: COREALIS, 2017).

The sustainability assessment is performed for container terminals for several reasons. Initially,
since the COREALIS project aims to extend the Port of the Future Serious Game (PoFSG) through
Living labs in the Piraeus Container terminal and the in the Livorno container terminal (and partly
general cargo terminal), it seems logical to consider those specific container terminal case studies.
Additionally, even if there are many papers concerning container terminals in general, there are only
a few studies that deal with green and/or sustainable container terminals. Furthermore, specialized
container terminals in modern ports have all the characteristics to be considered independent units
of the port (distinct operations, functions, superstructure and infrastructure) and as such a separate
approach of their impacts and sustainability is appropriate in order to assess with objectivity their
impacts.

The second aspect regards the need for the extension of the Port of the Future Serious Game
(PoFSG) to make it more dedicated and realistic and consequently facilitate stakeholder engagement.
The game needs to become more realistic and plausible/acceptable to different stakeholders
(Horizon 2020: COREALIS, 2017). The modified and improved PoFSG will incorporate sustainable
aspects for several scenarios of logistics, port design and climate adaptation. (Horizon 2020:
COREALIS, 2017). Within the COREALIS project, the functionalities of the game are aim to be
extended and implemented it in the Piraeus and Livorno Living Labs (LLs).

1.3 Objectives of Research

In order to solve the problems that are identified in the ports, which are closely related to their
sustainable performance, it is necessary to develop a method to objectively assess the ports’
sustainability. In that manner, a clear image of the performance of the ports will be gained and it
will be easier to identify the gaps that exist in the policies and management strategies used as far as
sustainability is concerned.

The need for the extension of the PoFSG has to be approached by identifying the weaknesses that
currently exist in the game and proposing concrete solutions to the most crucial ones. Hence, this
subject is approached mainly by the introduction of realistic measures aiming at a sustainable port
development, suitable to the container terminals of Piraeus and Livorno. Additionally, a system is
also necessary to score the sustainability measure’s performance on People, Planet and Profit.

Therefore, the two main Objectives of this thesis project are presented below.

» Assess objectively the sustainability performance of Mediterranean container terminals
> Elaborate proposals and recommendations that could be used to make the PoFSG more
suitable for the Mediterranean ports.
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It has to be noted that the output of the first objective is expected to be used as an input for the
extension of the PoFSG (second objective), though the introduction of relevant and important
measures, based on the main sustainability concerns and the identified needs of the container
terminals.

1.4 Research Questions
The Objectives presented in the previous sub-chapters can be translated into more detailed
Research Questions.

The two Main Research Questions are presented below:

-1- How can the sustainable performance of container terminals’ be objectively assessed?

-2- How can the PoFSG become more dedicated and realistic?

To obtain an answer, there are several Research sub-Questions that should be answered:

#1 What research method can be followed to systematically and objectively assess
the sustainability of a container terminal?

#2 What is the sustainability level achieved by the container terminals
of Piraeus and Livorno?

#3 How can the perceptions of stakeholders be included in the sustainable development
of a container terminal?

#4 What method could be used to determine weight factors
for the purpose of ranking the sustainability themes?

#5 What aspects of the PoFSG need to be improved and in what way?

#6 What method could be used to score the performance
of sustainable measures to People, Planet and Profit?

#7 Which measures could be proposed to contribute to the improvement
of the terminals' performance on the two most important themes?

1.5 Steps to answer the Research sub-Questions
In order to answer all the above Research Questions, several steps need to be implemented.

In order to answer the #1 Research sub-Question it is necessary to perform the following steps:

Create a Port Sustainability Assessment Framework (PSAF) (based on the Systematic Frame
of Reference, van Koningsveld 2003)

Define the strategic objectives of the PSAF

Develop a method to study the terminal processes in order to identify the potential stresses
Define the main sustainability themes based on the identified potential stresses

Define the contents of the elements of the PSAF (preliminary operational objectives,
indicators, quantitative state concept, thresholds/target values and final operational
objectives) for port sustainability

Test the success of applicability of the PSAF in the two port case studies

In order to answer the #2 Research Sub-Question it is necessary to perform the following steps:

Apply the PSAF to the two container terminal’s case studies
Test the level of achievement of the operational objectives defined in the two port case
studies
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In order to answer the #3 Research sub-Question it is necessary to perform the following steps:

Chose the suitable method to elicit people’s perceptions.

Create of a Questionnaire to perform stakeholder perception analysis

Test the effectiveness of the questionnaires through the identification of its strong and weak
points

Conclude which are the most important sustainability themes based on stakeholder's
perceptions

Conclude on what are the views of the average interviewee

In order to answer the #4 Research sub-Question it is necessary to perform the following steps:

Apply and partially modify the Analytical Hierarchy Process (AHP) for the creation of
importance weight factors for each sustainable theme

Use Python scripts to automatically process the data of each questionnaire and derive the
results

Calculate (using the AHP method) the weight factors for each sustainability theme

In order to answer the #5 Research sub-Question it is necessary to perform the following steps:

Explore the weaknesses of the PoFSG
Develop techniques to improve the disadvantages or the gaps that exist in the PoFSG:
o Develop a system to assign PPP scores in the measures of the PoFSG
o Propose measures to make the game more dedicated and relevant to the most
crucial sustainability themes
o Suggest additional modifications

In order to answer the #6 Research sub-Question it is necessary to perform the following steps:

Create an initial scoring system to evaluate the performance of port sustainability measures
based on their effects on People, Planet and Profit

Incorporate into the system the weight factors for each sustainability theme

Test the applicability of the scoring system on the already existing measures of the PoFSG
Create a method to quantify the port sustainable development based on a set of selected
sustainability measures

In order to answer the #7 Research sub-Question it is necessary to perform the following steps:

Redefine the operational objectives for the two most important themes

Propose measures that would aim at effecting positively the two most important themes
Test the applicability of the proposed sustainability measures in the two ports case studies
Test the applicability of the proposed sustainability measures in the PoFSG

Score the measures based on the scoring system that was created (SPSS)
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1.6 Research methodol

ogy

The methodology that was followed in this thesis project, along with the Research sub-questions

that are related to each part, is i

ndicated in Figure 1.

In green are indicated the research steps and in blue the actions taken to achieve each research
step. The yellow shapes indicate which Research sub-Questions are answered in each part of the

thesis.
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Figure 1: Methodology followed in the present thesis project (Source: Author)
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1.7 Report outline and reader’s guide

The thesis outline and development is presented in Figure 2 in order to explain the structure of the
report and clarify relations between the outcomes of each chapter. Consequently the contents of

the Chapters 2-5 are briefly discussed.
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Chapter 2

The container terminal processes are studied in order to identify the potential stresses that they
may be causing. In that way, the sustainability themes can be defined, which constitute factors
related to the container terminal’s activity and are considered to affect significantly People, Planet
and Profit. A framework is then developed for the systematic approach of the sustainability of
container terminals, the Port Sustainability Assessment Framework (PSAF), which aims to define
the current condition of a terminal and compare it with the desired state. For each sustainability
theme, the contents of the elements of the PSAF are defined (preliminary operational objectives,
indicators, quantitative state concept, thresholds/target values and final operational objectives).
The PSAF is applied in the container terminal case studies of Piraeus and Livorno to define the
current and historical condition of the ports and compare them with the operational objectives
(desired state). The results of the comparison are expressed as a percentage of achievement for
each terminal of the operational objectives that are set.

Chapter 3

In this chapter, a questionnaire is developed aiming to elicit stakeholder’s perceptions on port
sustainability. More specifically, the exploration of the opinions of the stakeholders on the
comparative importance of the sustainability themes is carried out through questionnaires.
Additionally, the perceptions regarding ecocentricity and anthropocentrism are accessed, their
knowledge of port sustainable development, their perception on ports and container terminals
and their perception on their involvement in the decision making. The outcomes of the
guestionnaire result to a stakeholder perception analysis and to the production of importance
weight factors for each sustainable theme, using the Analytical Hierarchy Process (AHP).

Chapter 4

In this chapter, the main weaknesses of the current version of the PoFSG are explored and
modifications are recommended either in terms of concrete proposals either in the form of more
general recommendations. A new sustainable performance scoring system (SPSS) is developed to
evaluate the performance of port-related strategic and policy measures on People, Planet and Profit
(proposed to substitute the current scoring system in the PoFSG). The weight factors for each
sustainability theme, derived from Chapter 3, are used to calculate the final score of each measure
so that sustainability could be objectively assessed. Considering the two sustainability themes which
are given the largest priority by stakeholders (Air quality/carbon emissions and Safety levels/ climate
change effects) and based on the gaps that exist in the PoFSG and also the weak points identified in
the terminal case studies, the PSAF and specifically the “Intervention” procedure is further
extended. In that manner, measures are included that aim to enhance the sustainable performance
of the ports and at the same time serve as invaluable inputs to the PoFSG. The sustainable
performance (effect on People, Planet and Profit) of the proposed measures derives from the
application of the SPSS.

Chapter 5

In this Chapter, the answers given to the Research Questions and Research sub Questions are
exposed and consequently the main conclusions of this thesis study are discussed. Furthermore,
based on a reflection on the processes, methods used and outcomes, recommendations for future
research are proposed.
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2 ASSESSMENT OF CONTAINER TERMINALS’ SUSTAINABILITY

The terminal processes are studied in order to identify the potential stresses that the terminals may
be causing. In that way, the sustainability themes (factors related to the container terminal’s activity
and are considered to affect significantly People, Planet and Profit) are defined.. A framework is
then developed for the systematic approach of the sustainability of container terminals, the Port
Sustainability Assessment Framework (PSAF), which aims to define the current condition of a port
and compare it with a desired state. For each sustainability theme, the contents of the elements of
the PSAF are defined (preliminary operational objectives, indicators, quantitative state concept,
thresholds/target values andfinal operational objectives). The PSAF is applied in the container
terminal case studies of Piraeus and Livorno to define the current and historical condition of the
ports and compare them with the operational objectives (desired state). The results of the
comparison are expressed as a percentage of achievement for each terminal of the operational
objectives that are set.

The research Questions and consequently the Research sub Questions that are answered in the
context of this Chapter are presented in the following flowchart.

1st Main Research Question

How can the sustainable performance of container terminals’ be objectively assessed?

Research sub Question #1

&

y

#1 What research method can be followed to systematically and objectively assess the sustainability of a container terminal?

v

Answered by:

Identifying the main sustainability themes through studying the container terminal stresses
Constructing a framework for the systematic assessment of the container terminals' sustainability (PSAF)
Defining all the elements that comprise the PSAF and formulating recommendations (targets) to the ports (through the operational objectives)
Testing the applicability of PSAF in the container terminal case studies of Piraeus and Livorno

Research sub Question #2

#1 What sustainability level is achieved by the container terminals of Piraeus and Livorno?

v

Answered by:

Testing the compliance of the container terminals to the operational objectives determined from the PSAF

2.1 Studying terminal processes to identify potential stresses

In this section, the container terminal processes are studied in order to identify the potential
stresses that the terminals may be causing. This section serves for the definition of the sustainability
themes. A catalogue of the stresses is created for separate terminal domains (physical or logical),
divided based on the activities of the terminal. The method followed for the creation of the
catalogue is described in detail.

Performed Research Steps to answer
Research sub Question #1 :

» Develop a method to study the terminal processes in order to identify the potential stresses

Since the beginnings of containerization in the early '60, the container terminals have progressively
been developed according to the needs of the global container market, the evolution of the
container ships and the modern approach of the "seaport" concept. This last one has been shaped
by the fact that more than 80% by weight and more than 70% by value of the global traded is today
handled by seaports (UNCTAD 2016). Nowadays, a container terminal has become a specialized,
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distinct and important part of the modern port and as such, it can be studied, in terms of
sustainability, as an independent physical and functional domain (system) with defined physical and
operational boundaries that exists and functions inside the port.

In order to approach the container terminal's sustainability concept, it is necessary to determine the
terminal's stresses. In that way, the sustainability themes can be defined, which constitute the port-
related factors that are considered significant for People, Planet, Profit.

It was decided to approach the subject by means, when possible, of direct, homogeneous, physical
and quantifiable flows of substances, energies, materials and other resources that enter or exit the
container terminal (CT) domain and create an analytical catalogue of all the above flows, specifying,
among other, the start and end point of the flow, the flow characteristics, the receiving
medium/external system or the entering resource and the direction of the flow. Once the catalogue
(an excel table) completed, it would be possible to cross-reference, in multiple ways, producers and
receivers of the flows.

In the case of outgoing flows, the producers of the flows were grouped by functional/operational
similarity and the flows were repeated for each destination medium (air, water, soil, etc.) or outside
domain® (system) that received them (ecosystems, social, economic, etc.) For example, all terminal's
equipment produce various outgoing flows: a flow of combustion gasses to the atmosphere
(mediums= air, producer=the part of the CT equipment that use internal combustion engines), a flow
of noise (system=acoustic environment, producer= engines, movements, beepers, actuators, etc., of
all CT equipment), a flow of oily and other waste (system=port reception facilities, producer=all CT
equipment) and a flow of garbage®(system=port reception facilities, producer=all CT equipment).

The flows that enter the CT domain were similarly described, separating the flows of the external
resources provided for each group of internal consumers. Using the aforementioned example, the
incoming flows for the CT equipment are: a flow of electrical energy (resource= power supply,
consumer=all electric CT equipment), a flow of fuel (resource= various fuel types, consumer= all
internal combustion CT equipment) and a flow of various materials needed for maintenance
(resource= various materials, consumer= all CT equipment).

The above example is schematized in the figure that follows.

Spare
parts

A Acoustic []

xry

Yard
equipment

Port
reception
facilities

Garbage
all
Combustion
gasses

Figure 3: Example of flows of the CT equipment

!t was decided to use the concept "domain" and "sub-domain" instead of "system" and "subsystem" in order
to avoid the systems theory implications of the emergent properties, properties that are characteristic of the
system as a whole and not its component parts or subsystems (Johnson 2006).

’The distinction of oily waste, waste and garbage are following the MARPOL 73/78 - Directive 2000/59/EC
Annexes
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There are other, concrete but less easily quantifiable, flows of the CT equipment of the above
example that have been taken into account inside more general categories of producers, for
instance, the particulate matter (PM) produced in the CT yard by various movements, normal wear,
etc. that ends in the atmosphere (and through the CT yard's runoff in water and soil) was
summarized in a flow from a generic category defined as "All moves and wear in the CT yard" to the
air medium, and two different flows from the generic category "Yard's runoff", one to the water
medium and the other to the soil/sediment medium. Other concrete, but only potential, flows like
leaks, spills, gas/fume/vapour escapes, accidents, etc., have been examined separately.

Other systems, that depend on the composition of the mediums or systems directly receiving the
port's physical flows, are not taken into account. For example, the emissions of NO, in the
atmosphere have obvious effects on human health, fauna and flora and generally to biodiversity,
ecosystems and social/economic systems. Therefore, they are not taken into account because they
are indirect. On the contrary, the "emission" of invasive species that can occur during untreated
ballast water exchange or the sea reclamation during port expansion or construction have direct
effects on the marine ecosystem and they are taken into account.

In the cases where a relation between the CT domain and the outside world do not involve a
physical flow, the cause-effect relation was equated to a logical flow, in order to be, in some way,
"interfaceable" and compatible to the catalogue of physical flows as was described above. For
example, the mere existence of the container terminal and its operations/functions create various
logical flows: the flow "influence" that causes attraction of related/complementary/similar activities
to the outside (producer=all CT activities, receiving system= socio/economic), the flow
"employment", the flow "pressure" that causes deterioration of the surrounding residential
environment and progressive change of the land use from residential to commercial/industrial. It is
clearly not always possible to express in mathematical terms connections between direct causes and
effects when abstract concepts are involved, however, in the present context where the importance
lays primarily in cataloguing the main direct effects of the CT on other external systems, the
semantics of the cause-effect phraseology is not important at all.

To facilitate this cataloguing task it was decided to separate the terminal domain in various physical
or logical sub-domains and catalogue their stresses separately. The sub-domains used were:

A. Container ships and feeders;

B. Port vessels;

C. All terminal activities (yard activities included), equipment and buildings of the container
terminal;

D. The physical presence of the CT land infrastructures, the marine infrastructures of the port,
the construction phase of all infrastructures and eventual channels, their maintenance and
their eventual expansion;

E. The potential risk of leaks, spills, gas escapes and accidents of all the above units.

The main concept discussed is applied throughout a structured framework. In that way, the direct
stresses a container terminal is creating can be systematically tracked. The method is presented in
Appendix C where which all the steps of the logical procedure followed are displayed. An example
of the flowchart used is presented as well in the same Appendix in order to illustrate the procedure.

Based on the literature presented in Appendix C , each reported impact has been "translated" in a
flow (or more flows) and then each flow was inserted in the catalogue of the sub-domain(s) it was
related to. In the same Appendix, the resulting stresses for each terminal’s sub-domain are
presented in the form of a table along with a detailed graphic representation of the above.

Using the tables for each receiving/modified medium or system it becomes possible to define the
main sustainability themes that , but also the possible indicators that can be used for each theme.
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2.2 Port Sustainability Assessment Framework (PSAF)

In this section, a framework is developed for the systematic approach of the sustainability of ports,
the Port Sustainability Assessment Framework (PSAF). By the identification of the strategical
objectives, the sustainability themes and consequently, the operational objectives along with
indicators related to port sustainable development, the PSAF aims to define the current and desired
state (defined by the operational objectives) of a terminal and compare them. The choice of the
sustainability themes for the assessment of the port sustainability performance is directly linked to
the outcomes of the previous Section. For each sustainability theme, the contents of the rest of the
elements of the PSAF are defined. Additionally, the previously defined operational objectives are
used as recommendations (targets) for the ports.

Performed Research Steps to answer
Research sub Question #1 :

» Create a Port Sustainability Assessment Framework (PSAF) (based on the Systematic Frame of Reference, van Koningsveld 2003)
» Define the strategic objectives of the PSAF
» Define the main sustainability themes based on the identified potential stresses
« Define the contents of the elements of the PSAF for port sustainability
(preliminary operational objectives, indicators, quantitative state concept, thresholds/target values and final operational objectives)

2.2.1 Description of PSAF

A framework is developed for the systematic approach of the sustainability of ports. The Port
Sustainability Assessment Framework (PSAF) is a modification of the basic frame of reference for
policy development developed by van Koningsveld (van Koningsveld and Mulder 2004). More
information regarding the framework developed by van Koningsveld and its main components can
be found in Appendix A in the Sub-chapter “Frame of reference for policy development”.

The PSAF, by the identification of the strategic and operational objectives related to port sustainable
development, aims to define the current condition of a port and compare it with the desired state
that is also defined through this framework.

The PSAF is presented in Figure 4.
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Strategic objective:
Enhanding sustainability levels in container terminals
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* The intervention procedure will be further extended in a separate framework presented in the following dhapters

** Due to lack of available data, the thresholds/ tanget values are based on what the author considers an adequate threshold based on the target values that are used by ports
that present a high sustainable performance and papers related to port sustainabillity.

Figure 4: Port Sustainability Assessment Framework (PSAF) (based on the Systematic Frame of Reference, van
Koningsveld 2003)
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The strategic objective is defined as ‘Enhancing sustainability levels in ports'. From this rather
general objective more specific sub-objectives that divide the higher goal into three dimensions
follow, and are related to:

e Reduction of ports’ environmental footprint (Make the port greener)
e Reduction of ports’ societal footprint (Make the port happier)
e Enhancing ports’ productivity/economic growth (Make the port richer)

Initially, each sub-strategical objective category (Planet, People and Profit) is described by several
sustainability themes which derived from the analysis performed in Section 2.1, regarding the
cataloguing of the container terminal's direct impacts. The choice rests on the frequency of
occurrence of a specific theme in the list that is created, in the severity of the stress and last but not
least the authors’ personal opinion of what is considered important crosschecking with various
literature sources. The sustainability themes serve as a keystone for the preliminary definition of the
operational objectives so that the sub-strategic objective can transform into more specific targets.

As it can be observed in Figure 4 the initial operational objectives are formulated once the
sustainability themes are defined and are expected to reflect on more general targets (since the
actual desired state and the thresholds have not been analyzed yet). They outline the direction, in a
way that the quantitative concept can be defined.

Through the quantitative state concept that accompanies each theme, indicators are defined which
serve as a tool for evaluating the achievement of the operational objectives and subsequently, the
evaluation of the ports’ sustainability performance. In the (Preliminary) Sustainability reporting for
ports (IAPH-PIANC 2017) the importance of the use of port sustainability indicators is pinpointed. It
states that the monitoring of the sustainability indicators must be carried out with appropriate
frequency to allow for decision-making and not exclusively for the purpose of creating a
Sustainability Report.

For each indicator, thresholds/target values are introduced. These thresholds determine the desired
(reference) state of each theme. They serve the purpose of making the operational objectives more
concrete and relate them to achievable targets. In many cases, a threshold cannot be defined since
there is no predefined level of acceptance. For example, the productivity levels cannot be compared
with a threshold since there are such significant differences between terminals that are related to
their size, operational depth etc. that cannot be directly compared to one single value. Using these
thresholds or a more general concept in the case that a threshold does not exist, the desired state
can be defined.

It should be emphasized, that the target values defined do not reflect on the thresholds that each
port is setting separately, but to what the author considers an adequate threshold based on the
target values that are indicated by ports that present a high sustainable performance (for instance
Port of Rotterdam, Port of Antwerp, Port of Los Angeles etc.) and papers related to port
sustainability. The reason for this modification of the framework is the lack of available data
regarding the targets for future development that the two port case studies are setting.

When all the steps of the main body of the framework are realized (definition of quantitative state
concept and desired state) for each theme category, the operational objectives can be translated
into more concrete targets, the final operational objectives, which can be used to evaluate the
sustainable development of container terminals more straightforwardly and contribute to the
achievement of the strategical objectives.

For example, one theme that belongs to the Reduction of the Environmental Footprint is Air Quality.
The operational objective that is initially outlined is: "The air quality should not exceed levels that
can harm the environment or the living conditions". Later, when all the internal steps of the
framework were realized, and based on the indicators and thresholds that were defined, the
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updated operational objective is: "The Air quality and more specifically, the concentrations of SO2,
NO2, CO and PM10 must comply with the standard set by the European Commission”.

In the final stage, the sustainability performance of the ports is presented through the comparison of
the current state with the desired state. In the case that the desired state is deviating from the
actual state then an intervention should be proposed.

2.2.2 Resulting elements of PSAF
Following the procedure that the PSAF outlines, described in the previous section, its elements are
determined.

Detailed information on the selection of the elements comprising PSAF is presented in Appendix D .
In this Appendix the following method is followed:

e Link of the stresses of the container terminal to the sustainability themes resulting from
Section 2.1 and Appendix C, with argumentation as to their selection

e Definition of preliminary operational objectives for each theme

e Definition of the indicators describing the preliminary operational objective

e Determination of the thresholds for each indicator, through literature search (in the case
that indicators are quantifiable and thresholds exist)

e Based on the preliminary operational objectives and the thresholds/target values identified,
determination of the final operational objectives for each theme

The final operational objectives can serve as guidelines/recommendations for container terminal’s
sustainable development. It has to be noted that the operational objectives are more dedicated to
container terminals; however, they also include more general aspects that reflect upon the
sustainable development of the wider port. Thus, in that sense, the PSAF can be used also for
different port terminals.

The concluding sustainability theme for each PPP category is presented below.

The Planet (environmental) themes chosen are:
e Air quality
e Water consumption
e Water column quality
e Sediment quality
e Noise
e Energy consumption

The People (socio-economic) themes are:
e Employment opportunities
e Safety levels
e land use charges
e Recreation and aesthetics
e Stakeholders involvement
e Traffic congestion

The above-mentioned sustainability themes reflect upon socio-economic matters, rather than purely
social aspects. It is clear, that the interconnection between society and economy is strong. For
instance, the sustainability theme “recreation and aesthetics” is related to the satisfaction and well-
being of the society but also affects the economy by means of tourism and not only. More details
will be found in the following relevant subsection.
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The port Profit (productivity/economic) themes are:
e Intermodality
e  Productivity
e Personnel training
e Terminal potential
e Expandability
e Circular economy

The above-mentioned sustainability themes are reflecting mainly upon the internal profit of the
port.

In Appendix E lays a table presenting the set of themes — indicators —operational objectives for each
strategic sub-objective.

The concluding operational objectives for each sustainability theme are presented below.

Regarding air quality:
e The concentration of air pollutants should be lower than the standards defined by the
European Commission.
e Qver a period of five years, CO2 emissions must fall by 10%.
e The fuel consumption should be reduced by more than 20% in the next 5 years

Regarding sediment quality:
e The heavy metals concentration in the sediment of the port basin should be less than the
values that are defined in Annex Il to Directive 1999/31/EC.
e The oil concentration in the soil should be less than 40 mg/kg dry

Regarding water quality:
e The concentration of Intestinal Enterococci and E.coli should be below the levels indicated
by each country's Directive.
e The heavy metals should be lower than what is defined by the European Commission
e The oil concentration should be less than 200 pg/L.
e The water transparency should be good, indicated with 8m of Secchi disk depth.

Regarding water consumption:
e The water consumption should be optimized according to the traffic of the container
terminal, using the treated grey waters where applicable.

Regarding noise:
e The noise levels in the ports should not exceed the limits in areas that are mainly industrial,
defined by each country's Decree.

Regarding energy consumption:
e The ratio of electricity consumption to TEUs traffic should be optimized.
e The ratio of electricity consumption to fuel consumption should be increasing.
e The ratio of energy from renewable sources to the total energy consumption should be
increasing.
e “Optimize pollution reduction while maintaining a commercially-viable operation that does
not significantly increase costs and waiting times for their customers”.

Regarding employment opportunities:
e Value-added services should be introduced both for the terminal's economic benefit and for
the introduction of new job positions.
e The expansion of the port should come along with job opportunities in other sectors.
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e The working conditions (salaries, holiday leave, allowances etc. should be satisfactory
relatively to each countries’ local economy.

Regarding safety levels:
e The terminal should comply with all the regulations that are put into force regarding the
preventions of accidents.
e The personnel of the container terminal should receive regular training regarding the
everyday operations of the yard equipment, as well as handling of hazardous cargo.
e Climate change adaptation should play an inseparable role in the development strategies

Regarding land use changes:
e A buffer zone should exist in the port-city interface (Noise barriers- vegetation —logistics
buildings and include some non-exclusively port-related activities of low intensity)
e The ratio (Residential + commercial uses)/industrial uses should be the maximum possible.

Regarding recreation and aesthetics:
e The existence of marine infrastructures damaging the aesthetics: yes/no.
e The ratio of cash flow from recreational activities after and before the construction of the
marine infrastructures should not lower than 1.5.

Regarding stakeholders’ engagement:
e Using the questionnaire that was created for the context of this thesis study, more than 70%
of the stakeholders should feel involved in the decision making.
e The information regarding various port performance indicators should be easily accessible.

Regarding traffic:
e The hours per working day that the traffic exceeds the carrying capacity of the local road
network should be zero.

Regarding intermodality:
e The intermodal connectivity of the port should be improved according to the needs of the
container terminal and the port (rail and road network).

Regarding productivity:

e According to the strategical goal of the port and a market analysis, the goals as to the
number of TEUs in the next years should be set by each container terminal.

e A target level of 1,000-1,250 TEU/berth metre/year should be required from medium-sized
ports with significant transhipment rates, and about 1,500-1,750 TEU/berth metre/year
should be required from large ports.

e The crane utilization should be approximately 100,000-150,000 TEU/gantry crane/year.

e The crane productivity should be approximately 25—40 crane moves per hour.

o The container vessel time spent in the port should be approximately 0.80 days.

e On average, 5.5 cranes during ship working time should be capable to load and/or unload
the largest container vessels.

e There should be a yard vehicles tracking system to optimize the average time of
activity/inactivity of the yard vehicles and the total number of movements per container unit
and empty trips.

Regarding personnel training:
e There should be constant training seminars.
e The terminal should be informed about techniques and implement innovations to optimize
its efficiency.
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Regarding terminal potential:
e The terminal capacity should be equal to or higher than the actual container traffic.

Regarding expandability:
e The Master Plan proposals should comply with the needs of the port and the city and should
be amended regularly to include the eventual changes.
e The Master Plans should be designed based on the concept of flexibility and sustainable
growth

Regarding circular economy:
e The reuse of dredged material inside the port (if non-contaminated), the renewable energy
production, the recycling, the use of biofuels and treated greywater should be maximized
within the terminals and consequently within the ports.

2.3 Application of PSAF on the two terminal case studies

In this section, the data gathered from the application of the PSAF in the two terminal case studies is
presented. In other words, the current and historical condition of the two terminal case studies is
described. The information deriving from the application of the PSAF to the two terminal case
studies are compared with the operational objectives that are set and the results are expressed as a
percentage of achievement for each terminal of the operational objectives.

Performed Research Steps to answer
Research sub Question #1 :

» Test the success of applicability of the PSAF in the two port case studies

Performed Research Steps to answer
Research sub Question #2 :

» Apply the PSAF to the two container terminal’s case studies
o Test the level of achievement of the operational objectives defined in the two port case studies

2.3.1 Motivation of selection of case studies

The container terminal case studies that were selected to be assessed as far as sustainability is
concerned are the terminals of Piraeus and Livorno. General information on the two case studies are
presented in Appendix B

The motivation of selection of the container terminals of Piraeus and Livorno as case studies derive
from two necessities.

The first one is expressed by the need of assessing the sustainable performance of Mediterranean
ports and proposing ways in which it can be enhanced since the concept of sustainability is not yet
well-thought-out and incorporated in the decision making process in most of the Mediterranean
ports. From additional literature research, there are several sources that indicate that there are gaps
and barriers that impede the Mediterranean container ports’ sustainable development (Aurelio
Tommasetti, et al 2014, Buiza et al. 2015).

The second motivation derives from the task of the Corealis project to make the PoFSG more
dedicated and realistic. This task is meant to extend the functionalities of the game and implement it
in the Piraeus and Livorno Living Labs (LLs). Therefore, the choice of the case studies of the ports of
Piraeus and Livorno seemed to be the perfect fit to conform to both necessities.
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As already mentioned, the choice of assessing the sustainability of container terminals is initially
based on the fact that the Corealis project is based on Piraeus Container terminal and on the
container terminal of Livorno (and only partly in the general cargo). Additionally, specialized
container terminals in modern ports have all the characteristics to be considered independent units
of the port (due to their distinct operations, functions, superstructure and infrastructure) and as
such a separate approach of their impacts and sustainability is appropriate in order to assess with
objectivity their impacts.

However, it should be mentioned that even though the study is based on container terminals, most
of the outcomes and recommendations presented in this thesis research could be expanded and be
applicable to the wider port entity.

2.3.2 Method for data collection
The approach followed for the collection of the data relevant to the elements of the PSAF is the
following:

o Online research (articles, papers, published annual reports, environmental reports etc.)

o Contact the various authorities and responsible parties (Port Authorities, Terminal
Operators, Environmental Organizations that carry out monitoring campaigns, Chamber of
commerce and industry etc.)

o Attendance in the Focus Group meeting in Livorno and Piraeus (on the 17/07 and 04/09
respectively) that were organized by the Corealis project

o Question form (QN1) (drafted in English, Greek and Italian) containing all the data which are
required

In the Appendix F it is presented in a detailed way which online literature sources were used, which
actions were taken to gather information as well as the contact list of stakeholders and authorities
for each port.

The collected data for each terminal case study listed per theme is presented in Appendix H .

After having completed all the previous actions, not all the necessary data could be retrieved and
gaps are still remained. The operational objectives for which it was not possible to retrieve
information are presented in Appendix |

2.3.3 Sustainability levels of terminals

It has to be taken into account that the main purpose of this thesis project is the creation of a
framework for the objective assessment of container ports’ sustainability, rather than the direct and
detailed quantification of the sustainable performance of the ports. Hence, the sustainability level of
the port is estimated based on the comparison of the current and desired state that is expressed by
a percentage of achievement of the operational objectives (defined by the author) within the port.
In order to illustrate the sustainability level of the port two questions need to be answered:

1. For each sustainability theme, which is the percentage of the operational objectives for
which there is available data?

2. Regarding the operational objectives for which there was available data, what percentage of
the targets they entail are achieved by the terminals?

The previous steps are also presented as an extension of the PSAF framework that is illustrated in
Figure 5.
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Final operational objective |—»|  Desired state Current state

2

States comparison

L For which operational objectives
For each sustainability theme |- there was available data? —>

v

What is the percetage?

What percentage of the targets they entail
are achieved by the terminals?

Figure 5: Extension of PSAF - sustainability level

In the tables presented in Appendix | are indicated the non-achieved operational objectives, the

achieved ones and the operational objectives for which it was not possible to retrieve information or
the available information was not adequate.

In the following figures (Figure 6 and Figure 7) the percentage achievement of the targets defined by
the operational objectives for each sustainability theme is presented.

In should be noted that in Figure 6, the operational objectives for which no adequate data could be

retrieved are considered not to be achieved, whereas in Figure 7, the percentages derive only the
operational objectives for which sufficient information could be gathered.
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¥ Piraeus

H Livorno

Figure 7: Percentage of achievement of operational objectives in terminals of Piraeus and Livorno (only operational
objectives for which there was info available)

It can be concluded that in the Container terminal of Piraeus:
o There is available data for 68% of the operational objectives
e  64% of the operational objectives for which there is available information are achieved by
the Piraeus container terminal.

It can be concluded that in the Container Terminals of Livorno:
e There is available data for 69% of the operational objectives
o 48% of the operational objectives for which there is available information are achieved by
the container terminal of Livorno.

However, together with the above results, it should be taken into account that all the necessary data
required to define the performance of the port as to the operational objectives that were set, was in
the most cases very hard to retrieve. Especially all the environmental information that was not
accessible (data from environmental monitoring of air, water column, noise etc.) must be openly
shared by law.

Another aspect that was identified while applying the PSAF to the two terminal case studies was that
neither of them performs systematic environmental monitoring of the port area. Thus, even though
the results regarding environmental monitoring that were found from campaigns carried out
occasionally or in the context of other research projects, were not exceeding the thresholds that
were defined, it does not reflect upon a sustainable performance of the port that should be based
upon regular and systematic monitoring programs.

All in all, it can be concluded that the applicability of the PFAF in two case studies was successful,
since it provided a structured manner to access the information required for comparing the current
state of the ports.
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3 ELICITATION OF STAKEHOLDER’'S PERCEPTIONS ON PORT
SUSTAINABILITY

In this chapter, a method is developed aiming to elicit stakeholder’s perceptions of port
sustainability. More specifically, the exploration of the opinions of the stakeholders on the
comparative importance of the sustainability themes is carried out through questionnaires.
Additionally, the perceptions regarding ecocentrity and anthropocentrism are accessed, their
knowledge of port sustainable development, their perception on ports and container terminals
and their views of their involvement in the decision making. The outcomes of the questionnaire are
a stakeholder perception analysis and the production of importance weight factors for each
sustainable theme, using the Analytical Hierarchy Process (AHP).

The research Questions and consequently the Research sub Questions that are answered in the
context of this Chapter are presented in the following flowchart.

1st Main Research Question

How can the sustainable performance of container terminals’ be objectively assessed?

Research sub Question #3

#3 How can the perceptions of stakeholders be included in the sustainable development of a container terminal?

2

Answered by:

Creating a questionnaire to access the stakeholder’s perceptions.

Research sub Question #4

#4 What method could be used to determine weight factors for the purpose of ranking themes?

v

Answered by:

Applying a modified version of the Analytical Hierarchy Process on the questionnaires
to identify the stakeholder’s priorities on the sustainability themes.

2nd Main Research Question

How can the POFSG become more dedicated and realistic?

Research sub Question #4

#4 What method could be used to determine weight factors for the purpose of ranking themes?

2

Answered by:

Applying a modified version of the Analytical Hierarchy Process on the questionnaires
to generate comparative weight factors that can be used to score measures in the PoFSG
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3.1 Method for elicitation of stakeholders’ perceptions

Performed Research Steps to answer
Research sub Question #3 :

¢ Chose the suitable method to elicit people’s perceptions.

There are various methods to elicit stakeholder's perceptions, for instance, performing face to face
interviews, phone interviews or computer-assisted personal interviewing, questionnaires, obtaining
past records and studying the stakeholder’s reactions on specific matters etc.

Through all the available methods, in the context of this thesis study, the elicitation of stakeholder's
perceptions on port sustainability is carried out by means of questionnaires.

This method was considered to be the most suitable for several reasons. Initially, since the desirable
number of answers (size of the sample) was relatively large, by means of a questionnaire a large
number of perceptions on various aspects of sustainability can be accessed and recorded.
Additionally, a questionnaire is considered to be more time efficient from interviews and more
precise than attempting to gain some conclusions by studying the reactions of stakeholders from
past records.

Furthermore, since sustainability is considered a vague and ambiguous concept, a logical approach
would be to define its main components and their relative importance based on what people think.
Sustainable port development is an approach that aims to improve the environmental and socio-
economic conditions in combination with the increase of the port’s profit. In that sense, there does
not seem to be a more suitable approach than including the perception of the stakeholders into the
design.

A structured questionnaire could assist to the elicitation of the port's stakeholder's views and
perceptions on port sustainability as well as setting the base for the formulation of the importance
weight factors that would be assigned in each sustainability theme. The last statement is achieved
through the inclusion of the Analytical Hierarchy Process method in the structure of the
guestionnaire. In that manner, the stakeholders can systematically assess the importance of the
three pillars of sustainability (PPP) and the sustainability themes comparing them to each other, two
at a time. The outcome of this process is the assignment of weights to each PPP and sustainability
theme.

In Appendix J are presented detailed info regarding the questionnaire layout, methodology and
processing.
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3.2 Stakeholder perception analysis and weights of sustainability themes

Performed Research Steps to answer
Research sub Question #3 :

 Creation of a Questionnaire to perform stakeholder perception analysis
« Test effectiveness of the questionnaires through the identification of strong and weak points

Performed Research Steps to answer
Research sub Question #4 :

» Apply and partially modify the Analytical Hierarchy Process (AHP) for the creation of importance weight factors for each sustainability
theme
¢ Use Python to automatically process the data of each questionnaire and derive results
e Calculate (using the AHP method) the weight factors for each sustainability theme

The questionnaires were sent by email to most of the participants of Corealis Focus Groups held in
Piraeus and Livorno. They were also sent to port experts from various countries, but mostly Greek
and Dutch, to academics and last but not least to users of the ports that have a background that
supports the understanding of those matters. The questionnaires were answered by 43
interviewees of various countries.

In the table that follows the distribution of the stakeholder categories and countries is presented in
Table 1.

Table 1: Distribution of interviewees in countries and stakeholder categories
STAKEHOLDERS CATEGORY

Local community

Port user_passenger

Port Authority

Terminal operator_concessionary

Shipping line

Ship chandler

Port Police

Scientific institutions

Governement agency

Municipallity

Port expert

Other

[ I R I e T E AL

[y
=

w

COUNTRIES/CONTINENTS

Greece 18
Italy 12
10

3

Other EU
Non EU

The projected deliverables of the questionnaires were the final weights of the PPP themes and the
average scoring of the other questions based on the totality of the received questionnaires (a group
of all questionnaires). However, it was decided to also process the questionnaires grouped by port
experts only, Greek stakeholders, Italian stakeholders and combined Greek and Italian stakeholders
(Mediterranean stakeholders) and observe eventual differences among the various groups. The low
sample size of any other combination did not permit the examination of more groups. The
summarized results are shown in the table that follows and the detailed results for each group are
presented in Appendix K .

In the upper part of Table 2, the results of the AHP processing and the resulting weights for PPP and
related themes are reported per group. Next, follow the averages of the answers to the last part of
the questionnaires, expressed as a percentage (all answer values range from 1 to 5, so they are
expressed as value% = -0.25 + value*0.25). In the last part of the table, the main information
regarding each group is reported.
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Table 2: Summary of results of questionnaires processing per group

AL [ P.experts| Greece | Haly | GRHT |
PPP weights
Environment P 37.61% 33.51% [ 36.22% I 41.31% I 38.30%
Society I 34.52% 35.21% 35.86% 27.82% 32.59%
Economy [  27.88%] 31.28%| 27.92% 30.86% | 29.12%
AHP final themes weights
Air quality 8.80% 8.95% 8.52% 8.93% 8.64%
Water quality 7.44% 6.53% 6.90% 7.66% 7.20%
Water consumption 4.96% 2.52% 3.61% 8.02% 5.62%
Soil/sediment quality 6.76% 6.31% 6.49% 7.58% 6.95%
Noise 4.63% 5.95% 4.96% 4.13% 4.54%
Electricity consumption 5.02% 3.26% 5.74% 4.99% 5.35%
Employment opportunities 7.98% 8.77% 8.40% 6.77% 7.76%
Safety levels 9.79% 11.16% 9.35% 5.69% 7.68%
Land use changes AAT7% 4.81% 5.88% 3.77% 4.93%
Recreation and aesthetics 3.62% 3.64% 3.84% 3.51% 3.77%
Stakeholders involvement 3.90% 3.42% 3.18% 4.09% 3.73%
Traffic congestion A4.76% 3.41% 5.22% 4.00% A4.72%
Intermodality 5.68% 5.12% 6.51% 5.29% 5.99%
Productivity 5.21% 5.90% 5.67% 5.98% 5.79%
Personnel training 3.95% 5.30% 4.09% 4.64% 4.32%
Terminal potential 4.63% 3.97% 4.65% 5.78% 5.11%
Expandability 4.30% 6.93% 3.48% 4.87% 4.06%
Circular economy 4.10% 4.06% 3.51% 4.32% 3.85%
NEP 62.05% 58.18% 60.74% 69.72% 64.33%
Port sustainability knowledge 69.77% 73.58% 67.53% 70.31% 68.65%
Stakeholders involved in business strategies 48.26% 47.73% 40.28% 60.42% 48.33%
Stakeholders involved in environmental strategies 66.28% 77.27% 56.94% 72.92% 63.33%
Port serious environmental impacts consern 50.00% 45.45% 48.61% 60.42% 53.33%
Port important societal benefits 69.19% 70.45% 69.44% 64.58% 67.50%
Feeling of involvement A4.77% 56.82% 50.00% 37.50% 45.00%
Port sustainability approach achieved 54.65% 54.55% 52.78% 64.58% 57.50%
N. of Questionnaires 43 11 18 12 30
N. of PPP consistent Questionnaires 35 8 16 11 27
N. of Env consistent Questionnaires 27 3] 11 11 22
N. of Soc consistent Questionnaires 25 7 10 8 18
N. of Econ consistent Questionnaires 22 4 10 8 18
STAKEHOLDERS CATEGORY
Local community 2 2 2
Port user passenger 8 3] 2 8
Port Authority 4 1 2 3
Terminal operator_concessionary 3 3 3
Shipping line 1 1 1
Ship chandler 1 1 1
Port Police 1 1 1
Scientific institutions 7 3 3
Governement agency 1 1 1
Municipallity 1 1 1
Port expert 11 11 4 4
Other 3 2 2
COUNTRIES/CONTINENTS
Greece 18 4 18 18
Italy 12 12 12
Other EU 10 6
Non EU 3 1

3.2.1 PPP priorities

With the exception of the port experts' subgroup, all other groups considered the environment to be
the most important factor of PPP. The port expert’s subgroup considers the societal factor to have
the major priority on PPP. On the other hand, Greek stakeholders consider the environment slightly
more important than the societal issues (36.22% against 35.86%) and least important the economy
(27.92%), while the Italian stakeholders consider the environment far more important than the
society (41.31% against 27.82%) and their second priority is the economic factor (30.86%). The port
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experts rate first the society (35.21%), second the environment (33.51%) and last the economy
(31.28%).

In the bar chart that follows the PPP factors, together with the NEP% scores are shown for all groups.
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B Environment
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Figure 8: PPP and NEP per group

It can be observed that NEP and environment values seem to be correlated. The hypothesis was
tested with the regression analysis, that excel provides, using NEP% as the independent variable and
Environment weight% as the dependent (P, %=a+b*NEP%).

The Correlation Coefficient of 0.9762, the Coefficient of Determination of 0.9373 and the Standard
Error of 0.0071 confirm the possibility of a valid hypothesis with a=-0.0286 and b= 0.6389 (Figure 9).
The above is in line with the NEP general estimation that higher NEP scoring indicates a more pro-
environment attitude.
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Figure 9: NEP - Environmental priority. Observed data and linear regression

However, the same hypothesis is not valid for the single data of the questionnaires, as there is not a
well-defined correlation between P.,, and NEP.

As explained in Appendix J , in order to test the representativeness of the results of the
guestionnaires, it was tested if they could likely be part of a normal distribution. In that manner, it
can be ensured in some level that the sampling population is representative and the possibility of
receiving particular answers from interviewees pursuing a specific aspect can be excluded.

Therefore, in mathematical terms, in order to examine the hypothesis that, at least, the PPP priority
data were likely part of a normal distribution (null or Ho hypothesis) and keeping in mind that each
PPP weight is calculated from pairwise comparisons, it was decided to test the hypothesis that the
differences between the averagely most important factor (P;) with the averagely least important one
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(P;) are likely drawn from a normal distribution. The method in which this test is performed is
explained in detail in AppendixJ .

The spread between P, and P, weight (most and least important PPP factor) and the NEP score
were tested for normality for each group separately. The results show that for almost all groups and
for both hypotheses the possibility that data were drawn from a normal distribution cannot be
rejected. Only the group of Greek-ltalian stakeholders produced a test p-value inferior to 0.05
(0.0472) and the null hypothesis (the population is normally distributed)should be rejected.

In Table 3, the main characteristics of the normal distribution of each PPP factor and NEP and the
results of the Shapiro-Wilk normality test for the group of all questionnaires are shown.

Table 3: Penv-Pecon spread and NEP basic stats and normality test for the all questionnaires group

PLAMNET-PROFIT DISTRIBUTION NEP DISTRIBUTION
Average 0.0973 Average 0.6205
Minimun -0.6667 Minimun 0.1000
Maximum 0.6667 Maximum 0.9000
Standard deviation 0.3779 Standard deviation 0.1482
Variance 0.1428 Variance 0.0219
Shapiro-Wilk normality test 0K Shapiro-Wilk normality test 0K
Test statistic 0.939 Test statistic 0.948
p-value 0.053 p-value 0.050

In the figures that follow the normal (univariate) distributions of the Peny-Pecon and NEP is shown for
the group of all questionnaires.

PLANET-PROFIT univariate distribution NEP univariate distribution

051

00 I Y T , 00 B e (R W TTTTTH TN T IS
-1.00 —0.75 -050 -025 000 025 050 075 100 0.2 oo 02 04 06 [ ¥:] 10 12

Figure 10: Normal distribution of P,,-P..o, and NEP (all questionnaires group)

The pairwise relationships among NEP and the 3 PPP factors (for all questionnaires) are presented in
the following graph. In the diagonal are represented the univariate kernel density estimation of each
factor, in the upper part the pairs scatter plots and in the lower part the pair bivariate densities. The
graphs are automatically created in the 3rd Python script, using the module SeaBorn
(sns.PairGrid,sns.kdeplot and plt.scatter).
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Figure 11: Pairwise relationship among NEP and the 3 PPP factors

All the above are automatically calculated and plotted in the 2nd Python script and exported in the
excel workbook that contains the results for each group of questionnaires.

As explained in Appendix J (J1.2 the consistency of the answers that were given has been checked by
calculating the consistency ratio (CR<0.2).

The ratio of the various groups with acceptable PPP matrix answers is presented below:

Table 4: Percentage of AHP consistent PPP matrix per group
ALL P. experts Greece Italy GR+IT
|% of PPP consistent Questionnaires 81.40%| 72.73%| 88.89%| 91.67%| 90.00%

The observed low percentage of valid PPP matrices of the port expert group, even if a simple 3x3
matrix is involved, well inside the limits of the "magical number 7 +2"(Miller 1955), could simply
reflect the (unconscious?) unwillingness to fill the questionnaire instead of reflecting a not very clear
grasp of the concept of PPP.
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3.2.2 Environmental themes' priorities
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Figure 12: Environmental themes' final weights per group

The theme with the highest priority for all groups is the air quality, which is the overall second most
prioritized theme (Figure 12). The Italian stakeholders consider water consumption to be the second
most important environmental issue followed by water and soil quality. On the contrary, port
experts consider water and electricity consumption to be the least important environmental issues.
The final weights of the group of all questionnaires are presented in the table that follows, sorted
from largest to smaller.

Table 5: Environmental themes final weights for all questionnaires

Air quality il 8.80%
Water quality Il 7.44%
Soil/sediment quality il 6.76%
Electricity consumption 5.02%
Water consumption 4.96%
Noise 4.63%

As explained in Appendix J (J1.2 the consistency of the answers that were given has been checked by
calculating the consistency ratio. The ratio of the various groups with acceptable Environmental
matrix answers (CR<0.2) is presented below. The percentage is calculated on the questionnaires with
valid PPP consistency.

Table 6: Percentage of AHP consistent Environmental matrix per group
ALL P. experts Greece Italy GR+IT
|% of Env consistent Questionnaires 77.14%| 75.00%| 68.75%| 100.00%| 81.48%

Greek stakeholders have the lowest ratio of consistent Env. matrices. On the contrary, Italian
stakeholders have a very clear opinion on the priorities of the six environmental themes. Port
experts have a similar error ratio to the one observed for their PPP matrices.
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3.2.3 Societal themes' priorities
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Figure 13: Societal themes' final weights per group

The societal theme with the highest priority is the safety level of the port, which is also the overall
most prioritized theme. Only the Italian stakeholders' group considers this theme second after
employment opportunities, the second most important theme of all other groups. The remaining 4
themes have a considerably lower priority in all groups. Greek stakeholders show a relatively higher
sensitivity to the themes of land use changes and traffic congestion. The final weights of the group of
all questionnaires are presented in the table that follows, sorted from largest to smaller.

Table 7: Societal themes final weights for all questionnaires

Safety levels le 9.79%
Employment opportunities |||||||| 7.98%
Traffic congestion | 4.76%
Land use changes | 4.47%
Stakeholders involvement 3.90%
Recreation and aesthetics 3.62%

As explained in Appendix J (J1.2 the consistency of the answers that were given has been checked by
calculating the consistency ratio. The ratio of the various groups with acceptable Societal matrix
answers (CR<0.2) is presented below. The percentage is calculated on the questionnaires with valid
PPP consistency.

Table 8: Percentage of AHP consistent Societal matrix per group
ALL P. experts Greece Italy GR+IT

|% of Soc consistent Questionnaires 71.43%| 87.50%| 62.50%| 72.73%| 66.67%

In the Societal matrix, port experts have the highest ratio of consistent matrices. The Greek group
still has a lower ratio. The Italian group has also a high rate of inconsistencies, still 10% less than the
previous group.
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3.2.4 Economic themes' priorities
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Figure 14: Economic themes' final weights per group

Intermodality and productivity are the most important themes of the economy matrix for the group
of all questionnaires. The port experts group gives the highest priority to the expandability theme,
followed by productivity and personnel training. The Greek group consider intermodality and
productivity to be of the highest priority. The Italian group, instead, prioritize productivity and,
secondly, the terminal potential. The final weights of the group of all questionnaires are presented in
the table that follows, sorted from largest to smaller.

Table 9: Economic themes final weights for all questionnaires

Intermodality 5.68%
Productivity 5.21%
Terminal potential 4.63%
Expandability 4.30%
Circular economy 4.10%
Personnel training 3.95%

The ratio of the various groups with acceptable Societal matrix answers (CR<0.2) is presented below.
The percentage is calculated on the questionnaires with valid PPP consistency.

Table 10: Percentage of AHP consistent Economic matrix per group
ALL P. experts | Greece Italy GR+IT

|% of Econ consistent Questionnaires 62.86%| 50.00%| 62.50%| 72.73%| 66.67%

The economy matrix has the lowest ratio of consistency. This was expected as the questions involve
a certain degree of knowledge of the port economy. What was not expected, was the extremely low
ratio of consistent matrices of the port experts group. The ratios of consistency for the Greek and
the Italian group are identical to the previous matrix.
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3.2.5 Stakeholder’s perceptions part

In the bar chart that follows a summarized plot of all groups' answers of Part D of the questionnaire
is shown.
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Figure 15: Scoring % of the Part D questions

The first 15 questions produced the NEP scoring, that is here expressed as a percentage. In the unit
regarding the PPP weights were shown that NEP and environmental priorities are strongly correlated
for all groups. The port experts group has the lowest NEP scoring and the Italian group has the
highest.

Regarding the 8 questions that should assess the general knowledge of the concept of port
sustainability, even if the group of port experts shows the highest score, 73.58% against 70,31% and
67,53% of the Italian group and Greek group respectively, it seems that they failed to distinctly
separate the port expert group from the other ones. This could be due to the fact that: a) all groups
have a good grasp of the port sustainability concept, b) the questions could be answered correctly
according to a general pro-environment attitude and c) the scientific community generally avoids
making statements of almost absolute certainty like the option "strongly agree" of the questionnaire,
fact that lowers the score of the answers.

The next single question was about the involvement of all stakeholders in the business strategies of
the port. The only group that answered positively this question was the Italian one. All other groups
disagreed with the above statement. On the contrary, all groups consider necessary the involvement
of all stakeholders in the environmental strategies of the port.

Port experts and Greeks do not feel that the container terminal has serious impacts on the
environment. On the contrary, Italians consider that a container terminal could have serious impacts
on the environment.

All groups agree that the container terminal can generate important societal benefits.

Regarding the feeling of involvement, port experts, as expected, answer positively to the question.
Greek stakeholders are uncertain and ltalians feel that they are not part of the decision making
processes of the port.
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Finally, all groups assess that port authorities have a certain level of positive approach to the
sustainability issues of the port.

3.2.6 More themes suggested by interviewees
Few interviewees made suggestions of additional themes for the PPP factors.

The suggested additional environmental themes were: nature, climate, renewable resources, climate
change/extreme events, light pollution, biodiversity conservation, the source of energy, existing
coastal processes, technological and economic growth to unimaginable yet to us levels, space
required.

The additional societal themes were: quality of living environment, resettlements,
archaeological/traditional values, security level.

The additional economic themes were: air emissions, added value, throughput.

It can be noted that there is no recurrent theme among the suggestions, and even more, many of
the themes are already considered, directly or indirectly, through the research proposed themes.
This fact confirms the validity of the 3X6 themes chosen for this study.

3.3 Conclusions and resulting weight factors

Performed Research Steps to answer

Research sub Question #3 :

o Test the effectiveness of the questionnaires through the identification of its strong and weak points
¢ Conclude which are the most important sustainability themes based on stakeholder's perceptions
¢ Conclude on what are the views of the average interviewee

The total number of questionnaires and the distribution of the countries and stakeholder categories
permitted the separate examination of the results for a small number of groups. There are
differences among the groups, regarding the priorities of the PPP factors and the priorities of the
various PPP themes.

The test for normality of the PPP answers is positive for all groups except the Greek-Italian group,
therefore it can be concluded that the population was representative. Even so, the sample is very
low to extract valid conclusions for each group separately.

The questionnaire as a whole is efficient and able to identify various differences among the
investigated groups. It could be a valid instrument for evaluating priorities and attitudes of port
stakeholders if a sufficient number of questionnaires per stakeholder category could be achieved. It
could also provide port authorities with valuable info regarding various aspects of their
interrelations with various stakeholders’ categories and permit them to plan accordingly.

However, the 8 port knowledge questions should be modified in order to achieve a scoring that
distinctly separates "port experts" from "non-experts".

The final priorities of the various PPP themes and the average scoring of NEP, port knowledge and
the other questions (all calculated over all questionnaires) are respectively presented in Table 11
and Figure 16 respectively.
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Table 11: Priorities of the PPP themes

AHP final themes weights sorted

ALL

Safety levels

9.79%

Air quality

8.80%

Employment opportunities

7.98%

Water quality

7.44%

Soil/sediment quality

6.76%

Intermodality

5.68%

Productivity

\ 5.21%

Electricity consumption

I 5.02%

Water consumption

I 4.96%

Traffic congestion

4.76%

Noise

4.63%

Terminal potential

4.63%

Land use changes

4.47%

Expandability

4.30%

Circular economy

4.10%

Personnel training

3.95%

Stakeholders involvement

3.90%

Recreation and aesthetics

3.62%

Safety levels and air quality are the top priorities of the port's sustainability approach. The themes
with least priorities are the stakeholder involvement and the recreation and aesthetics.

Port sustainability approach achieved

Feeling of involvement

Port important societal benefits

Part serious environmental impacts consern

Stakeholders involved in environmental strategies

Stakeholders involved in business strategies

Port sustainability knowledge

NEP

66,28%
48,26%

69,77%

62,05%

0,00 0,50 1,00

Figure 16: NEP, port knowledge and other answers scoring

According to the 43 questionnaires, the average interviewee:

e shows a moderately positive pro-ecological aptitude

e has a good grasp of the port sustainability concept

e wants to be involved in the port's environmental strategies

o feels that the port can have important societal benefits

e is weakly positive about the sustainability approach of the port authorities
e is uncertain about serious environmental impacts

e does not feel involved in the decision-making of the port

e does not want to be involved in the port business strategies
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4 EXTENSION OF PoFSG

In this chapter, the main weaknesses of the current version of the PoFSG are explored and
modifications are recommended either in terms of concrete proposals either in the form of more
general recommendations. Based on the weaknesses of the game, a new sustainable performance
scoring system (SPSS) is developed to evaluate the performance of sustainability measures on
People, Planet and Profit (proposed to substitute the current scoring system in the PoFSG). The
weight factors for each sustainability theme, derived from the previous chapter, are used to
calculate the final sustainability score of each measure so that sustainability could be objectively
assessed. Considering the two sustainability themes with the largest weight factors (Air
quality/carbon emissions and Safety levels/ climate change effects) and based on the gaps that exist
in the PoFSG and also the weak points of the case studies that were brought into surface, the PSAF
and specifically the “Intervention” procedure is further extended. In that manner, measures are
included that aim to enhance the sustainable performance of the ports and at the same time serve
as invaluable inputs to the PoFSG. Through the extension of the PSAF, the proposed sustainability
measures are scored with the SPSS. As a result, sustainability measures are proposed for the PoFSG,
which include a performance score to PPP.

The research Questions and consequently the Research sub Questions that are answered in the
context of this Chapter are presented in the following flowchart.

2nd Main Research Question

How can the PoFSG become more dedicated and realistic?

Research sub Question #4

#4 What aspects of the PoFSG need to be improved and in what way?

v

Answered by:

Identifying the weaknesses of the PoFSG.
Proposing concrete solutions and/or general recommendations based on the weaknesses initially traced

Research sub Question #5

#5 What method could be used to score the performance of sustainable strategic measures to People, Planet and Profit?

A

Answered by:

Developing a system to score the performance of sustainable measures to PPP (SPSS)

Research sub Question #6

#6 Which measures could be proposed to contribute to the improvement of the terminals' performance on the two most important themes?

v

Answered by:

Extending the PSAF and specifically the “Intervention” procedure
Introducing sustainable measures to cover the weaknesses of the case studies and the gaps of the PoFSG (to facilitate stakeholder engagement)
Scoring their performance to the terminal’s sustainable growth through the SPSS
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4.1 Weaknesses of the PoFSG

In this section, the main weaknesses of the current version of the PoFSG will be explored through
interviews with experts, recorded feedback and a personal judgment formed while playing the
PoFSG.

Performed Research Steps to answer
Research sub Question #5 :

¢ Explore the weaknesses of the PoFSG

The general concept of the Port of the Future Serious Game (PoFSG) is explained in Appendix A .

A meeting was held in Deltares, in which employees working in Corealis, as well as employees from
different departments, with specialization in ports, sustainability, ecology, serious gaming etc. took
part. In this meeting, the PoFSG was presented by Mrs. Vergouwen, member of the Port of the
Future project team. The purpose of this meeting was to get acquainted with the PoFSG and identify
aspects, essential to be improved. By the end of the meeting, several weaknesses were brought into
the surface.

One of the weaknesses that were traced is the logic behind the scores that were designated to some
measures as to PPP. Some measures existed for which the scores for People, Planet and Profit could
not be logically derived and they did not seem realistic. It was also pointed out, that the logic behind
the scoring system that is used for the existent measures is known, but no record exists on the
detailed process for the assignment of PPP scores for each measure. Therefore, it was indicated that
the PPP scoring needed to be evaluated.

While playing the PoFSG it was observed that the “stakeholders” not directly specialized in ports
were focusing on a great extent on the scoring values for each PPP that were presented in each card,
rather than using this scoring as a supplementary tool to understand the impacts of the measures. In
other words, they neglected the qualitative effect of each measure and what it represented. In
that sense, the second goal of the PoFSG to educate players on combining ecosystem knowledge and
sustainable development was not efficiently achieved.

The PoFSG has been played and tested in a lot of countries of the world (Chile, Argentina, Uruguay
etc.) where different stakeholders took part. One of the main concerns was that the list of measures
that are involved in the game is too long and that caused confusion during the selection of the
measures.

Another weakness of the PoFSG is that even though the main concept is based on applications of
measures to a fictional port that does not have any specific characteristic, in order to develop
knowledge that could be generally applicable, this seems to obstruct the players to take informed
decisions about the port.

In addition, in the context of the Corealis project, there is the need to include more competitively
climate change adaptation strategies. Currently, climate change adaptation measures are not
directly included in the game, however, several measures are proposed in the category "coastal
protection" that are considered relevant. During the game various scenarios are played and activate
a dialogue among the players during the negotiations of the decision-making process (Liagkouras et
al. 2015). One of the scenarios that is introduced is the climate change scenario. The groups of
fictional “stakeholders” or actual stakeholders are called to take this situation into account and try
to find the best combination of flood defense measures and other measures for improving the
performance of PPP. Therefore, the need to make the PoFSG more dedicated to climate change is
apparent.
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Moreover, the likelihood of success of the measures is not included in the game. It would be
beneficial if the PoFSG could be used to trigger the stakeholders understanding of the complexity
and the uncertainty that is enclosed in decision making, such as the climate change adaptation
decision making.

Additionally, the PoFSG does not currently provide any indication of how much sustainable the port
“becomes” when the players select their measures.

Furthermore, every time that the PoFSG was played, the results of the game are not recorded.

Last but not least, Corealis project is dedicated partly to make the PoFSG more realistic and
plausible/acceptable to different stakeholders in order to make the game even more tailored for
stakeholder engagement.

4.2 Sustainable Performance Scoring System (SPSS)

Based on the weaknesses that are identified in the previous section, a new scoring system is
developed to evaluate the performance of sustainability measures on People, Planet and Profit that
is proposed to substitute the currently existing scoring system in the PoFSG. Through this
sustainable performance scoring system (SPSS), sustainability measures are scored with respect to
the sustainability themes.

Performed Research Steps to answer
Research sub Question #5 :

« Develop techniques to improve the disadvantages or the gaps that exist in the POFSG
» Develop a system to assign PPP scores in the measures of the PoOFSG

Performed Research Steps to answer
Research sub Question #6 :

o Create an initial scoring system to evaluate the performance of port sustainability measures based on their effects on People, Planet and Profit
« Incorporate into the system the weight factors for each sustainability theme
 Test the applicability of the scoring system on the already existing measures of the POFSG
» Create a method to quantify the port sustainable development based on a set of selected sustainability measures

4.2.1 General

The sustainability themes in combination with their respective weight factors can be used as a basis
to develop a sustainability performance scoring system (SPSS) that could be used from ports to
assess the sustainability of policy measures and strategies. T

he sustainability themes that were introduced in Section 2.2.2, serve two main purposes. The first
main purpose has already been presented in the respective chapter and is related to the creation of
a framework to assess the sustainability of ports. The second purpose concerns the creation of a
scoring system to evaluate the performance of policy measures on People, Planet and Profit.

Through the formulation of weight factors for each sustainability theme (Chapter 3.3), apart from
the theoretical insight that can be gained as to which aspect of sustainability that the stakeholders
find the most important, the weight factors can be also used for a more technical purpose.

The Sustainability Performance Scoring System (SPSS) is inspired from the paper of (Schipper,
Vreugdenhil, and de Jong 2017) “A sustainability assessment of ports and port-city plans: Comparing
ambitions with achievements”. In the specific chapter of "Assessment of sustainability measures in
the context of the performance indicators", the effects that implementation of possible measures
might have on each of the PPP categories is presented, based on the indicators that are used and
that best express the sustainability aspects needed for the of this study. The performance of the
measures vary from -5 (very strong negative effect), 0 (no effect), to +5 ( very strong positive effect)
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for each sustainability sub-indicator. The totals score of each measure is the sum of the partial score
assigned to the indicators.

In this thesis study, the above-mentioned method is further extended, integrating the weight factors
for each sustainability theme to evaluate more objectively the performance of sustainability
measures on People, Planet and Profit. By means of the weight factors, not only the effects of the
implementation of measures on the port city can be presented but also their contribution to the
sustainable development of the port city.

Therefore, each proposed sustainability measure will be initially scored based on the magnitude of
its effect on each sustainability theme (from -5 to +5). This initial score will be then multiplied with
the weight factor that corresponds to each sustainability theme. All in all, the sustainability
performance score of a sustainability measure for each PPP category is derived by summing the
partial final scores of the sustainability themes that are included in each category.

An example of the application of the SPSS to a specific measure is introduced in Table 12.

Table 12: Application of SPSS on a specific policy measure

Replacement of diesely
Sustainability themes powered terminal
equipment

Air quality
Sea water quality
Water consumption
Sediment/soil quality
Noise
Energy consumption
Planet score ] 0,
Employment opportunities
Safety levels
Land use changes
Recreation and aesthetics
Stakeholders involvement
Traffic congestion
People score ] 0,
Intermodality
Productivity
Personnel training
Terminal potential
Expandability
Circular economy
Profit score

Planet

People

Profit

g

4.2.2 Experts’ contribution in SPSS

The initial scores are given by the author based on a literature study, and in the second stage they
are tested and fine-tuned by expert knowledge. The experts were given an excel table in which
sustainable strategic measures were presented and they were asked to score their performance
related to the sustainability themes. The layout of the excel table is presented in Appendix L . The
scale that they had to use was raging from -5 (very strong positive effect) to +5 (very strong negative
effect).

4.2.3 Sustainability level of port
The level of sustainable development of the port that can be achieved by selecting specific
sustainability measures is expressed as a percentage.

Initially, the level that a port can be considered 100% sustainable is set, considering that this is a
non-reachable target. The assumption that 0% sustainability is achieved a measure scores
negatively (-5) in all sustainability themes and 100% sustainability when all when the measures score
positively (+5), is considered extreme and non-realistic. Therefore, a more realistic assumption of
what could be considered a fully sustainable set of measures must be defined.
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First, it should be clear that a set of measures cannot ensure 100% sustainability. For this reason,
100% sustainability could be achieved when the effect of the measures to two most important
sustainability themes from each PPP category would be maximal (+5 score).

In the following Table 13, using the SPSS the sustainability level of a set of measures chosen is
presented. It should be noted that the scoring of the measures presented are resulting from Chapter
4.3 and the scores that are given in Table 13 are used as an example and do not represent the final
scores that will be generated in the next chapter.

Table 13: Sustainability level of port based on sustainability measures chosen

Selected sustainability measures
Relocation of ifi
Replacement of diesel . . . ol:a on . s;.)eu ¢
i . i Adaptation of terminal| Enhanced drainage activities within the
Sustainability themes powered terminal L o
) layout system limits of the existing
equipment
port
Air quality 3 3
Sea water quality 0 0
Planet Wa‘fer mnsur:nptlnrf 0 0 2
Sediment/soil quality 2 0 2
Noise 2 2
Energy consumption 3 2 -1
Planet score T 064 | [ 048 & | 0,18 ! 0,00
Employment opportunities 1 0
Safety levels 2 0 1 3
Land use changes 0 -1
People
Recreation and aesthetics 0
Stakeholders involvement 0
Traffic congestion 0
People score 1 027 | | 010 T | 010 1 ] 0,29)
Intermodality 0 0
Productivity 0 2 2 -1
Profit Persc!nnel tramlvg 0 0
Terminal potential 0 0 -1
Expandability 0 0
Circular economy 0 0 2
Profit score 000 | | 010 1 019 ¥ 0,09
|Suslainabi|il:\|r level % | 58|

4.2.4 Applicability of SPSS in the PoFSG

Since in the PoFSG there is no detailed description of on how the performances of the measures that
are currently used in the PoFSG are derived, the SPSS could replace the current scoring system in
order to be able to score the existing and new measures that are introduced in the game.

As an initial step, the SPSS is applied in one already existing measure of the PoFSG to test the results
and compare it with the current scoring of the measure. The scoring values are presented in the
following tables (in Table 14 current scoring of PoFSG and Table 15 proposed new scoring).

Table 14: Current PPP scoring of measure “Heightening quays”

Planet
0
Sa?::;:ig:gmﬂ Employment bwe?:g- Habitats | Biodiversity | Water quality Port Fisheries Tourism
1 0 0 0 0 0 4 0 1
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Table 15: Application of SPSS in the already existing measure of PoFSG

Sustainability themes Heightening quays
Air quality 0,00
Sea water quality -0,50
Planet Water consumption 0,00
Sediment/soil quality -1,00
Noise 0,00
Energy consumption -0,50
Planet score 0,00
Employment opportunities 1,00
Safety levels 3,50
Land use changes 1,00
People - -
Recreation and aesthetics -0,50
Stakeholders involvement 0,50
Traffic congestion -0,50
People score 0,44
Intermodality 1,00
Productivity 1,25
Profit Personnel training 0,00
Terminal potential 1,00
Expandability -0,50
Circular economy 0,00
Profit score 0,14

Since the scoring that is used in the SPSS, as explained in the previous section, apart from the scoring
that is given by experts (from +5 to -5) includes the contribution of the weight factors, the final
scores are easily comparable. For that reason, the initial scores given by the experts for the SPSS will
also be presented.

It can be observed that the People category is not affected by the measure of “Heightening quays” in
both scoring systems, as expected. Even though in the SPSS the sustainability themes on the People
category have a lower score than the Profit category, it can be observed that the final score for
“People” is higher and this is attributed to the highest importance weight factors of the sustainability
themes on this category. As presented in the current scoring of the PoFSG, “People” received a
lower scoring than “Profit”.

Another aspect that has to be taken into account is that the SPPS that the category “Profit” is
reflecting mainly upon the internal profit of the port, related to the productivity levels and the
capacity of the terminal and the “People” is referring to socio-economic subjects. For that reason, it
should be expected that there would be deviations between the two methods.

All in all, it is considered that the SPSS would have practical use (pros) on the PoFSG based on the
following qualities:

e The sustainability themes for each PPP category are selected by studying the terminal
processes to identify the potential stresses. The most important aspects are considered
sustainability themes.

e The sustainability themes for the scoring of the measures are six for each category of PPP
and this allows a more detailed and objective scoring of the measures.

e The “People” sustainability themes reflect upon socio-economical aspects

e The "Profit" sustainability themes reflect mainly on the internal profit of the port

e By means of the weight factors, not only the effects of the implementation of measures on
the port city can be presented but also their contribution to each PPP.

e After selecting a set of sustainability themes, the sustainable development level of the port
can be measured, using each measure’s contribution to PPP.
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The scoring of each sustainability measure will not be demonstrated as a number value but
as a colour intensity scale so that it will be avoided that players emphasize on the values
while neglecting the actual meaning and impact of the port development measures.

The SPSS presents some weaknesses as well:

A couple of the sustainability themes do not perfectly fit as general scoring criterions for the
sustainability measures, but they represent important aspects of the port development. For
instance, the themes of intermodality, personnel training and expandability are important
aspects of the port development but they do not perfectly fit as general scoring criterions
for the policy measures. However, it is decided to include those themes as scoring criterions
for the SPSS since they constitute important aspects for the port sustainable development.
Since the integer numbers that are used by experts to score the effect of the sustainability
measures to the sustainability themes are multiplied with the importance weight factors,
the resulting scores for PPP are not integer values.

Since sustainability is not an easily defined concept, the calculation of the sustainability level
of the port based on the selected measures cannot be expressed accurately and
assumptions are made.

4.3 Sustainability measures

In this Chapter, the currently existing measures of the PoFSG are evaluated as to their applicability to
Mediterranean ports. Next, the two sustainability themes with the largest weight factors are further
on elaborated. Based on the results, air quality and safety levels are thought to be the most
important among the stakeholders that filled in the questionnaire. The air quality is approached by
means of carbon emissions, since they are obviously associated with the fuel consumption in the
port, as well as, indirectly with the electricity that is consumed in the terminal. The safety levels are
approached by means of safety from climate change impacts. For these specific subjects, the PSAF
and specifically the “Intervention” procedure is further extended to include measures that enhance
the sustainable performance of the ports and at the same time serve as invaluable inputs to the
PoFSG. The extension of the PSAF is presented in Figure 17 and constitutes a separate framework.

States comparison

r— - - - -- - - = - - 1
Y Y
Current state better Current state worse
or equal to desired than desired

!

Intervention

v

Redefinition of operational objectives

v

Gaps in PoFSG > Sustainability measures for the
improvement of ports' weak points

v

Scoring sustainable performance
of measures (SPSS)

Evaluation Procedure —3»

Figure 17: Extension of PSAF — Intervention procedure
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The scores will be assigned from the author from literature research and will be fine-tuned using
expert knowledge. As a result, sustainability measures will be proposed for the PoFSG, which will
include a performance score to PPP.

Performed Research Steps to answer
Research sub Question #5 :

» Develop techniques to improve the disadvantages or the gaps that exist in the POFSG
* Propose measures to make the game more dedicated and relevant to the most crucial sustainability themes

Performed Research Steps to answer
Research sub Question #7 :

» Redefine the operational objectives for the two most important themes
» Propose measures that would aim at effecting positively the two most important themes
 Test the applicability of the proposed sustainability measures in the two ports case studies
» Test the applicability of the proposed sustainability measures in the PoFSG
» Score the measures based on the scoring system that was created (SPSS)

4.3.1 Current measures in the PoFSG

One of the aims of Corealis project is to make the PoFSG more dedicated and realistic to the ports
that are involved. Therefore, a brief presentation of the measures that currently exist in the PoFSG
will be conducted, and the measures that are not considered applicable to the two ports case
studies and consequently to the Mediterranean will be briefly commented. This will create a general
idea of the measures that are included in the game, the gaps and the necessities that exist, which
can be used as guidance for the introduction of new measures.

The measures marked in red are not considered applicable and is proposed to be discarded or
modified.

Category 1: Port expansion measures (total 5 measures)
e Inland expansion: replacing natural areas
e Inland expansion: replacing urban areas

Land reclamation: island

Land expansion: peninsula

Offshore floating

Category 2: Navigation measures (total 6 measures)
o No breakwater
e Qyster breakwater
e Locks: harbour entrance - Mediterranean Sea countries do not have navigable rivers (except
Rhone and Po) (UNECE 2018)
e Locks: inland — Same as previous
e Storm surge barrier: movable — Same as previous
e Dredging

Category 3: Coastal Protection measures (total 7 measures)
e Additional nourishment — Not applicable in many old ports of the Mediterranean since they
are naturally sheltered and the sedimentation processes have stabilized
e Reuse dredged material- Same as previous
e Hard structures —same as previous
e Heightening quays
e Artificial reefs
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Artificial saltmarshes - Limited applicability. Not many Med ports are near rivers nor have
free land to create saltmarshes

Artificial mangroves- Not applicable in the Mediterranean, should be considered to
substitute mangroves with Posidonia or Cymodocea beds

Category 4: Environmental Measures (total 8 measures)

Preventing invasive species

Habitat creation: mangroves— Not applicable in the Mediterranean

Habitat creation: corals — Not applicable in the Mediterranean

Habitat creation: seagrass — Applicable. Maybe Posidonia or cymodocea beds
Eco-connectivity stimulation - Limited applicability. Rarely Mediterranean port separate
habitats

Eco-concrete Structures

Green Roofs in Buildings

Wind Energy - Med ports are generally placed in naturally protected areas with low wind
potential (Globan Wind Atlas 2018)

Category 5: Governance measures (8 measures)

Additional Safety rules
Smaller ships

Wastewater treatment

Tax

Environmental Shipping Index
Habitat compensation
Pollution limits

Attract investors

Category 6: Infrastructure measures (total 7 measures)

Inland connection: railway

Inland connection: water — Not many navigable rivers in the Mediterranean

Inland connection: road

Resorts

Nature-based tourism

Public green infrastructure

On-shore power supply — Add incentives for ship LNG-powered engines and/or scrubbers.
LNG bunkering facilities in ports

Category 7: Urban Measures (total 6 measures)

4.3.2

Photovoltaics in Roofs — To reduce the number of measures this measure can be clustered
with “Green Roofs in buildings”, “Wind energy”, “Solar thermal energy on roofs”.

Solar thermal energy on roofs — Same as previous

Sanitation

Rainwater retention and infiltration ponds

Urban water square - Generally lack of free land to implement

Aquifer storage and recovery — Aquifer near the port area in direct contact with sea water

Air quality - Carbon emissions

Based on the results of the questionnaire, the “air quality” sustainability theme was considered to
be of the highest importance among the other themes that were presented. Through the study of
the various terminal processes to identify the potential stresses, which was elaborated at the
beginning of this thesis project, it was concluded that a great number of the activities that are
carried out in the terminal affect the air quality.
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In the previous relevant chapter, it is emphasized that the CO2 emissions are considered as a
separate indicator since it represents the biggest share of the greenhouse gases (GHG). Additionally,
the CO2 emissions are evidently associated with the fuel consumption in the port, as well as,
indirectly with the electricity that is consumed in the terminal.

Therefore, in this chapter, the focus will be set to sustainable strategic measures for the reduction of
the carbon emissions in ports, related to energy consumption besides fuel consumption.

4.3.2.1 Current state of the ports

The information collected through the application of the Port Sustainability Assessment Framework
(PSAF) for relevant themes of Air quality and Energy consumption are extensively presented in
Appendix H (H1. .

In this subchapter, a brief analysis of the information will be illustrated, contributing, thought the
identification of the weaknesses and the strengths of the terminals, to the introduction of measures
that would be needed for those specific terminal case studies.

Air quality - Fuel consumption

Piraeus Container Terminal (PCT):
e No adequate info regarding the fuel consumption.
e Diesel is the only fuel type is used in the port

Terminal Darsena Toscana (TDT) in the Port of Livorno
e Calculates the fuel consumption in an organized way, in which the operational and non-
operational diesel consumption is calculated separately.
e The diesel consumption in the TDT remains nearly constant during a period of 8 years, as
well as the total diesel consumption per yard moves.

Air quality — Carbon emissions
Piraeus Container Terminal (PCT):
e No reference to carbon footprint in the EIA of the port of Piraeus for 2017
e The design of a Solar Park has been implemented to be installed in Neo Ikonio, which is the
section of the port that requires the most energy

Terminal Darsena Toscana (TDT) in the Port of Livorno
e The CO2 emissions are calculated and correspond both to the diesel and the electricity
consumed.
e (CO2 emissions are presenting a decrease during the years of 2015 and 2016 with a slight
increase in 2017.
e Targets that should be achieved within a specific time period
e Within the period of the five last years, CO2 emissions have decreased by more than 10%.

Energy consumption
Piraeus Container Terminal (PCT)
e [n2017 35.169.243 KWh were consumed
e Green energy is not produced for the container terminal
e All cranes that the PCT is using are powered by electricity
e The PPA's first solar park producing energy from photovoltaic panels has been operating
since July 2016 with capacity of 430 kW.
o No adequate information to draw a conclusion regarding electricity consumption

Terminal DarsenaToscana (TDT) in the Port of Livorno
e Electricity consumption is measures clustering the consumers into separate categories.
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e The electricity consumption in the container terminal is remaining constant over the last 8
years with an approximate average value equal to 8.000.000 KWh/ year.

e Targets are set relating to the decrease in the consumption of non-renewable energy
sources

Terminal Lorenzini in the port of Livorno

e The yearly electricity consumption of the Lorenzini container terminal was 1.500.000 kWh in
2016

e The electricity consumption is stable but with a relatively high ratio of consumption over a
number of container units handled.

o No information regarding energy generation and consumption from renewable sources.

e There is the need to shift more to electricity consumption, while optimizing the total
consumption of the terminal.

4.3.2.2 Redefinition of operational objectives

It is crucial to set an initial operational objective, which is related to the monitoring and the
calculation of the CO2 emissions that are performed in the port. Through the analysis of the case
studies of the Livorno and Piraeus container terminals, it could be concluded that significant efforts
still need to be done from the ports to systematically monitor the carbon emissions and most
significantly set target values to be achieved in predefined time periods along with plans to achieve
them. It is obvious, that the carbon emissions in the port are related to the fuel and electricity
consumption, therefore the plans to reduce the emissions could be directly related to the
aforementioned themes.

Besides, based on the statement of Professor Jens Froese from the Global Logistics Emission Council
(GLEC) “carbon foot-printing of container terminals is not yet mandatory but only recommended”.
Additionally, from an article published in the Maritime Executive in 2018, it is explained that there
are hardly any examples of ports in which incentive programs have been proven to reduce GHG
emissions from shipping and from the results of Section 2, it is concluded that there is a large
number of producers of carbon emissions within the port operations and therefore, the need for
carbon foot-printing and adopting strategies for the decrease of the carbon emissions in a container
terminal is essential.

However, the data that was possible to retrieve for the two terminal case studies are not adequate
to define the desirable targets. For that reason, the operational objectives cannot be updated
successfully.

Additionally, it could be added that efforts should be stepped up to ensure better monitoring;
reporting and verification as a precondition for steering policies towards the most effective
outcomes.

4.3.2.3 PoFSG and air quality - suggestions
The Port of the Future Serious Game is explained in Appendix A .

The already existing measures in the PoFSG that relate to the reduction of pollution, an introduction
of renewable energy resources etc. are presented below:

e Wind Energy — Environmental measures

e Tax (taxing the high-polluting ships more heavily) — Governance measures

e Environmental Shipping Index— Governance measures

e Pollution limits— Governance measures

e On-shore power supply — Onshore power supply

e Photovoltaics in Roofs — Urban measures

e Solar thermal energy on roofs
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The PoFSG has been played and tested in a lot of countries of the world (Chile, Argentina, Uruguay
etc.) where different stakeholders took part. One of the main concerns was that the list of measures
that are involved in the game is too long and that caused confusion during the selection of the
measures.

Therefore, a recommendation would be to cluster some of the measures that belong to the same
category. For example, the wind energy, photovoltaics in roofs and the solar thermal energy on roofs
could be presented into a single measure named “Renewable energy”.

In addition, the “Tax” measure that refers to taxing the high-polluting ships more heavily could also
include incentives for low-emission ships.

4.3.2.4 Measures for the reduction of carbon emissions
The CO2 reduction strategies concern the shipping companies and the terminal operators and above
all, cooperation between them to decrease the carbon emissions.

The evaluation of the sustainable (green) performance of container handling equipment following a
carbon footprint approach also enables to save energy and decrease CO2 emissions coming from
different types of container handling equipment, but also the creation of strategies to realize
sustainable and green growth (Yang and Shen 2013).

The first step for the exploration of solutions to reduce of the carbon emissions in ports, is the
identification of the main producers.

Based on the study of the terminal processes and the identification of the potential stresses that was
performed in Section 2.1, the producers of emissions affecting the air quality can be identified.
Therefore, for the calculation of the carbon emissions, the following data is needed:

e The type and number of equipment that is used for container handling — both for fuel and
electricity consumption

e Yearly total container throughput of the terminal (TEUs, the yearly number of trucks related
to transhipment, the frequency of train departures) —both for fuel and electricity
consumption

e The average monthly departure of container and feeder ships and the vessel types

e The total supply for cold-ironing

e The hours that reefer plugs are operational

However, it is clear that the number of vehicles and trucks that are used for terminal operations is
not adequate to calculate the carbon emissions. The terminal layout plays an important role since it
determines the average distances travelled from vehicles/trucks (Geerlings and van Duin 2011). The
energy that is consumed by the equipment within the terminal is related to the distances that are
travelled to perform several sub-processes (Geerlings and van Duin 2011).

Through literature research, potential measures for reduction of carbon emissions within the port
are explored mainly from the following sources: Geerlings and van Duin 2011, The Maritime
Executive, 2018, Flynn, Mcmullen, and Solis 2008, Corealis.

Based on on the performed analysis and the existing gaps in the PoFSG, the following measures are
proposed, that are considered to increase the sustainability of ports. They are presented along with
the categories that currently exist in the PoFSG in which they could be incorporated. Most of the
proposed sustainability measures belong to more than one category, therefore they are catalogued
according to the most prominent and important category based on the author. An attempt was
made to cluster the measures that involved similar actions into single categories.
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Adaptation of the terminal layout (Infrastructure measure)

Through this measure, the terminal layout will be adapted through the optimization of the travel
routes and distances inside the terminal. It will become possible to reduce the CO2 emissions of the
terminals that do not possess the most optimal layout. (Geerlings and van Duin 2011)

Replacement of (diesel-powered) terminal equipment (Environmental measure)

This measure involves the replacement of diesel-powered terminal equipment to new equipment,
electric or hybrid (Geerlings and van Duin 2011).

Energy recovery from gantry cranes (Environmental measure)

The potential energy from a container during a lowering event can be stored in the flywheels
(storage of rotational energy) and then reused for the container’s subsequent lifting operation. Due
to the energy storage from the flywheels, the size of the diesel engine can be reduced and can lead
to fuel savings (Flynn, Mcmullen, and Solis 2008).

Blending biofuels (Environmental measure)
This policy is aiming to reduce the emissions by diesel fuel. By blending biofuels with diesel, the CO2
that is emitted per litre of diesel used can be reduced (Geerlings and van Duin 2011).

Vehicle management system (Environmental measure)

The optimization of the vehicle/truck movements in the terminal can reduce the emissions from
non-necessary movements. It can also increase the efficiency of the terminal operations (Corealis).

Renewable energy sources (Environmental measure)

This measure entails the production of solar energy, wind energy and energy production from
biomass. Specific examples for the reduction of CO2 emissions would be co-firing biomass in power
stations, solar energy generation from roof areas of the building (businesses) around the port (Port
of Rotterdam).

Green incentives to ships (Governance measure)

This measure involves the expansion of port-based incentives for low-emission ships like carbon
pricing schemes, for example, lower pricing policy for scrubbers or LNG engines. Additionally, strict
implementation of port state control and linkage of the shipping index to pricing policies
(implementation of "the pollutant pays" principle) (The Maritime Executive, 2018).

4.3.2.5 Applicability of the proposed measures to the two ports case studies

Based on the chapter illustrating the information derived from the implementation of the
framework to the two ports case studies and the measures that are proposed, it becomes evident
that most of the measures presented above are applicable to the two port case studies, and reflect
on the achievement of the operational objectives.

Adaptation of the terminal layout:

e There is no available info on if there is a need for adaptation of the terminal layout in PCT.
However, since the development and growth/expansion of the PCT is relatively current, the
necessity for adaptation is not expected.

e Applicable in the Livorno container terminals - Yard optimization is needed as Mr Barsacchi,
from Lorenzini Container Terminal mentioned during the Livorno Focus Group. Currently,
there is a distinction between two yards in the terminal of Lorenzini. No specific information
is available regarding the TDT container terminal and during the interview that was carried
out to the financial operator of TDT, no comments were made regarding the efficiency of the
yard operations nor the need of yard optimization, however the distance from the entrance
gate to the TDT is relatively large and it seems that there is a margin for further optimization.
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Replacement of diesel-powered terminal equipment
e Partly not applicable in PCT - Electrical cranes are already used. Could be applied in all the
other kind of equipment (internal vehicles etc.)
e Applicable to the Livorno container terminals — Based on the information gathered, it was
concluded that there is the need to reduce the fuel consumption and the cranes that are
used are diesel-powered.

Energy recovery from gantry cranes
e Could not be applied easily in PCT since new electric gantry cranes were recently purchased.
It can be considered as a measure to increase capacity in the future.
e Applicable in the terminals of Livorno since there is a need to renew the equipment and
reduce the fuel consumption.

Blending biofuels:
e Applicable in PCT (diesel is the only type of fuel that they are using)
e Applicable in the Livorno container terminals (diesel is the only type of fuel used)

Vehicle management system

e The only information that is available for PCT is that special attention is given to the road
behaviour of the drivers inside the port. Seminars are given to optimize the moves in the
port areas, the way they break etc. (Source: Senior IT Engineer in PCT). Based on this
information it seems that more structured vehicle management system would be needed in
PCT.

e Applicable in the Livorno container terminals: As it was mentioned during the Livorno Focus
Group, in Terminal Lorenzini there is not in use any kind of vehicle tracking, and as a
consequence, trucks arrive without notice. For that reason, specific time slots that the trucks
drivers will be able to book for their arrival during the day. In that way, the waiting time of
the trucks will be reduced, and it will become possible to optimize the movements of both
the external trucks but also the yard vehicles since their arrival could be anticipated.

Renewable energy sources

e Applicable in PCT (currently no renewable energy sources are used — apart from the planned
construction of a Solar Park). The offshore wind park is not applicable for the port of Piraeus
due to the combination of inadequate space (the Gulf of Saronikos in which the port is
located is very narrow) and lack of high wind velocities. Additionally, the Attica region that
the port of Piraeus is located, is not considered a region with high wind potential (Kabouris
and Hatziargyriou 2006)

o Applicable in the terminals of Livorno (even though TDT sets targets that involve the
decrease of the consumption of non-renewable energy sources, there is no direct plan to
shift to alternative energy sources). In Tuscany, there are plans to harness local renewable
wind sources due to the hilly and Apennine areas with > 6-8 mt/sec. Additionally, Tuscany's
solar average radiation is around 1400-1500 kWh/m2/year.

Green incentives to ships
e Applicable in PCT (no current application of any related policy)
e Applicable in the terminals of Livorno (no current application of any related policy)

4.3.2.6 Application of SPSS to proposed measures

In this subchapter, the proposed measures for the PoFSG for the reduction of the carbon emissions
within the port operations will be scored as to their performance in PPP, based on the SPSS that was
created in Chapter 4.
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4.3.2.6.1 Effects of sustainability measures on sustainability themes

Adaptation of the terminal layout

The adaptation of the terminal layout is considered to have an indirect effect on the air quality since
the layout would be optimized and consequently, the unnecessary routes will be reduced or even
eliminated. Based on the paper of Geerlings and van Duin, published in 2011, this measure is the
most effective for CO2 reduction. Therefore, air quality will be affected positively by this measure.
Additionally, the energy consumption will be also influenced positively in a large extent, especially in
the case that the equipment is powered by electricity. The noise levels are expected to be slightly
reduced since the average distances will be diminished and the routes will be optimized.

The land uses will be possibly affected, in the case that the eventual relocation of activities would
affect the port-city interface. The traffic congestion inside the terminal (and also outside since the
ques could decrease) can be minimized in some level since this measure leads to quicker and more
effective moves within the terminal.

The effects that this measure entails are significant from the point of view of terminal configurations
as well as operational performances (Geerlings and van Duin, 2011). In that sense, the capacity of
the container terminal could be affected either positively or negatively compared to the original
layout. The productivity levels, considering that the adaptation will not be implemented solely for
the CO2 emissions reduction, but it will also aim to an optimization of the terminal operations, is
mostly expected to grow. However, this measure is a very costly option for the reduction of CO2
emissions as explained in by Geerlings and van Duin, 2011.

Replacement of (diesel-powered) terminal equipment

The replacement of diesel-powered terminal equipment to new (more eco-friendly) equipment can
reduce the CO2 emissions up to 20 per cent (Geerlings and van Duin 2011) and consequently, air
quality will be affected positively. The new equipment is expected to lead to significant reductions in
fuel and exhaust, and noise reduction.

For instance, Kalmar reaches stackers, minimise the noise and the fuel consumption from 17% to
100% compared to the most other RTGs.

Additionally, as mentioned in the Kalmar website “the Kalmar Hybrid RTG combines the latest in Li-
ion battery and diesel power-unit technology and requires less maintenance because the power
unit’s running hours are considerably reduced since it is not used to give power to the functions of
the crane, but only to charge the Li-ion battery”.

Konecranes’ customers make statements of up to 40% fuel savings to as high as 60%. These savings
are also realized in both noise and air pollution.

Another example would be the Grid-Powered Electric Transfer Crane, which is estimated to reduce
the cost related to energy as well as the CO2 that is emitted by nearly 90% relatively to the
conventional RTGs (Obata et al. 2010) as it can be also observed in Figure 18.

(’?‘%ﬁp}sggr} Conﬁgrr(n;tional Electric RTG ﬁi‘:ﬁg}?g:r) Conﬁ%’gional Electric RTG
Fuel
: 6,000k¥ COz,
s 90% reduction emission 87% reduction
600kY¥ 22.2ton
- —

Figure 18: Environmental performance of Grid-Powered Electric Transfer Crane (Obata et al. 2010)

As it can be seen, there are plenty of options regarding the choice of the optimal equipment types
for container terminals.

Deltares — TU Delft

65|Page



EXTENSION OF PoFSG

Of course in the case of electrical equipment, the energy consumption is expected to rise.

Newer equipment is related to higher safety levels in the terminal area. The productivity levels of
the terminal are expected to grow with the introduction of new equipment. Comparing the technical
specifications (hoisting speed, trolley speed, gantry speed, safe working load etc.) of the earlier
versions of RTGs with the new electrical or hybrid versions, it is obvious that the new types have an
increased efficiency. In that context, the productivity of the terminal will increase.

The investment cost of the replacement of the diesel-powered equipment is relatively high, but the
reduction of fuel and maintenance costs should be also considered.

Energy recovery from gantry cranes

Based on the research made by (Flynn, Mcmullen, and Solis 2008) regarding the crane operation
with flywheels and the preliminary field tests that were made using an engine of reduced size have
generated fuel savings up to 35% and more. Therefore the emissions output will be decreased and
the air quality will be improved. Additionally, it was mentioned the “peak power demand needed
from the engine extends the engine’s life”; therefore less maintenance will be needed.

Blending biofuels

It has been studied by (Geerlings and van Duin 2011) that “when 30 per cent of the diesel is
composed of blended biofuel, then the CO2 levels by using diesel are also 30 per cent lower per litre
of fuel consumed”. The air quality will be positively affected.

The use of biodiesel can boost the economy by creating jobs in the production procedure.

The concept of the circular economy can be introduced through this measure since the biodiesel is a
renewable fuel derived from biomass including vegetable oils, animal fats, or waste grease (used
cooking oil). However, biodiesel is more expensive than petroleum(Smith and Murray 2014).

Vehicle management system

The optimization of the vehicle/truck movements in the terminal can reduce the emissions from
non-necessary movements and improve the air quality. This latter described plan refers to the
internal vehicles. Vehicle tracking management, through the creation of a clear schedule based on
which the truck arrival could be anticipated in specific time slots, could contribute to the
improvement of air quality and a decrease of traffic congestion. The decrease in traffic congestion
will reduce the noise levels. The productivity of the container terminal could increase since the
exact operations that need to be carried can be planned in advance and optimised.

Renewable energy sources

A method to reduce CO2 emissions while energy is generated is by co-firing biomass. The co-fired
biomass in coal-fired power stations most of the times is made of wood chips, however also other
types of materials can also be consisted, for instance materials from the bio-based chemical industry.

The renewable energy sources can improve the air quality to a significant extent since the energy
produced will replace the use of electrical energy produced in power plants based on coal. Therefore,
the energy consumption will decrease. In the case of wind turbines, the noise levels will rise in the
case that specifically the wind turbines are located close to residential areas within one mile of the
blades. This effect will be considered negligible.

The employment opportunities will increase, both under the short-term construction phase, but
also during the operation period in which new job positions for the operation and the maintenance
of the energy sources will be performed. The land use changes will be apparent within the
construction of a wind farm or a solar park. Additionally, the aesthetics of the port can possibly be
affected adversely, but this is also dependent on the exact location of the site. The concept of
circular economy is directly related to the creation and use of renewable sources.
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Green incentives to ships

Through the introduction of green incentives to ships, the pollutant emissions related to shipping
will be decreased and consequently, the air quality will be improved. Additionally, the energy
consumption may rise due to eventual application of cold-ironing.

43.2.6.2 Preliminary author's scoring
Based on the discussion on the previous chapter and on the critical knowledge of the author, the
proposed sustainability measures regarding the reduction of carbon emissions were scored
preliminarily as follows in Figure 19.

Overview of carbon emissions reduction measures' PPP
performance

Air quality

—— Adaptation of the terminal layout
Circular economy 54— —_Sea water quality

Expandability Water consumption

——Replacement of (diesel-powered)

. . . . . terminal equipment

Terminal potential £ .Sediment/soil quality
[ AN ——Blending biofuels

.' ~\ Noise

Personnel training
=—\/ehicle management system

Productivity /7 Energy consumption
\ o /o Renewable energy sources
mtermoda\'\ty. : Employm.e.nt . . .
g opportunities ——Green incentives to ships
Traffic congestion ~_“safety levels
Stakehalders.. | Land use changes Energy recovery from gantry cranes

involvement e
Recreation and

aesthetics

Figure 19: Overview of the sustainability performance of the proposed measures regarding the reduction of carbon
emissions

4.3.2.6.3 Final calibrated scores based on expert knowledge
The scores that were assigned by the author could not be considered adequate for the derivation of
the scores. Therefore, experts contributed to the formulation of the final scores. The experts filled
out in an excel table that is presented in Appendix L . The results of the average scores that were
given by the experts, multiplied with the weight factor for each sustainability theme, are presented
in the following table (Table 16). By including the weights for each theme in the final score the
objective contribution to PPP can be presented.
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Table 16: Final scores for the performance of sustainability measures on PPP (carbon emission reduction measures)

Proposed measures to reduce carbon emissions
Sustainability themes Blending biofuels :;;LT?::‘::: Energy recovery Vehicle Ada!:taﬁon of Renewable energy | Green incentives to
) . from gantry cranes g t syst terminal layout spurces
terminal equipment

Air quality 3,50 3,25 215 250 2,50 4,15 275

Sea water quality 0,25 0,25 0,00 0,00 0,00 0,25 0,50

o Water consumption 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Sediment/soil quality 0,00 0,75 0,00 0,25 0,00 0,00 0,50

Noise 0,00 1,75 0,00 175 1,67 0,00 0,75

Energy consumption 0,50 1,75 1,75 1,25 1,25 0,75 0,00
Planet score e o3l o2 o[ o3l 036 s 0,35)
Employment opportunities 1,50 0,75 0,50 0,50 0,00 2,75 0,25
Safetylevels 0,00 0,75 -0,25 0,75 0,25 0,00 0,25

People Land use changes 0,25 0,25 0,00 0,00 0,25 -2,00 0,00
Recreation and aesthetics -0,50 0,25 0,00 0,00 0,25 -1,75 0,00
Stakeholders involvement 0,50 0,50 0,00 0,25 0,25 0,50 1,50
Trafficcongestion 0,00 0,00 0,00 3,00 2,25 0,00 0,00

People score B 0,110 o3[ o[l 0270 0,140 0,08 0,10
Intermodality 0,50 0,00 0,50 0,75 0,75 0,00 0,00
Productivity 0,50 0,75 0,00 2,00 2,00 0,25 0,00

Profit Personnel training 0,00 0,75 0,75 0,50 0,50 0,50 0,75
Terminal potential 0,00 0,25 0,25 0,50 0,75 0,50 -0,25
Expandability 0,25 0,00 0,25 0,00 1,00 0,25 0,50
Circular economy 2,50 0,25 0,50 0,75 0,00 2,25 0,25
Profit score [ o, 0,07[F 0,100 022 0,24 007 0,05)

4.3.2.6.4 Additional info on the proposed measures

As can be seen in the table presented in Appendix L, the experts were asked to assess the relative
cost of the proposed sustainability measures, along with the payback period. It should be
mentioned that this was a rough approach just to have an initial indication of the cost. The cost had
to be rated from 0 to +5 and the payback period had the following scale:

e Lessthan 5 years

e Between 5 and 10 years

e More than 10 years

The results that derived from the answers of 3 experts (Prof. Vellinga from TU Delft, Dr. Taneja from
TU Delft and Ir. De Wit from PoR):
Blending biofuels: Cost: 2
Payback period: most common: Less than 5 years
Replacement of terminal equipment:  Cost: 2
Payback period: most common: Between 5 and 10 years
Likelihood of success: most common: Likely
Energy recovery from gantry cranes: Cost: 2.5
Payback period: most common: Between 5 and 10 years
Likelihood of success: most common: Likely
Vehicle management system: Cost: 1.5
Payback period: most common: Less than 5 years
Likelihood of success: most common: About as likely as not
Adaptation of terminal layout: Cost: 3.5
Payback period: most common: Between 5 and 10 years
Likelihood of success: most common: About as likely as not
Renewable energy sources: Cost: 2
Payback period: most common: Between 5 and 10 years
Likelihood of success: most common: Likely
Green incentives to ships: Cost: 1.5
Payback period: most common: Between 5 and 10 years
Likelihood of success: most common: Likely
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This method was used to roughly approach the cost of the proposed sustainability measures and is
aiming in estimating the initial costs of the measures. The intention is to later on apply it to the
PoFSG to interpolate them with the existing costs of the measures.

Based on the resulting sustainability measures and the recommendations for the PoFSG that are
illustrated in the next chapter, the new measure cards that are proposed to replace the existing ones
are presented in Chapter 4.4.

4.3.3 Safety levels - Climate change protection and adaptation

Based on the results of the questionnaire, the “safety levels” sustainability theme was of the highest
importance among the presented themes. By the social sustainability theme “safety levels”, the
proactive prevention of accidents and other direct human health risks of all port-related activities
are included. This term has a wide and general meaning and includes all the possible human health
risks that could be expected in a port. “Since ports are exposed to the risk of the impacts of climate
variability and change” (UNCTAD, 2017a), it is clear that they should be considered as well.

4.3.3.1 Current state of the ports

The information collected through the application of the Port Sustainability Assessment Framework
(PSAF) for relevant themes of Air quality and Energy consumption are extensively presented in the
Appendix H (H2.2).

In this subchapter, a brief analysis of the information will be illustrated, contributing, thought the
identification of the weaknesses and the strengths of the terminals, to the introduction of measures
that would be needed for those specific terminal case studies.

Climate change adaptation strategies are not well-thought out in the ports of Piraeus and Livorno
and subsequently, they are not taken into account in the Master Plans of the ports.

4.3.3.2 Redefinition of operational objectives
The operational objective regarding climate change was defined as:

e “Climate change adaptation should play an inseparable role in the development strategies"

This operational objective will be further investigated and more detailed targets will be specified to
increase the resilience of ports to a changing climate.

Based on the analysis that was performed and is presented in the Appendix A (A9., the updated and
the more detailed operational objective is presented below:

“Climate change adaptation should initially be approached by the identification of potential
vulnerabilities of the port deriving from the constant guidance and control on how climate change
will affect the port services. Then, the concept of Adaptive Port Planning should follow,
incorporating uncertainty and flexibility considerations in the decision making, design and planning
process. Choices should be made among "low-regret" options, "win-win" options, flexible options,
the inclusion of “safety margins", soft adaptation strategies, reduction of decision time-scales etc.
Overall, climate change should be embedded in operational planning, instead of just being
incorporated into emergency preparedness."

4.3.3.3 PoFSG and climate change - suggestions
The Port of the Future Serious Game is explained in Appendix A .

Currently, climate change adaptation measures are not directly included in the game, however,
several measures are proposed in the category "coastal protection" that are considered relevant.
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The measures that can be considered relevant to the climate change impacts are presented below
along with the category in which they belong:

e Additional Safety rules — Governance measures

e  Qyster breakwater - Navigation measures

e Storm surge barrier: movable — Navigation measures

o Heightening quays — Coastal protection measures

e Hard structures — Coastal protection measures

During the PoFSG different scenarios are introduces to explore the potential impacts and to
generate a discussion and negotiation between the stakeholders/players (Liagkouras et al. 2015).
One of the scenarios that are introduced is the climate change scenario. The groups of fictional
“stakeholders” or actual stakeholders are called to take this situation into account and try to find the
best combination of flood defense measures and other measures for improving the performance of
PPP.

Suggestions are made regarding the involvement of climate change in the PoFSG. They are
presented below.

Climate change adaptation measures/strategies

The study regarding climate change protection and adaptation, in combination with the description
of the measures and scenario related to climate change that exist in the PoFSG, give the space for
suggestions to increase the game’s involvement with climate change adaptation strategies.

Therefore, it is suggested that relevant measures should be considered to make the game more
dedicated to climate change. The measures should be distributed in various categories so that the
stakeholders would not choose solely from one category called for example "Climate change
adaptation", since this would limit the understanding of the actual choice of a specific measure and
they might choose a measure just because its relation to climate change is indicated.

The proposed measures are discussed in the next sub-chapter.

Uncertainty
Additionally, the uncertainties and the challenges of the climate change adaptation measures should

be considered in the game. As Becker et al. 2013 mentioned, “at present, it remains unclear what
adaptation strategies should be undertaken for different types of ports and on what timeline”.
Furthermore, the planners and have not incorporated yet uncertainty in their way of thought and do
not apprehend that flexible designs allow the evolution of various paths (P Taneja, Ligteringen, and
Walker 2012).

Therefore, it would be beneficial if the PoFSG could be used to trigger the stakeholders
understanding of the complexity and the uncertainty that is enclosed in the climate change
adaptation decision making. On the other hand, the results of the game should be recorded in order
to obtain the statistical results of the choices that have been made among the stakeholders as well
as the argumentation, so that the preferences would be revealed between the choice of hard and
soft measures.

A likelihood of success will be assigned for each proposed measure. This will be approached in a
rough manner, initially, due to limited time, proposing however to be a topic for further study. The
uncertainty encompassed in each proposed strategy will be determined by experts.

The probability bins among which the experts would have to choose will be three and are taken from
the European Climate Change Adaptation Platform.

o Likely: 66 - 100% probability

e About as likely as not: 33 - 66% probability

o Unlikely: 33% probability
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4.3.3.4 Climate change protection and adaptation measures for the PoFSG
The climate change adaptation measures are divided into two main categories: Hard strategies and
soft strategies.

The hard interventions entail large investments, while soft interventions are the ones which reduce
the uncertainty levels that are encompassed during the decision making, through governance and
management strategies (Becker et al. 2013).

Under those two categories, there are three potential strategies: protect, accommodate, and retreat.
Based on Mills-Knapp et al., 2011, “the three protection strategies mentioned above, encompass a
broad range of interventions designed to hold back seawater from inundating development,
including sea walls, development of manmade topographical features to prevent erosion, and
integrated pump systems. Accommodation strategies allow some inundation to occur, but protect
infrastructure from damage and continually maintain operations and resiliency of infrastructure.
Retreat, often the last resort, entails the managed withdrawal from coastal areas where neither
protection nor accommodation is possible”.

The following measures are proposed, that are considered to increase the sustainability of ports. The
main literature sources that used are Mills-Knapp et al., 2011, Scott, National Climate Change
Adaptation Research Facility (Australia), and RMIT University, 2013, Mol 2017, and A. K. Y. Ng et al.
2013. The measures are presented along with the categories that currently exist in the PoFSG in
which they could be incorporated. Most of the proposed sustainability measures belong to more
than one category, therefore they are catalogued according to the most prominent and important
category based on the author. An attempt was made to cluster the measures that involved similar
actions into single categories.

Enhanced drainage system (Urban measure)

This measure is applied to reduce storm-water runoff, and consequently, the collected rainwater
could be reused. Sumps and catchment systems are useful in gathering the rainwater that cannot be
absorbed. Pumps are used in order to take out the storm water from the above-mentioned systems.
On the other hand, the pumps require energy to operate and continuous maintenance (Mills-Knapp
et al., 2011).

Enhanced maintenance and upgrading of infrastructures (Coastal protection measure)

This category includes maintenance and boost of the already existent infrastructures that were not
originally designed to be resistant to extreme events. It could be achieved by reinforced rock walls
that resist stronger and higher surges, enhanced materials to withstand corrosion caused by storm
surges and high precipitation(Mills-Knapp et al., 2011).

Cargo handling organizational modifications (Governance measures)

This category of measures includes modifications on cargo handling activities for the enhancement
of the functionality of ports under severe weather conditions. Some measures could be: reducing
stacking height of containers to decrease the risks of extreme wind speed effects, use of equipment
with a high loading efficiency to decrease the 'uptime' needed, use of active mooring systems where
wave conditions could be severe(Scott, National Climate Change Adaptation Research Facility
(Australia), and RMIT University, 2013) and(Mol 2017).

Relocation of activities(Governance measure)

This measure refers aims to limit the risk of damage in case of flooding of quay walls and increasing
the safety levels during terminal operations. The repositioning of infrastructure involves storing the
hazardous and dangerous goods to areas protected the potential surge, the subdivision of the
various quay areas using safety rings so that the impacts could be limited etc.(A. K. Y. Ng et al. 2013)
However, this could impede the efficient exploitation of the terminal area and possibly decrease the
available space. (A. K. Y. Ng et al. 2013)
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Emergency response plans (Governance measure)

The emergency response plans involve the adoption of risk mitigation plans and evacuation plans in
the case of major and extensive accidents. These strategies should be combined with supplementary
measures that are selected to mitigate the risks in the first place.

The measure “Dredging” that already exists in the PoFSG, should also be taking into account more
constant extreme wave conditions that will change the sedimentation patterns in the port basin.

4.3.3.5 Applicability of the proposed measures to the two ports case studies

Based on the chapter illustrating the information derived from the implementation of the
framework to the two ports case studies and the measures that are proposed, it becomes evident
that most of the measures presented above could be applicable to the two port case studies, and
reflect on the achievement of the operational objectives.

Since no one of the ports case studies is including strategies and considerations regarding climate
change adaptation, it can be concluded that all the proposed measures can be considered relevant
to the port of Piraeus and Livorno.

4.3.3.6 Application of SPSS on proposed measures

4.3.3.6.1 Effects of the sustainable measures to the sustainability themes

Enhanced drainage system

Through this measure, the safety levels are expected to increase since the stormwater runoff will be
reduced and the risks of flooding will be decreased. The rainwater captured in the sumps and the
catchment systems could be reused for various port operations and this would decrease the water
consumption. On the other hand, the pumps need additional energy consumption to operate (Mills-
Knapp et al., 2011). The existence of sumps and catchment systems would decrease the amount of
the run-off that will result in the sea water body and in that way the seawater quality could be
improved. In that, the effect that the extreme precipitation events could have in the operation and
productivity of the terminal could be increased.

The costs for the creation of an enhanced draining system are not very high and a compensation is
expected from the damages that will be avoided through the implementation of such a measure. On
the other hand, the pumps would require continuous maintenance(Mills-Knapp et al., 2011).

Enhanced maintenance and upgrade of infrastructures

Through this measure, the safety levels in the port operations are expected to increase. Since this
category of measures includes reinforced rock walls and the use of more resistant materials, it is
possible that it could decrease the aesthetics of the area and possibly limit the existence of
recreational activities.

This strategy requires a low capital investment and resilience benefits are created directly.(Mills-
Knapp et al.,, 2011). However, those measures do not refer to long-term planning strategies
(especially as far as climate change is concerned) (Mills-Knapp et al., 2011).

Cargo handling organizational modifications

Through this category of policy strategies, the safety levels in the port operations are expected to
increase. The effects of the measures will be the reduction of the impacts that extreme wind speeds
could have in port operations, the reduction of the total 'uptime’' that is needed in a port for its
activities, the reduction of downtime because of flooding of quay walls and the reduction of dwell
time in the port. Based on this, it is evident that the efficiency of the port operations during extreme
events could be increased. On the other hand, decreasing the stacking height of the container
terminals implies the need of more space to maintain equal productivity levels so the terminal
potential is expected to decrease (Scott, National Climate Change Adaptation Research Facility
(Australia), and RMIT University, 2013) and(Mol 2017).
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This category of policy strategies is expected, with a relatively low capital investment to increase
the productivity of the port under extreme weather conditions.

Relocation of specific activities

Through this measure, the safety levels in the port operations are expected to increase. The
relocation of critical infrastructure and the subdivision of quay areas will limit the impacts to a
merely local level and the damages will decrease. However, this measure could impede the efficient
utilization of the terminal area and possibly decrease its capacity(A. K. Y. Ng et al. 2013)

Emergency response plans

Through these policy measures, the safety levels will indefinitely increase, since there will be
evacuation plans in the case of major accidents (flooding, fire, extreme weather events etc.) and risk
mitigation plans (for instance, collaborating with weather stations to be informed in advance
regarding extreme weather events). The emergency response plans can only be adopted through
personnel training.

The capital investment is almost non-existent but it should be clear that these policies should be
combined with supplementary measures that are selected to mitigate the risks in the first place.

Dredging
More constant extreme wave events possibly mean change in the sedimentation patterns in the port
basin.

4.3.3.6.2 Preliminary author's scoring
Based on the discussion on the previous chapter and on the critical knowledge of the author, the
proposed sustainability measures regarding the reduction of carbon emissions were scored
preliminarily as follows in the

Overview of climate change adaptation measures' PPP
performance
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Figure 20: Overview of the sustainability performance of the proposed measures regarding climate change adaptability

4.3.3.6.3 Final calibrated scores based on expert knowledge
The scores that were assigned by the author could not be considered adequate for the derivation of
the scores. Therefore, experts contributed to the formulation of the final scores. The experts filled
out in an excel table that is presented in Appendix L . The results of the average scores that were
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given by the experts are presented in the following table (Table 17). By including the weights for
each theme in the final score the objective contribution to PPP can be presented.

Table 17: Final scores for the performance of sustainability measures on PPP (climate change adaptation measures)

P d climate change lon In relation to port safety
Enhanced ErmET T Relocation of
Sustalnabllity themes Enh: d dral i and specific activities (Emergency response
system upgrading of organlzational | e limits of plans Dcd e
modifications
Infrastructures the existing port
Alr quality -0,50 0,00 0,00 0,00 0,00 -1,00 0,00
Seawater quallity 0,00 -0,50 0,00 0,00 0,00 -1,00 0,50
Planet Water consumption 1,75 0,00 0,00 0,00 0,00 0,00 0,00
Sediment/soll quality 0,00 -0,50 0,00 -0,50 0,00 -1,25 1,00
Nolse 0,00 0,00 0,00 -0,50 0,00 -0,50 0,00
Energy consumption -1,00 0,00 -0,50 -0,50 0,00 -2,00 -0,50
Planet score 001 0,00 0,00[ 0,00[ 0,00 0,00[ 0,00|
Employment opportunities 0,00 0,50 1,50 1,00 1,00 1,50 1,00
Safety levels 1,25 2,50 1,75 3,25 3,25, 2,00 3,50
People Land use changes -0,50 2,00 0,00 -1,50 0,00 -2,00 1,00
Recreation and aesthetics 0,00 -0,25 0,00 0,00 0,00 -1,00 -0,50
Stakeholders Involvement 0,50 0,50 0,50 0,50 1,50 -1,00 0,50
Traffic congestion 0,00 0,00 2,00 1,50 0,00 0,00 -0,50
People score E o,12[l E 040l o2l 0,28 o,15[l 04]
Intermodality 0,00 1,00 2,00 1,50 0,00 1,00 1,00
Productivity 1,25 1,00 1,00 0,33 0,50 1,00 1,25
Profit Personnel tralning 0,00 -0,50 2,00 1,00 1,50 2,00 0,00
Terminal potertial 0,00 0,00 -0,25 -1,00 0,00 2,25 1,00
Expandabllity 1,50 1,00 0,00 0,00 0,00 1,25 0,50
Clreul ar economy 2,00 0,00 0,00 0,00 0,00 0,00 0,00
Profitscore | 021 o130 0230 o0,10[0 0,09 0340 0,14]

4.3.3.6.4 Additional info on the proposed measures from experts
As can be seen in the table presented in Appendix L, the experts were asked to assess the relative
cost of the proposed sustainability measures, along with the payback period. It should be
mentioned that this was a rough approach just to have an initial indication of the cost. The cost had
to be rated from 0 to +5 and the payback period had the following scale:

e Lessthan 5 years
e Between 5 and 10 years
e More than 10 years

The answers of the 3 experts (Prof. Vellinga from TU Delft, DrTaneja from TU Delft and Ir. De Wit
from PoR) are presented below:

Enhanced drainage system: Cost: 1.5
Payback period: most common: More than 10 years
Enhanced maintenance of infrastructures: Cost: 2.5
Payback period: most common: Between 5 and 10
years

Cargo handling organizational modifications:  Cost: 2
Payback period: most common: Between 5 and 10

years
Relocation of specific activities: Cost:4

Payback period: most common: More than 10 years
Emergency response plans: Cost: 1.5

Payback period: most common: Less than 5 years
Dredging: Cost: 3.5

Payback period: most common: Between 5 and 10

years
Heightening quays: Cost: 5

Payback period: most common: More than 10 years

Deltares — TU Delft

74| Page



EXTENSION OF PoFSG

As mentioned before, this method is used to roughly approach the cost of the proposed
sustainability measures and is aiming in estimating the initial costs of the measures. The intention is
to later on apply it to the PoFSG to interpolate them with the existing costs of the measures.

Additionally, as can be seen in the table presented in Appendix L, the experts were asked to assess
the likelihood of success of the proposed sustainability measures. This attempt was made to
somehow introduce in the PoFSG the possibility that some measures are encompassed with a level
of uncertainty as to if they will provide the desired results.

Until this point, it was possible to retrieve only three answers from experts (Prof. Vellinga from TU
Delft, Dr Taneja from TU Delft and Ir. De Wit from PoR) which were asked to rate the likelihood of
success based on the following scale.

o Likely: 66 - 100% probability
e About as likely as not: 33 - 66% probability
e Unlikely: 33% probability

The answers to the likelihood of success of the climate change adaptation measures are presented:

Enhanced drainage system: most common: Likely
Enhanced maintenance of infrastructures: most common: Likely
Cargo handling organizational modifications: = most common: Likely
Relocation of specific activities: most common: Likely
Emergency response plans: most common: Likely
Dredging: most common: about as likely as not
Heightening quays: most common: Likely

The experts assigned the rate of success of the measures based on the case that the climate impacts
do appear. Therefore, it is understood that this approach could not contribute effectively into
triggering the stakeholders understanding of the complexity and the uncertainty that is enclosed in
the climate change adaptation decision making.

Based on the resulting sustainability measures and the recommendations for the PoFSG that are
illustrated in the next chapter, the new measure cards that are proposed to replace the existing ones
are presented in Chapter 4.4.

4.4 Recommendations for the PoFSG
In this section, modifications and alterations recommended for the PoFSG are presented based on
the main aims of the game and its current weaknesses.

Performed Research Steps to answer
Research sub Question #5 :

» Develop techniques to improve the disadvantages or the gaps that exist in the PoFSG
» Suggest additional modifications

As explained in Appendix A , the PoFSG’s main aim is raising awareness regarding the decision
making challenges that exist in ports, and lead the stakeholders to plan based on sustainable
development. Additionally, the PoFSG is used as a tool to educate the players regarding sustainable
development. Last but not least, the game is meant to facilitate stakeholder involvement and
produce fruitful debates among the players (stakeholders).

Therefore, the PoFSG’s structure should be facilitating the stakeholder involvement and the range of
subjects that it covers (sustainable development, ecosystem knowledge, socio-economic
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development etc.) should be expressed adequately and realistically through measures and scenarios.
Furthermore, the game should be adaptable to various categories of stakeholders and provide
incentives for the creation of debates among them which could contribute to forming and atering
their mind-set and notions regarding port sustainable development.

Based on the above-mentioned requirements of the PoFSG and the weaknesses that have been
explored in Chapter 4, a list of recommendations for the improvement of the current edition of the
PoFSG is presented.

Initially, the weaknesses of the PoFSG that are elaborated in Chapter 4 are presented:

PPP scoring is not solid and needs to be evaluated

The players neglected the qualitative effect of each measure and focused on the scoring

The game needs to become more realistic and plausible/acceptable

The list of measures that are involved in the game is too long

The port that is developed is fictional and does not have any specific characteristic

Climate change adaptation strategies are not actively included

The uncertainties/likelihood of success and the challenges of the measures are not included
The results of the game are not recorded

There is no indication of how sustainable the port “becomes” when the players select a set
of measures

WoNOURWN P

The modifications/solutions proposed to improve the gaps that exist and confront those weaknesses
are presented below.

1. The Sustainability Performance Scoring System (SPSS) developed in this thesis study in Chapter 4
can be used as a new tool for scoring the measures of the PoFSG. Its applicability is tested in the
same chapter and it is proven that it is beneficial to the game.

2. In order to urge the players not to neglect the qualitative effect of each measure and to focus less
on the quantitative scoring of the measures, it is proposed to modify the method for presentation of
the measures’ performance in PPP on the measure cards. It is suggested to present the PPP
performance of each measure card with colour intensity scale so that it will be avoided that
players emphasize on the values while neglecting the actual meaning and impact of the port
development measures.

3. The need for the game to become more realistic is approached in the context of this thesis study
in several manners.

Initially, the sustainable measures that are proposed to be included in the PoFSG are focusing on
the two most crucial sustainable themes, which were objectively chosen based on the perceptions
of the stakeholders. In other words, through the introduction of measures that the stakeholders of
the ports find the most important the stakeholder inclusion will be facilitated and the game will
become more dedicated. Additionally, through the application of the PSAF in the two container
terminal case studies — Piraeus and Livorno- a thorough understanding is gained as to their
sustainable performance. The results are used to check if the proposed sustainable measures are
applicable in the two port case studies. In that manner, it can be ensured that irrelevant and non-
realistic measures would not be introduced in the PoFSG.

In addition, the questionnaire created in this thesis and presented in Chapter 3 can be handed in to
the stakeholders before visiting a port or a local community in order to play the PoFSG. The aim
would be the assessment of the significance weights for each sustainability theme according to the
views of the local stakeholders. Therefore, the resulting scores of the measures that exist in the
game as well as the final sustainability level of the port that would result from the selection of a set
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of measures would be adapted to their perceptions. In conclusion, the game could be tailor-made
for each port-city community.

4. The fact that a large amount of measures exist in the game and create confusion to the players
has been taken into account during the selection of the proposed sustainability measures. An
attempt is made to cluster the new measures which had a similar character and served the same
purpose.

5. Another weakness of the PoFSG is that even though the main concept is based on applications of
measures to a fictional port that does not have any specific characteristic, in order to develop
knowledge that could be generally applicable, this seems to obstruct the players to take informed
decisions about the port. To counterbalance this weakness and at the same time preserve the
general character of the port, it could be attempted to introduce a list of port characteristics that
would be changing in each game. For instance it would be useful to provide information on the:
existence of natural preservation areas, distance from the city, stakeholder perceptions (perhaps
they would be very resistant to changes, or be cooperative, perhaps the majority have a specific
interest etc.), intermodal connections, main activities of port, potential growth of cargo etc. In that
manner the motivation of selection of the measures would be more solid.

6. As mentioned in Chapter 4 the involvement of climate change adaptation measures is not
thorough in the PoFSG. For that reason, additional climate change adaptation measures have been
introduced. The measures are distributed in various categories so that the stakeholders would not
choose solely from one category called for example "Climate change adaptation" since this would
limit the understanding of the actual choice of a specific measure and they might choose a measure
just because its relation to climate change is indicated. It would be beneficial if the PoFSG could be
used to trigger the stakeholders understanding of the complexity and the uncertainty that is
enclosed in the climate change adaptation decision making. The sustainability measures aiming to
the reduction of carbon emissions are illustrated, described and scored in the Section 4.3.2 and the
climate change adaptation measures in the Section 4.3.3.

The sustainability measures are presented below, namely:

Carbon emissions reduction measures:
e Adaptation of the terminal layout (Infrastructure measure)
e Replacement of (diesel-powered) terminal equipment

Energy recovery from gantry cranes

Green incentives to ships

e Vehicle management system

e Renewable energy sources

e Blending biofuels

Climate change adaptation measures:
e Enhanced drainage system
e Enhanced maintenance and upgrading of infrastructures
e Cargo handling organizational modifications
e Relocation of activities
e Emergency response plans

7. The uncertainties and the challenges of the measures can be included in the game through a level
of likelihood of success that can be assigned to the measures. The uncertainty encompassed in each
proposed strategy is determined by experts. The probability bins among which the experts would
have to choose will be three and are taken from the European Climate Change Adaptation Platform.
o Likely: 66 - 100% probability
e About as likely as not: 33 - 66% probability
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o Unlikely: 33% probability

8. It is also suggested to record the results of the PoFSG. More specifically, the importance of
keeping track of the chosen measures is relatively low, compared to the significance of recording the
argumentation of the stakeholders’ and their way of thought while choosing them. In that manner,
the perceptions of the stakeholders will be recorded, something that could be used as a
predisposition tool for the inclusion of the stakeholders during the planning and designing phase.
Moreover, the efficiency of the game can be tested when keeping track of the results through the
comparison of the mind-sets that existed in the first round and in the last. More specifically, for the
climate change scenario, it would be beneficial to obtain the statistical results of the choices that
have been made as well as the argumentation, so that the preferences would be revealed between
the choice of hard and soft measures.

9. It would be important at the end of the game for the stakeholders to visualize how sustainable is
the port they are developing or in other words what is the level of sustainability that encompasses
their decision-making mentality. The above suggestion can be implemented via the weight factors
for each sustainable theme that have been calculated in Chapter 3.3. At the end of the game, when a
set of measures is selected, a percentage of sustainable performance of the specific set can be
presented.

Based on all the recommendations that have been illustrated in the previous paragraphs, the new
proposed measure cards for the PoFSG that are meant to replace the existing are presented in the
next page (Figure 21). It should be pointed out that the two examples presented demonstrate the
two highest related sustainability measures among the two categories of measures (carbon emission
reduction and climate change adaptation) introduced in this thesis study.
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Figure 21: Modified measure cards for the PoFSG
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5 CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction

The two problems that have been addressed in this thesis are the gaps and barriers that impede the
Mediterranean container ports’ sustainable development and the need to extend the PoFSG in order
to include in a representative way port-city future developments and quantified impacts on the
environment and society.

In this thesis project, it is proposed to solve these problems through:
» The creation of a framework for the objective assessment of the sustainability container
terminals (PSAF);
» Proposing recommendations for the improvement of the PoFSG to make it more dedicated
and realistic.

5.2 Answers to Research Questions

The two main Objectives of this thesis project are expressed with two Main Research Questions. To
obtain answers to these Main Research Questions, seven Research sub-Questions are also answered
and they are briefly presented as follows.

#1 What research method can be followed to systematically and objectively assess the
sustainability of a container terminal?

» The direct answer to the #1 Research Sub Question is: Through the creation of a solid
framework based on the Systematic Frame of Reference developed by van Koningsveld
2003, the desired state of a port can be compared with the current state. Consequently the
sustainability can be assessed.

This Research sub question serves in answering the First Main Research Question.

The answer to this Research sub Question is given through Chapter 2.

The contribution of the #1 Research sub Question to the First Main Research Question is
achieved by the creation of a framework to assess the sustainability levels of container
terminals (PSAF).

YV V VY

The answer to the #1 Research Sub Question into more detail:

The selected method to systematically assess the sustainability of container terminals is the Port
Sustainability Assessment Framework (PSAF), a framework created by the author based on the
Systematic Frame of Reference developed by van Koningsveld 2003 (Section 2.2). Through the PSAF
that is explained in detail in Section 2.2.1, the identification of the strategical and operational
objectives related to port sustainable development permits to define desired state of a port and
compare with the current condition. The methodology followed permits:

e The identification of the potential stresses that container terminals create and therefore the
identification of the most important sustainability themes (Section 2.1)

e The definition of the elements of the framework (PSAF) (Section 2.2.2)

e The formulation of the operational objectives (desired state) of the ports (Section 2.2.2)

e The definition of the current state of the port

e The comparison of current and desired state

#2 What sustainability level is achieved by the container terminals of Piraeus and Livorno?

» The direct answer to the #2 Research Sub Question is: Applying the PSAF to the container
terminals of Piraeus and Livorno, it is assessed that the sustainability levels of the terminals
are relatively low. It can be concluded that the concept of sustainability is not actively
incorporated in the decision making.

» This Research Sub question serves in answering the First Main research Question.

Deltares — TU Delft

79| Page



CONCLUSIONS AND RECOMMENDATIONS

» The answer to this research sub-question is given through Chapter 2

» The contribution of the #2 Research Sub Question to the First Main Research Question is
accomplished through the application of the PSAF in the container terminals of Piraeus and
Livorno so that the sustainability levels of the ports can be assessed and the framework’s
applicability can be tested.

The answer to the #2 Research Sub Question into more detail:

The PSAF is applied to two container terminals’ case studies, Piraeus and Livorno (Section 2.3) and
the achievement of the operational objectives from the two container terminals’ case studies is
tested. In other words, the current state is compared with the desired state. The results of the
comparison are expressed as a percentage of achievement for each terminal of the operational
objectives that are set. The resulting sustainability level of the ports and the main conclusions are
presented below:

e More than 30% of the required data for the operational objectives was not possible to
be retrieved from online sources, interviews or questionnaires.

e Approximately 50% of the operational objectives for which there was available
information were achieved by the container terminals

e Retrieving information from contact with port authorities and terminals was in some
cases hard since there was strong unwillingness to share some data, especially the
environmental data.

e Almost all terminal operators provided nearly all the information that was requested.

e Real and systematic environmental monitoring is not carried out in any of the ports or
the container terminals.

#3 How can the perceptions of stakeholders be included in the sustainable development of a
container terminal?

> The direct answer to the #3 Research Sub Question is: By means of a dedicated
questionnaire.

» This Research Sub question serves in answering both the First and the Second Main
Research Question.

> The answer to this research sub-question is given through Chapter 3.

> The contribution of the #3 Research Sub Question to the First Main Research Question is
achieved by the stakeholder’s prioritization of each sustainability theme so that the
assessment of the ports’ sustainability can be carried out objectively.

> The contribution of the #3 Research Sub Question to the Second Main Research Question
is achieved through stakeholder perception analysis which clarifies the stakeholder’s
priorities that can be incorporated in the game (in the form of sustainability measures) to
make it more dedicated and for facilitation of stakeholder engagement.

The answer to the #3 Research Sub Question into more detail:

The elicitation of the stakeholders' perceptions of the port sustainability has been approached by
means of a questionnaire which is presented in Section 3.1. Through it, people’s perceptions are
elicited on the comparative importance of the various sustainability themes, on their level of
ecocentrism and anthropocentrism, on their views of port sustainable development, on their
personal opinions regarding the port and container terminal, on their desire for involvement in the
decision making.

The priorities that the stakeholders give to the PPP factors and among the sustainability themes are
used to objectively approach the sustainability of the ports so that the stakeholder involvement can
be facilitated.
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#4 What method could be used to determine weight factors for the purpose of ranking the
sustainability themes and which are the most important themes?

» The direct answer to the #4 Research Sub Question is: By incorporating the Analytical
Hierarchy Process (AHP) to the Questionnaires the weight factors are generated. The
resulting most important themes to the stakeholders are “Air Quality” and “Safety levels”.

» This Research Sub question serves in answering the First and Second Main research
Question.

» The answer to this research sub-question is given through Chapter 3

» The contribution of the #4 Research Sub Question to the First Main Research Question is
achieved by the importance weight factors that are assigned for each sustainability theme so
that the assessment of the ports’ sustainability can be carried out objectively.

» The contribution of the #4 Research Sub Question to the Second Main Research Question
is achieved through the production of the weight factors that serve as a tool for the
development of the sustainable performance scoring system used for scoring PPP
performance of the measures in PoFSG.

The answer to the #4 Research Sub Question into more detail:

In the context of the questionnaire (made in excel) for the collection of the stakeholder’s
perceptions, the Analytical Hierarchy Process (AHP) was incorporated to calculate the weight
factors for the sustainability themes. Through the AHP, the pair-wise comparison was conducted
from the stakeholders filling in the questionnaire for the sustainability themes. The weights of the
environment class, the societal class and the economy class are calculate as well as the weights of
the six sustainability themes for each of the above classes are calculated.

The most important sustainability themes based on the stakeholders’ views are “Air Quality” and
“Safety level” whereas the least priority is given to “Stakeholder involvement” and “Recreation and
Aesthetics”.

#5 What aspects of the PoFSG need to be improved and in what way?

> The direct answer to the #5 Research Sub Question is: Several aspects of the PoFSG need to
be extended (scoring system, facilitating the stakeholder participation, climate change
measures etc.). Concrete proposals are made for the aforementioned weaknesses, while
more general recommendations are made for other drawbacks that are identified.

> This Research Sub question serves in answering the Second Main research Question.

> The answer to this research sub-question is given through Chapter 4.

» The contribution of the #5 Research Sub Question to the Second Main Research Question
is made through the identification of the weaknesses, the suggestion of general
recommendations and concrete proposals in order to extend the PoFSG.

The answer to the #5 Research Sub Question into more detail:

In order to improve the PoFSG, the first step is identifying the weaknesses of the game (Section 4.1).
The list is presented below:

PPP scoring is not solid and needs to be evaluated

The players neglected the qualitative effect of each measure and focused on the scoring

The game needs to become more realistic and plausible/acceptable

The list of measures that are involved in the game is too long

Climate change adaptation strategies are not actively included

The uncertainties and the challenges of the measures are not included

The results of the game are not recorded

There is no indication of how sustainable the port “becomes” when the players select a set
of measures

PN AWM PR
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The focus of the Second Main Research Question of this thesis is mainly drawn upon two aspects:
Improvement of the scoring system of the PoFSG (points 1 and 8 of the above presented list) and the
introduction of sustainable strategic measures to make the PoFSG more dedicated and realistic
(points 3, 4 and 5 of the above presented list). For these improvements, specific Research sub
Questions are formulated, so it will be furtherly discussed in the next paragraphs.

In Section 4.4, recommendations are presented to encounter the rest of the drawbacks that are
encompassed within the PoFSG. The solutions for each weakness that has been presented above are
illustrated as follow.

1. Introduce new Sustainability Performance Scoring System (SPSS)

2. Represent the PPP performance of each measure card with a colour intensity scale

3. Propose sustainable measures focusing on the two most crucial sustainable themes
applicable to the container terminal case studies and to the PoFSG

4. Cluster the new measures which have a similar character and serve the same purpose

5. Introduce additional climate change adaptation measures

6. Introduce a “likelihood of success” indicator assigned to each measure

7. Keep track of argumentations of stakeholders

8. Present percentage of sustainable performance of the measures chosen at the end of the

game

#6 What method could be used to score the performance of sustainable strategic measures to
People, Planet and Profit?

» The direct answer to the #6 Research Sub Question is: Each proposed sustainability
measure is initially scored based on the magnitude of its effect on each sustainability theme
(from -5 to +5) and then multiplied with the weight factor that corresponds to each
sustainability theme.

» This Research Sub question serves in answering the Second Main research Question.

» The answer to this research sub-question is given through Chapter 4 and more specifically
through Section 4.2.

» The contribution of the #6 Research Sub Question to the Second Main Research Question
is achieved by the development of the Sustainable Performance Scoring System that can also
be used in the game, replacing the existing one and though the identification of the
sustainability level of the port in the end of the PoFSG when the players have selected a
specific set of measures.

The answer to the #6 Research Sub Question into more detail:

A Sustainable Performance Scoring System (SPSS) is created to score the sustainable performance
(effects to PPP) of the measures that are introduced in the PoFSG. Through this scoring system, each
proposed sustainability measure will be initially scored based on the magnitude of its effect on each
sustainability theme (from -5 to +5). These scores are previously given by port experts. The initial
score is consequently multiplied with the weight factor that corresponds to each sustainability
theme. All in all, the sustainability performance score of a policy measure for each PPP category
derives from summing the partial final scores of the sustainability themes that are included in each
category. The level of sustainable development of the port that is achieved by selecting specific
sustainability measures can be expressed by means of a percentage of sustainability.
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#7 Which measures could be proposed to contribute to the improvement of the terminals'
performance on the two most important themes?

>

>
>

>

The direct answer to the #7 Research Sub Question is: Measures related to the
improvement of the air quality/ reduction of carbon emissions and measures for the
increase of the safety levels of a port/ climate change adaptation.

This Research Sub question serves in answering the Second Main research Question.

The answer to this research sub-question is given through Chapter 4 and more specifically
through Section 4.3.

The contribution of the #7 Research Sub Question to the Second Main Research Question
is achieved by the introduction of sustainable measures (related to the two most important
themes based on stakeholders’ perceptions) along with their sustainable performance
scoring derived from the application of the SPSS.

The answer to the #7 Research Sub Question into more detail:

The proposed sustainability measures contributing to the improvement of the PoFSG focus on the
two highest rated sustainability theme (air quality and safety levels). They are suitable both to the
PoFSG and the container terminal case studies. The proposed measures’ sustainability derives from
their SPSS scoring.

The air quality is approached by sustainable strategic measures for the reduction of carbon
emissions in ports. The above-mentioned measures are climate change mitigation measures. The
list of measures is presented below:

e Adaptation of the terminal layout

e Replacement of (diesel-powered) terminal equipment
Energy recovery from gantry cranes

Blending biofuels

e Vehicle management system

e Renewable energy sources

e Green incentives to ships

The safety levels are approached by means of climate change adaptation measures. The list of
measures is presented below:

e Enhanced drainage system

e Enhanced maintenance and upgrading of infrastructures
e Cargo handling organizational modifications

e Relocation of activities

e Emergency response plans

e Dredging

5.3 Conclusions
Several conclusions result from this research and they can be summarized as follows:

>

>

The sustainability performance of container terminals can be assessed by a framework
(PSAF) and the sustainability levels of the ports can be illustrated as a percentage of the
achievement of the operational objectives of each People, Planet and Profit category.

The results of the application of the PSAF in the Piraeus container terminal and in Livorno
container terminal demonstrates that the sustainability level of the terminals is relatively
low. Additionally, very limited amount of the requested data was available online. Retrieving
information by contacting port authorities was hard since there was strong unwillingness to
share data, especially the environmental data. On the other hand, terminal operators
provided almost all the information that was requested. Also, it is concluded that systematic
environmental monitoring is not carried out in any of the ports or the container terminals.
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All in all, the container terminals of Piraeus and Livorno need to incorporate the concept of
sustainability in the planning and operational phase as well as in their decision making since
they seem to be far from the goal of a sustainable/green port. It is recommended for the
ports and consequently the terminals to follow the guidelines that derive from the
operational objectives defined from the PSAF.

» The elicitation of the stakeholders' perceptions on port sustainable development can be
assessed successfully by means of a dedicated questionnaire. In the current questionnaire,
safety levels and air quality were the top priorities of stakeholders (higher weight factors).
The themes with least priorities are the stakeholder involvement and the recreation and
aesthetics. According to the 43 questionnaires, the average stakeholder shows a moderately
positive pro-ecological aptitude, wants to be involved in the port's environmental strategies,
is weakly positive about the sustainability approach of the port authorities, does not feel
involved in the decision-making of the port but does not want to be involved in the port
business strategies.

» There is a list of drawbacks in the PoFSG that need to be improved to allow the game to be
more dedicated and realistic and facilitate stakeholder involvement. Those weaknesses lay
in different sectors of the game and therefore, it is not easy to study them all into detail.
Two of the most important that have been studied in more detail are: a) the current PPP
scoring in the game that is not solid and needs to be evaluated and b) that the game needs
to become more dedicated and acceptable from stakeholders.

» In the PoFSG, the performance of strategic and policy measures to sustainability can be
assessed by means of a scoring system (SPSS). Through the integration of weight factors for
each sustainability theme, a more objective and quantitative evaluation of the performance
of sustainability measures on People, Planet and Profit can be achieved. In that manner, not
only the effects of the implementation of measures on the port can be presented but also
their contribution to the sustainable development of the system port/city.

» For air quality and safety levels, considered the most important among the stakeholders,
new sustainability measures are proposed in the PoFSG based on the gaps that exist in the
current version. The air quality is approached by sustainable strategic measures for the
reduction of carbon emissions in ports. The safety levels are approached by climate change
adaptation measures. The proposed sustainability measures aim to make the game more
dedicated to local conditions. From the proposed measures, “Adaptation of the terminal
layout” and “Vehicle management system” were considered the most sustainable among
the proposed Carbon emission reduction measures. From the category of the climate change
adaptation measures, the “Cargo organizational modifications” and the “Heightening the
quays” were considered to score higher on sustainability.

» The new scoring system (SPSS) and the proposed sustainability measures contribute into
making the PoFSG more dedicated and adapted to the local reality.

5.4 Reflections

In this chapter, the reflections on this thesis are presented. The reflections are divided into three
categories: reflections on the process that is followed, the methods that are used and on the
outcomes. In that way, the results of the thesis can be objectively interpreted.

5.4.1 Reflections on the process

The general approach that has been followed during this thesis study was based on the necessity to
assess the sustainability of Mediterranean ports and specifically container terminals and to the need
of the the PoFSG to show in a realistic way port-city future developments and quantified impacts on
the environment/society and with which level of sustainability (Horizon 2020: COREALIS, 2017).
These two aspects were easily combined since the outcomes of the first assessment could be used
as an input to the second part that involves the improvement and extension of the PoFSG.
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The process that was followed was adequately focusing on the first Research Question “How can the
sustainable performance of container terminals’ be objectively assessed?” through the several steps
followed to build a framework that serves that purpose and through the application of this
framework to two case studies (Piraeus and Livorno) to test the applicability of the framework and
conclude on the sustainable performance of the two ports.

The process that was followed to reflect on the Second Research Question “How can the PoFSG
become more dedicated and realistic?” is considered adequate. Based on the request of the Corealis
project, to improve the PoFSG to show in a realistic way port-city future developments and
quantified impacts on the environment/society and with which level of sustainability, the focus was
mainly set in the proposal of improvement of two aspects of the game (sustainability scoring system
and introduction of realistic sustainability measures). In that sense, the rest of the identified
weaknesses were approached by means of general recommendations that could constitute material
for future research.

The assumption that was initially made (based on literature sources), regarding the fact that in the
majority of Mediterranean ports the concept of sustainability is not well thought out, was proven to
be correct for the two Mediterranean port case studies that were examined (Piraeus and Livorno).

5.4.2 Reflections on the methods used

The methods that were used to approach the several aspects encompassed in this thesis study are
manifold. A brief analysis is made below, along with comments on the success of applicability of
those methods.

Studying terminal processes to identify potential stresses of container terminals

The direct stresses that a container terminal is creating are systematically tracked using a method
defined by the author. It was decided to approach the subject by means, when possible, of direct,
homogeneous, physical and quantifiable flows of substances, energies, materials and other
resources that enter or exit the container terminal (CT) domain and create an analytical catalogue of
all the above flows. Through this method, the flows are identified from the literature and after a few
reports; it was simply a question of double-checking the existence of the flow in the various sub-
domains. In that way, it was ensured that a complete list of flow would be generated.

Port Sustainability Assessment Framework (PSAF)

The Port Sustainability Assessment Framework was created to objectively assess the sustainability
levels of container terminals. Through the application of the PSAF to the two port case studies
(Piraeus and Livorno), its efficiency could be tested. The applicability of the PFAF in two case studies
was successful, since it provided a structured manner to access the information required for
comparing the current state of the ports, and in other words checking their compliance with the
operational objectives. As expected, a relatively large amount of data could not be found, however,
this is not attributed to the efficiency of the PSAF but to the unwillingness of the authorities to share
their data.

Questionnaires to access the stakeholder’s perceptions

The questionnaire as a whole was efficient and was able to identify various differences among the
investigated groups. It could be a valid instrument for evaluating priorities and attitudes of port
stakeholders if a sufficient number of questionnaires per stakeholder category could be achieved.

The 8 port knowledge questions should be modified in order to achieve a scoring that distinctly
separates "port experts" from "non-experts".

The NEP questions have been universally used for decades to assess the pro-ecological attitude of
groups.
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The rest of the Part D answers could provide port authorities with valuable info regarding various
aspects of their interrelations with various stakeholders’ categories and permit them to plan
accordingly.

Questionnaires to produce significance weight factors for sustainability themes

The total number of questionnaires and the distribution of the countries and stakeholder categories
permitted the separate examination of the results for a small number of groups. There are observed
differences among the groups, regarding the priorities of the PPP factors and the priorities of the
various PPP themes.

In order to test the representativeness of the results of the questionnaires, it was tested if they
could likely be part of a normal distribution so that the possibility of receiving particular answers
from interviewees pursuing a specific aspect can be excluded. The test for normality of the PPP
answers was positive for all groups except the Greek-Italian group. Even so, the sample is very low to
extract valid conclusions for each group separately.

Analytical Hierarchy Process (AHP) to generate the weight factors for sustainability themes

The AHP method was efficient in generating weight factors for the sustainability themes through a
pair comparison method. The consistency of the resulting weights was checked by calculating the
consistency ratio (CR). If the ratio was CR < 0,1 the results were accepted, otherwise, they were
discarded and not taken into account in the calculation of the weight factors.

Python scripts to process the answers of the questionnaires

Python was used for the data grabbing from the excel files and their processing. Two scripts were
written, with the invaluable assistance of Mr Etmektzoglou who also controlled (and debugged) the
rest of the code that was inserted. The two main scripts efficiently processed the data and gave the
expected results, in a time-efficient manner.

Sustainable Performance Scoring System (SPSS)

The SPSS that was created in the context of this study was successful in several aspects, mainly due
to the introduction of the sustainability themes based on which the performance of sustainability
measures could be scored, due to the weight factors that allowed the presentation of not only the
effects of the implementation of measures on the port city but also their contribution to each PPP
and the fact that after selecting a set of sustainability themes, the sustainable development level of
the port can be measured, using each measure’s contribution to PPP.

However, the SPSS presents some weaknesses as well:

e A couple of the sustainability themes do not perfectly fit as general scoring criterions for the
sustainability measures, but they represent important aspects of the port development

e Since the integer numbers that are used by experts to score the effect of the sustainability
measures to the sustainability themes are multiplied with the importance weight factors,
the resulting scores for PPP are not integer values.

e Since sustainability is not an easily defined concept, the calculation of the sustainability level
of the port based on the selected measures cannot be expressed accurately and
assumptions are made.

5.4.3 Reflections on the outcomes

Each of the methods described in the previous section produce specific outcomes. As mentioned in
the Introduction of the current Chapter, the main outcomes of this thesis project are two: A
framework for the objective assessment of the sustainability container terminals (PSAF) and the
recommendations for the extension of the PoFSG to make it more dedicated. A brief analysis of the
outcomes is to be made below, mainly to assess the reliability of the results.
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In order to achieve the first main outcome the following were necessary:

Definition of sustainability themes

The main sustainability themes related to container terminal’s sustainable growth are identified
through the identification of the potential stresses that container terminals create. Since the
method used is efficient and valid the results are trustworthy as well. The six most important themes
for each PPP category are considered representative subjects that can describe the port's
sustainable development. A check of the validity of the sustainability themes was made through the
guestionnaires in which the interviewees were asked to add more sustainability themes that they
thought they would be important. Most of the themes they proposed were already included as a
sub-category of the sustainability themes presented, therefore, the completeness of the themes was
confirmed.

Definition of the elements of the framework (PSAF)

The elements of the PSAF were defined in a systematic manner, based on which for each of the
sustainability themes initial operational objectives were defined (which did not include any
threshold but just a general idea of what is the target), then the indicators to describe them,
afterwards the thresholds and last but not least the operational objectives initially set were
redefined. Following this structured method, the elements of the PSAF are considered properly
defined.

Formulation of the operational objectives (desired state)
The operational objectives defined for each sustainability theme were adequate for the purposes of
this thesis study; however, they could be more detailed since they are also used as
guidelines/recommendations to the ports. Within the time limits of this thesis study, it was not
possible to elaborate more all the operational objectives.

Definition of the current state

The definition of the current state of the port was achieved through the application of the PSAF to
the two container terminal case studies. The collection of data was based on the framework and was
efficiently collected; identifying the points where there was an unwillingness of information sharing
and where there was no available information. The sources through which the information could be
gathered have been thoroughly analysed, and mostly through the attendance to the meetings that
took place in Piraeus and Livorno a great amount of information was retrieved. Additionally, it is
worth mentioning that the data is presented in an impartial way, without the influence of the
personal opinion of the author.

Comparison of the current state with the desired state

The comparison of the current state with the desired state concluded in the assessment of the
sustainability levels of the terminals. A high-level check of the compliance with the operational
objectives that were defined by the author was performed. This check is expressed by a percentage
of compliance of each terminal with the operational objectives of each People, Planet and Profit
category. Since the purposes of this thesis study are the creation of a framework for the objective
assessment of container ports' sustainability, the direct and detailed quantification of the
sustainable performance of the ports is not performed. For this reason, the sustainability levels of
the ports are high level.

Stakeholder perception analysis

Through the questionnaires, the identification of the perceptions of the stakeholders was attempted.
The validity of the outcomes was proven by several points. Initially, the fact that NEP (high
ecocentricity) and environmental priorities are strongly correlated for all groups shows that the
answers given by the interviewees were not random. In some questions, all the groups answered the
same, for instance, all groups consider necessary the involvement of all stakeholders in the
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environmental strategies of the port and all groups agree that the container terminal can generate
important societal benefits. The persistence of the answers could be interpreted as a validity check.

The Italian group, however, answered positively in the question that referred to the involvement of
all stakeholders in the business strategies of the port and in the questions that stated that a
container terminal could have serious impacts on the environment. In those two questions, the
other groups answered negatively.

Regarding the questions that assess the general knowledge of the concept of port sustainability, it
seems that they failed to distinctly separate the port expert group from the other ones. This could
be due to the fact that: a) all groups have a good grasp of the port sustainability concept, b) the
questions could be answered correctly according to a general pro-environment attitude and c) the
scientific community generally avoids making statements of almost absolute certainty like the option
"strongly agree" of the questionnaire, fact that lowers the score of the answers.

In order to generate the second main outcome the following were necessary:

Weight factors for sustainability themes

The weight factors for the sustainability themes are calculated by the AHP method that is taking into
account the inconsistencies in the answers and discards the ones that do not comply in the
consistency check. Additionally, 43 questionnaires were filled that is considered a sufficient number
to derive valid results. Therefore, it can be concluded that the weight factors that have been
generated can be considered reliable for the purposes of this thesis.

Weaknesses of the PoFSG

The identification of the weaknesses of the PoFSG was made through discussions with experts and
personal experience playing the game, where opinions from the participants were shared regarding
downsides of the game. This method is considered adequate for the context of this thesis, but it
should be noted, that these are not the only downsides of the game and other aspects of the game
should be further investigated.

Sustainability measures for the PoFSG

The sustainability measures for the PoFSG that are proposed in this thesis study are related to the
two most important sustainability themes. Additionally, the measures’ applicability in the two port’s
case studies (to check if they are realistic) and their applicability in the PoFSG (based on the gaps and
the current measures that exist) were tested. The resulting sustainability measures comply with both
of the checks and therefore, they can be considered useful.

Sustainability performance of proposed sustainability measures

The sustainability performance of the proposed measures was assessed using the scoring system
that was created (SPSS). The scoring system involved the use of expert knowledge to assign the
initial scores. However, within the time limits of this thesis study, it was not possible to use the
knowledge of a large number experts and only 3 contributed to the scoring system, Therefore, the
sustainability performance scoring of the proposed measures cannot be considered of great
reliability. However, with the addition of other contribution of experts in the scoring, the results
could be considered reliable.

Recommendations for the PoFSG

The proposals that are made for the improvement PoFSG, apart from the introduction of the scoring
system and the sustainability measures, are less thoroughly analysed and this is clearly defined in
the context of the thesis.
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5.5 Future research/ recommendations
Based on what is exposed in the previous section, topics that would be beneficial to be further on
elaborated in the future are revealed.

Initially, the operational objectives of the PSAF that define the desired state of the ports could be
further on elaborated in order to become more detailed. Additionally, it would be beneficial to
generalize the operational objectives so that they could be directly applied not only to container
terminals but to the other port’s terminals as well.

Furthermore, the lack of accessible information regarding the current state of the ports rendered
the quantification of their sustainable performance unattainable. Therefore, it is suggested to apply
the framework created within this thesis (PSAF) to collect more detailed data regarding ports and/or
container terminals. Consequently, it is proposed to use the weight factors for each sustainability
theme (derived from the questionnaires) to show how sustainable the port is performing. In other
words, the effect of achieving or not the operational objectives included in a specific sustainability
theme would have a different effect to the total sustainability of the port, depending on the weight
that is assigned to it and this depends on the perceptions of the stakeholders.

It is also suggested to use the questionnaire created in the context of this thesis as a tool for the
assessment of more stakeholders' perceptions so that more answers from different stakeholder
categories could be taken in to account. In that way, the perception analysis could be made in terms
of each stakeholder category.

Another recommendation would be the input to base the scoring of the sustainability measures on
the input of more experts. In that way, more solid scores could be assigned.

Last but not least, there might be several more aspects that would need improvement in the PoFSG.
A wide range of weaknesses have been discussed in this thesis study, however, it is suggested to
investigate further other aspects that could potentially be extended. Additionally, the general
recommendations that have been suggested for PoFSG can serve as a baseline for future research.
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A1l. Portsustainability - Green Port strategies
The definition of a sustainable port as defined from the WG (PIANC 2014a) is the following:

“A sustainable port is one in which the port authority together with port users, proactively and
responsibly develops and operates, based on an economic green growth strategy, on the working
with nature philosophy and 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 the needs of future generations, for their own benefit and the
prosperity of the region that it serves.”

A1.1 Indicators

Green port assessment requires the combination of various parameters. These parameters,
expressed as indexes, should be comprehensive, quantitative or qualitative. KPls should be
developed so that they could be easily tweaked/modified in order to keep up with future
technological advancements and market evolution (Chris Park and Robert Whittier 2012). They
should also be able to reflect future changes and to adapt progressively to the changing societal
needs, but still be able to assess a green port in every timeframe (Wan et al. 2017). In an world
where resources and energy have always more importance, KPIs could play a crucial role in tracking
financial success but also in comprehending environmental and societal risks, issues that become
crucial to the organizations survival (Chris Park and Robert Whittier 2012).

The list of the sources used to comprehend the importance and utility of the performance indicators,
as well as the challenges that they entail is presented in Appendix A , along with the main concepts
that were adopted from each specific source.

Table 18: Port Key Performance Indicators literature list

Key Performance Indicators (KPIs)
Literature list Contents used
Port performance indicators
(United Nations 1976)

The first attempt to base the operation and development of the
port on indicators

UNSTAD Has developed acceptable and feasible Key Port Performance
Indicators to measure the impact of the European Port System
on society, environment and economy. The result is the First
European Port Performance Dashboard.

PPRISM (EPSO) 2010 Establishing a culture of performance measurement in European
ports.The Dashboard contains well defined indicators, that are
accepted by stakeholders and measure performance trends in
the European port sector
PORTOPIA 2017 It presents combined or ratio-based indicators within the group
of indicators on market trends and structure, and a link of these
indicators with different categories of indicators.
Linking Performance Indicators Developments in port management worldwide and across the
to Strategic Objectives (United | networks of the Port Management Programme clearly reflect an

Nations 2017) increasing demand for performance assessment.
The Sustainability reporting for Presents the nature of the KPIs including the weaknesses that
ports (IAPH-PIANC 2017) should be considered in their use. Each port has its own and

different needs and has to be considered and treated as a
separate entity, even if there is a global green policy approach
that is used as a guideline
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A2. Stakeholder inclusion/ management
The importance of the stakeholder involvement is pinpointed in the Report of (IAPH-PIANC 2017).
Stakeholder inclusion processes should always be designed with the culture, values and institutional
set-up of a specific port cluster context in mind.

The importance of the balance between the impact on and perception of the stakeholders is
presented in Figure 22.

Port activity:

Impacts on the
Stakeholders

Perception of
Stakeholders:
Impacts on
Port activity

Figure 22: A balance between the impact on and perception of stakeholders (Source: IAPH-PIANC 2017 )

Based on (IAPH-PIANC 2017) the stakeholders involved in corporate social responsibility initiatives
are presented in Figure 23.

STAKEHOLDERS
INVOLVED IN
CORPORATE SOCIAL
RESPONSIBILITY EMPLOYEES
INITIATIVES AND LOCAL
o 53 Eracee oS e
® 76% Locs OF CSRPOLICY OF
Communities PORT AUTHORITIES
56% Clierts
® 37% Frovicers
3d% Tenants
27% Reqon anc
beyond

Figure 23: Stakeholders involved in corporate social responsibility initiatives (source: PORTOPIA, 2017)

A3. Lack of application of sustainable port strategies from
Mediterranean ports
Based on personal knowledge of the local conditions in various Mediterranean countries, the
statement that a great number of the South European/ Mediterranean ports are lagging behind on
the adoption of sustainable and green port strategies was formulated; however, it is necessary to
verify it using concrete literature sources.

According to the European Port Industry Sustainability Report (PORTOPIA 2017): "the Mediterranean
ports are experiencing the fierce competition of newcomers located in North Africa, which find their
competitive advantage".
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It is vital to integrate the sustainability concept in port strategies, because it constitutes an, always
more important, factor of their competitiveness (Med Maritime Integrated Projects - Mermaid 2015).
Although, worldwide, progress has been made, an averagely slower rate of adaptation is observed in
the Mediterranean (with the exception of the Adriatic area) (PORTOPIA 2017).

The challenges of the Mediterranean container ports were mentioned in the Med Maritime
Integrated Projects - Mermaid website, within an article published on 2015 in which it was indicated
that in order to adequately define the actions to gain competitiveness and sustainability, it is
important to monitor closely all port activities.

In the paper of Buiza et al., published in 2015, the current situation of the Mediterranean container
ports is examined focusing mainly on their operational, energy and environment issues.

The study (Buiza et al. 2015) concludes that the existing gaps and barriers exist impede the
Mediterranean container ports’ sustainable development. Among others, there is a poor adoption of
standards, inadequate advancement of the necessary technology, and serious lacks in the waste and
air emission management. From the review of the available resources of data, there is no reference
regarding the energy consumption level of the majority of the Mediterranean ports, nor about the
energy related costs and expenditures.

Due to the relatively low available literature describing the current sustainable status of the ports in
Europe and specifically the Mediterranean ports and the fact that the European ports and harbours
should be engaged into addressing proactively environmental issues in order to obtain an always
more sustainable development (ECOPORTS 2017), it would necessary to assess the sustainability
levels of Mediterranean ports.

Moreover, since the focus of the paper (Buiza et al. 2015) was set on three specific areas of activities:
the operational, energy and environment ones, it was decided to extend this identification process
and elaborate upon the selection of sustainability performance indicators and the documentation of
the current sustainable levels of the ports based on the indicators.

A4. Horizon 2020: COREALIS project
The H2020 — Port of the Future project ‘COREALIS’, is a project that "aims to develop a strategic,
innovative frameworkfor cargo ports to handle upcoming and future capacity, traffic, efficiency and
environmental challenges". Through COREALIS, ports will minimize their environmental footprint to
the city, they will decrease disturbance to the local population through a significant reduction in the
congestion around the port(European Commission,2017). A brief description of the project is
presented below. All the literature is extracted from the Horizon 2020: COREALIS proposal.

"COREALIS comprises a palette of port-driven technological and societal innovations, tailored to
realise the objectives that are visualised in Figure 24. The innovations will be implemented and
tested in real operating conditions in 5 Living Lab environments, associated with the 5 COREALIS
ports, Piraeus, Valencia, Antwerp, Livorno and Haminakotka Living Labs (LLs).
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Figure 24: The COREALIS palette of innovations for Port of the Future

COREALIS consists of 9 Working Packages (WPs) and Deltares is leading on WP4 which objective is
the governance and decision making in the Port of the Future and has the leadership of Task 4.1
concerning PoFSG for improved decision making. This task is meant to extend the functionalities of
the game and implement it in the Piraeus and Livorno Living Labs (LLs).

One of the most important objectives of the project is enabling the port to take informed medium-
term and long-term strategic decisions and become an innovation hub of the local urban space. This,
among others, will be achieved through the extension of the Port of the Future Serious Game
(POFSG), in technical contents and functionality to facilitate stakeholder engagement.

By using the game, port managers will explore and analyse the possible development trajectories,
highlight port dynamics, take green port policy decisions while ensuring optimal port operations, and
evaluate impacts of potential development and policy pathways. The game is intended to raise
awareness for the port-city challenges and support stakeholders to achieve development with a
positive environmental impact. Because the game will include practical measures and realistic
descriptions of outcomes and (technical, system) implications, it will raise awareness among
policymakers, port designers and urban planners about climatic and environmental sustainability via
a balanced approach. Usability and impacts of different options can be compared with operational
needs and the objectives of sustainable port development to better align decision making with key
port-city sustainable policies.

The modified and improved PoFSG will incorporate sustainable aspects for several scenarios of
logistics, port design and climate adaptation. It will incorporate uncertainties for future operations
and address cost savings challenges for mid- and long-term.

PoFSG will try to (based on the objectives of the project):
. Identify the real-time indicators to improve quality of services
o Create an emissions database is included in PoFSG KPlIs.
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o Promote the smart urban development of port-cities, enabling port managers make
informed decisions towards sustainable policies with city stakeholders."

A5. Port of the Future Serious Game
The Port of the Future Serious Game (PoFSG) has been developed by Deltares with the scope of
raising awareness of the current policy-making problematic of the ports, in order to support the port
stakeholders into taking informed decisions towards the port's sustainable development (webpage:
Deltares)

As is stated in the PoFSG manual(Liagkouras et al. 2015):

"The game applies a fictional but realistic environment, autonomous scenarios, a set of measures
and a qualitative set of indicators that provide information on the effects for society, natural
environment and economy. By introducing real-world challenges associated with port
development and going through a decision making process for selecting sustainable measures, the
stakeholders can experience aspects of sustainable port development first hand through the
serious game.

The Port of the Future Serious Game can also facilitate policy-making in ports with respect to
socio-economic development, taking into account the natural requirements and the impact of
sustainable design on balanced growth. For these reasons, the game can be played by a wide
range of players including port authorities, planners, managers, policymakers, private companies,
NGOs, scientists, nature developers, scientist, students and citizens.

The procedure of the game can be summarized as follows. The aim is to move away from the
traditional port and to reach the “Port of the Future” vision. To achieve that, a team of up to five
players choose appropriate policy measures in four rounds.

The measures are grouped in seven fundamental categories according to their nature, namely 1)
port layout principles, 2) navigation, 3) coastal protection, 4) environmental measures, 5)
governance, 6) infrastructure and 7) urban measures.

The game can serve two main goals, as well as other indirect goals. The first is to assist
policymakers of the port sector in developing master plans with the ultimate goal of improving the
performance of the port under the three pillars of sustainability, namely people, planet and profit.
The second goal is to educate players on combining ecosystem knowledge and sustainable
development, subject to the allocation of financial resources among the investment and
maintenance costs of policy measures. The players can explore the possible range of short term
and long term impacts of their different policy options in a safe environment, as the future
situation of the port will then develop as a result of the policy measures that have been
implemented.

In addition to these two direct goals, the game indirectly intends to raise awareness and facilitate
stakeholder involvement and debate among stakeholders in complex political governmental
processes. This is achieved by using a simulation model which includes a number of important
aspects that are associated with real-life policy-making, such as uncertainty and risk. What is more,
different scenarios will be played to investigate the wide range of possible impacts and to trigger
the debate among the players by creating constructive conflicts between them during the
negotiation and decision-making process.

This is expected to demonstrate that successful policy-making in ports can only be achieved when
the stakeholders work in close collaboration with each other.

Ultimately, the game aims to highlight the fact that the “Port of the Future” vision should be
pursued and can be realistically achieved, as it entails economic, environmental and social benefits
for a wide range of port-related stakeholders."

The procedure of the game can be visualized in the following Figure 25.
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Figure 25: Visualization of the game procedure Port of the future Serious Game (Source: Deltares website)

A6. Frame of reference for policy development
A framework is developed for the systematic approach of the historical and the current condition of
the ports and the comparison with the desired state. The framework is mainly based on the basic
frame of

The frame of reference for policy development developed by van Koningsveld (van Koningsveld and
Mulder 2004), was used with some modifications, for the systematic approach of the historical and
the current condition of the ports and the comparison with the desired state.

The elements of the frame of reference for policy development are presented in the following figure.
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Figure 26: A frame of reference for policy development (source: van Koningsveld 2003)
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The identification of the strategical objective and the operational objectives is the first step of the
framework. The operational objective shapes the strategic objective into a more specific target. The
strategic and operational objectives, together with the decision recipe, represent what the authors
call the basic operational ‘frame of reference’.

The decision recipe includes:
(1) quantitative concept of the system’s current state;
(2) procedures for objective benchmarking;
(3) procedures for preferred interventions and
(4) procedures for evaluation.

After a study of the journal article "Sustainable Coastal Policy Developments in The Netherlands -A
systematic Approach Revealed" by van Koningsveld and Mulder on 2004, the following conclusions
were made regarding the various levels of the framework and their application:

e The first element would be an objective assessment of the state of the system. The
guantitative state concept includes a set of indicators and to assess the current state as well
as identify the reference state of the system.

e A benchmarking procedure must be developed to objectively assess the problem/situation
defined. The procedure necessitates of the definition of a predefined reference state to be
used for the comparison to the observed (or predicted) system state. The intervention
procedure describes a procedure or a set of procedures to improve or alter the current
condition. Periodic evaluation of policy effectiveness is recommended.

e After the evaluation, conclusions can be drawn in regards to the policy that is currently or
proposed to be followed. This policy can be reviewed and modified according to the levels
that need to be reached. So a new strategic objective and operational objective can be
defined, now that the system of policy and science on the subject matter has become
clearer.

The frame of reference requires the decomposition of each strategic objective to one or more
operational objectives (Figure 27) expressed in terms of quantitative state concepts.
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Figure 27: The basic frame of reference as a tool for policy development and for communication between science and
coastal management (source: van Koningsveld 2004)

A7. Analytical Hierarchy Process (AHP)
The calculation of the weight factors of the sustainability themes in this thesis project will be
accomplished through the Analytical Hierarchy Process (AHP).

The Analytic Hierarchy Process (AHP) pair comparison method is a multiple criterion decision-
makingmethod originally developed by Saaty in 1977 (Saaty 2008; Pandian 2013a; C. Y. Ng and
Chuah 2014; Bunruamkaew 2012; Mu and Pereyra-Rojas 2017). In the Analytical Hierarchy Process,
the decision-maker/ expert has to express his opinion about the value of one single pairwise
comparison at a time. Usually, the decision-maker has to rate his answer among choices (Pandian in
2013).
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Very often qualitative data cannot be expressed in the form of absolute values. For this reason,
many decision-making methods aim to determine the relative importance of each parameter
involved in the problem (Triantaphyllou and Mann, 1995).

Based the paper published by Pandian in 2013 a three-stage methodology is proposed to estimate
weights for the identified dimensions of sustainability using AHP based pairwise comparison method.

The first stage estimates the relative importance of three major concerns of economic, social and
socio-economic performances with respect to sustainability through a pair-wise comparison made
between them and provides their respective weights We, Ws and Wse,.

In the second stage, pair-wise comparison is made individually between the identified key
performance dimensions 'i' for each sustainable concerns of economy Wie (i = 1 to4), social Wis (i=5
to 8) and Wise (i = 9 to 12) and the weights of them in their category are found.

In the third stage, the weights for each dimension to estimate the sustainable composite index is
found by multiplying the, Wie ,Wis and Wise with their respective We, Ws and Wse.

i.e. Wi=We * Wie(i=1to4)
Wi=Ws * Wis (i=5to 8)
Wi =Wse * Wise (i=9 to 12)

The intensity of importance (Average) obtained through personal interviews with experts working in
the industries and the general public, normalized weights and the average of normalized weights.
The normalized values are obtained by dividing by its corresponding column sum.

It is difficult to get quantitative figures for the dimensions of the industries. The performance of each
dimension is collected through qualitative statements from the responsible respondents. The
statements are coined such a way that they are chosen based, and the respondent is able to choose
and provide instant answers to all the dimensions. Five choices are picked for each dimension to
indicate the performance level of the industry with respect to that dimension (Poor, below average,
average, above average, excellent).

A8. New Ecological Paradigm (NEP)
The New Ecological Paradigm is used in the Questionnaires to assess the level of eco-centricity or
anthropocentricity of groups of persons.

The New Ecological Paradigm scale is a measure of endorsement of a "pro-ecological" worldview,
initially developed in 1978 (Dunlap 2000; Anderson 2012; Dunlap and Van Liere 2008). It is used
extensively in environmental education, outdoor recreation, and other realms where differences in
behaviour or attitudes are believed to be explained by underlying values, a worldview, or a paradigm.
The scale is constructed from individual responses to fifteen statements that measure agreement or
disagreement.

The revised NEP has fifteen statements, called items. Eight of the items, if agreed to by a respondent,
are meant to reflect the endorsement of the new ecological paradigm (NEP), while the agreement
with the other seven items represents the endorsement of the dominant social paradigm (DSP).
Using a Likert scale, a commonly used rating scale, respondents are asked to indicate their strength
of agreement with each statement (strongly agree, agree, unsure, disagree, and strongly disagree).

The authors emphasized that the revised NEP questions had several strengths, making it a more
reliable and valid tool for measuring a population’s environmental view of the world. In particular,
they stated that the new scale was internally consistent, that is, people who responded to some
items in one pattern tended to respond to other items in a consistent manner, and that it
represented a measure of a single scale (it has unidimensionality).
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A9. C(limate change impacts in seaports

The impacts related to climate change, refer to sea level rise, storm surges and waves that can
create dangerous conditions for the navigation and berthing of ships (UNCTAD 2017a), owing to, for
example, invasion of waves (long period) (Rossouw and Theron, 2012). Flooding from extreme
rainfall events, as well as other extreme events for example landslides, will create problems in the
hinterland transportation (road/rail). In that way, the access to ports is affected (UNCTAD 2017a).
The extreme winds have been predicted to be more frequent and they are considered to be more
catastrophic (Coumou and Rahmstorf 2012). They can cause overtopping of coastal defences, failure
of infrastructures and disruptions of operations and services (United Nations, 2015). As Vogel et al.
stated in their publication of 2017, heat waves might limit the port operations and cause
pavement/track damages.

The summary of the major climate variability and change impacts on ports are presented in Table 19.

Table 19: Summary of major climate variability and change impacts on ports (Source: UNCTAD 2017a)
Climatic Factor | Impacts on open sea, estuarine and inland waterway ports
Sea level (mean and extreme)

(i) mean sea level changes; (i) increased
destructiveness of storm surges/waves; (iii)
changes in the wave energy and direction

Damages in port infrastructure/cargo from incremental and/or
catastrophic inundation and wave regime changes; higher port
construction/maintenance costs; potential modulation of tides

causing sedimentation/dredging in port/navigation channels and
operational time table changes; effects on key transit points;
increased risks for coastal road/railway links; relocation of
people/businesses; insurance issues

Temperature

Higher mean temperatures; (i) heat waves
and droughts (i) increased spatio-
temporal  variability in  temperature
extremes

Damage to infrastructure/equipment/cargo and asset lifetime
reduction; increases in the staff health risk; higher energy
consumption for cooling terminals and cargo; restrictions for inland
navigation that may affect estuarine port competitiveness (e.g. port
of Rotterdam); reductions in snow/ice removal costs; extension of
the construction season; changes in transport demand

Major damages in infrastructure; coastal erosion affecting road and
rail links to ports

Longer shipping seasons-NSR; new shorter shipping routes-
NWP/less fuel costs, but higher support service costs

In arctic areas, permafrost degradation and
reduced arctic ice coverage

Precipitation and Fog

Changes in the mean and the intensity and
frequency of extremes (floods and
droughts)

Land infrastructure inundation; damage to cargo/equipment;
navigation restrictions in inland waterways; network inundation and
vital node damage (e.g. bridges); problems in port equipment
operations (e.g. cranes); changes in demand

Increases in fog intensity/duration Impact on ship and terminal operations (reduced visibility)
Wind

Extreme harbour winds

Problems in seaport navigation and berthing;
disruptions due to inability to load/unload

operational

A9.1 Climate change in the Mediterranean
“Extreme coastal sea levels constitute a most significant hazard for coastal activities and
infrastructure” (UNCTAD 2017a). Recent research that has been made regarding the European coast
has mentioned that the future storm surge levels are expected to increase in the Atlantic, North Sea
and Baltic coasts, while the Mediterranean is expected to have minor changes (Vousdoukas et al.
2016).

Consequently, in the Mediterranean, the impacts of climate change are not expected to be the same
as in the North Sea, the Atlantic etc. taking into account that the tidal range in the Mediterranean
basin is relatively low, the sea level extremes that could be expected are mostly associated merely to
storm surges (Marcos, Tsimplis, and Shaw 2009). Additionally, the Mediterranean Sea is a semi-
closed basin with relatively large depth and its only inflow and outflow of water is the Atlantic Ocean
(Gibraltar Strait). Last but not least, it is expected an increase in salinity in the Mediterranean Sea
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that will counterbalance sea level rise attributed to thermal expansion from warming (European
Environment Agency, 2017).

The predicted variation in relative sea level rise in the years of 2018-2100 to the years 1986-2005
considering the average emission scenario (RCP4.5 based on an ensemble of CMIP5 climate models),
presented from the European Environment Agency for the Mediterranean Sea basin is 0.3-0.5
meters.

It should be noted in this point that “taking regional projections for relatively small isolated and
semi-closed ocean basins, such as the Mediterranean or the Baltic, is even more difficult than for the
open ocean” (European Environment Agency, 2017) and for that reason, the results may present
even more uncertainties.

Therefore, even if the value of sea level rise in the Mediterranean Sea basin is not expected to reach
the highest levels that are predicted for several other areas, it is still crucial to incorporate climate
change policies in the port planning and development in order to respond effectively to climate
change challenges.

A9.2 (Climate change and uncertainty

Climate change adds up a level of uncertainty in decision-making. Uncertainty can be generated
from the limited scientific understanding of the climatic system (even though in the last decades the
scientific knowledge on climate change and variability has upgraded) and of the manner in which the
greenhouse emissions’ trend will be modified in the future (Willows et al. 2003) Additional
uncertainty is added regarding the impact that climate change has on society, environment and
economy since the understanding of the impacts is mainly related to events that have been
experienced in the past (Willows et al. 2003).

Various approaches have been established confront with uncertainty in design and planning based
on the European Climate Change Adaptation Platform and are presented below.

Adaptive management

This management system includes the exploration of strategies that are relatively easily modified in
the case new comprehensions derived from research are inserted. Adaptive strategies are most
applicable under the circumstances that the decision timescales allow gradual adaptation and
decisions can be modified and updated as soon as new information and knowledge becomes
available.

Scenario Planning

Taking into consideration deep uncertainty, decision-making should be performed taking into
account several different outcomes. Then, alternative policy decisions are analysed based on their
performance under diverse future scenarios.

Robust or Resilient Strategies

Through this approach, the possible future circumstances that could be confronted are detected,
and the strategies that could be applied successfully across the whole range of future conditions are
identified. The definition of a robust strategy is a strategy thathas a good performanceamong a wide
variety of different futures.

The European Climate Change Adaptation Platform also presents the different types of adaptation
options that can be adopted and are presented below:

e Selection of a "low-regret" (or “no-regret'') option: there are benefits even in the case of
nonappearance of climate change and the cost for implementation are relatively low;

e Selection of "win-win (-win)" option: benefits in the climate change risks minimization and
additional creation of benefits in the society, the environment and/or economic benefits.
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e Preference in flexible options: making possible future modifications;

e The inclusion of “safety margins" to new plans and investments: to guarantee that they are
resilient to a variety of possible (predicted) climate change impacts;

e Promotion of soft adaptation strategies: in order to create adaptive capacity

e Reduction of decision time-scales

e Postpone of action: without neglecting the future. This might be applicable in the contexts of
a long-term adaptation strategy that explores the significance of the benefit of a particular
action and concludes that there is no added value for the time being.

A9.3 Climate change adaptability in ports
“The ability of the system to change in response to developments within the system
boundary is referred to as adaptability” (P Taneja, Ligteringen, and Walker 2012).

In addition to the previous definition:
“adaptation to climate change is a process of continuous social and institutional
learning, adjustment and transformation” and “understanding adaptation as an
ongoing process of learning is relevant for local and regional scale decision-making”
(Finfgeld and McEvoy 2011)

The first approach to climate change adaptability strategies is to comprehend the port's
vulnerabilities. The decrease of the vulnerability of ports necessitates a precise determination of
possible risks and potential impacts (Becker et al. 2013). In this point, it should be noted that in that
context, each port is different and requires a tailor-made approach. However, the theory that forms
the basis remains the same. The identification of the vulnerabilities of a port could be based on the
vulnerability based approach developed by (Fiinfgeld and Darryn McEvoy 2013).

The second step would choose the "appropriate" climate change policies. This presupposes an
enhanced understanding of the concept of working under uncertainty in combination with the fact
that even though the climate change impacts might not be placed within the time boundaries for
which the port planning has been performed, but it is necessary to include them in the time being
(Scott, National Climate Change Adaptation Research Facility (Australia), and RMIT University, 2013).
As mentioned in the previous section, decision making under uncertainty is a rather difficult task.
"The certainty that the payoff will justify the investment decreases, while the importance of acquiring
a strategic advantage over the competition becomes increasingly important" as was mentioned from
P Taneja, Ligteringen, and Walker in 2012.

In that sense, it becomes obvious that an “appropriate” climate change port strategy does not exist
nor a clear pattern that can be followed during decision making.

For that reason, it is necessary that port managers receive guidance regarding the impacts that
climate change will generate on their activities and operations. Additionally, training sessions should
be performed to port authorities and managers involved to port planning to keep them updated
regarding the sensitivities of the port operations over the climate change impacts. Different
institutional methodologies are needed to develop the long-term concept in the decision-making
process regarding port resilience (Becker et al., 2013). Another important aspect is constantly
updating and keeping current the analysis and evaluation material that can be used in the decision
making process (Scott, National Climate Change Adaptation Research Facility (Australia), and RMIT
University, 2013).

Flexibility and Adaptive Port Planning

The climate change adaptation policies could be approached with the introduction of the concept of
the "Flexible Port" that was firstly defined by Bellis in 1990 and involved a rather specific concept
that concerns mainly the accommodation of ships. The concept of flexibility in port planning and
design was re-examined by Dr Taneja.
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In that context, “the port with the capability to change so as to be functional under new, different,
or changing requirements (with minimal extra investment, and without appreciable loss in overall
service quality, in terms of efficiency and reliability), can be said to be a flexible port “ (P Taneja,
Ligteringen, and Walker 2012).

“Adaptive Port Planning (APP) is an approach that bridges the gaps in the traditional practices of port
planning by incorporating uncertainty and flexibility considerations” (P Taneja, Ligteringen, and
Walker 2012). Features like port adaptable and flexible planning can ensure that a port can be
dynamic under changing requirements, enabling its operation under uncertainty, extending its
economic lifetime, and therefore promising payback on investments (P Taneja, Ligteringen, and
Walker 2012).

Some of the features of APP are listed in the Flexibility of Port Planning and design report by (P
Taneja, Ligteringen, and Walker 2012). The most relevant features are presented below:

e Considers a variety of possible futures;

e Considers proactive actions for the confrontation of both forseen and unforeseen changes
that might happen throughout the project design or after

e Methodically observe the external environment for potential developments and also the
consequences of the actions that were carried out in order to reduce the probability that an
impact occurs

e Presents the cost-benefit of the risk management

e Makes the decision-makers to be more precise regarding the assumptions in which they
base their plans

e Systematically explores assumptions based on new knowledge and understanding from the
strategic environment.

Based on those main features, it can be concluded that the APP approach could be easily linked to
climate change adaptability design and planning. APP could assist in the identification of the most
relevant strategies to be encompassed within climate change adaptation.
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Appendix B Container terminal case studies - Piraeus and Livorno
B1. Portof Piraeus

B1.1 General information about the container terminals

e In 1930 was established the Piraeus Port Authority (PPA).

e In 1992 Pier Il of the Container Terminal (CT) became operative.

e |n 2008 followed the Pier Il and (to be) Pier Ill concession to Piraeus Container Terminal SA
(PCT SA - a subsidiary of COSCO Group) ratified with L.3755/2009- GG 52A/2009 and later
amended with L.4072/2012- GG86A/2015 and L.4315/2014-GG269A/2014).

e PCT SA installation on Pier Il was achieved in 2009.

e |n 2010 Pier | became operational.

e In 2016 the majority shareholding of PPA SA (67%) was sold to COSCO Group (ratified with
L.4404/2016- GG 126 A/2016) (sources: PPA SA website, National Printing House of Greece
website).

A general description of each Pier of the container terminal follows.

CT Pier |

According to the PPA website (http://www.olp.gr/en/) Pier | became operative in 2010. East
quayside of Pier | has a length of 500m and depth of 18m, while west quayside is 320m long and has
a depth of 12m. The annual capacity of Pier | is 1.000.000 TEUs. There are present 4 Over Super Post
Panamax and 3 Panamax cranes.

CT PIER I

The Pier Il is operative from 1992. The terminal operator is PCT SA from 2009. The east quayside is
780 m long, with an operational depth of 14.5m, while west quayside is 700 m long, with an
operational depth of 16,5m. It covers a total area of 373.365m’. The annual capacity of Pier Il is
3.200.000 TEUs.

The Pier specifications are:
e 18QCs
o 760 reefer plugs for 1.090 reefer TEUs
e 16 Electric Rubber Tired Gantry Cranes (E-RTGs)
e 16 semi-automated RMGs

CT Pier 1l
The east side of Pier Ill has 600m quay length. The west side of the Pier Ill has an operational quay
length of approximately 390m.

The Pier specifications are:
e 10 Super Super Post Panamax (SSPP) QC'’s
e 6 RMGs
e 18 ERTGs
o 360 reefer plugs

The throughput of the Pier Il is now 2.300.000 TEUs.

The layout of Pier Il and Il is presented in Figure 28.
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Figure 28: Layout of Pier Il and Ill

The evolution of the container terminals through the years is presented in Figure 29.
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Figure 29: Evolution of Piraeus container terminals over the years (2002-2018)
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B2. Port of Livorno

B2.1 General information about the container terminals
In the port of Livorno are operating two container terminals. The Lorenzini container terminal is
located in the eastern part of the commercial port and the Terminal Darsena Toscana is located on
the western part of the commercial port. The first is smaller than the second both in terms of area
and cargo. A brief presentation of the terminals is presented below:

Terminal Lorenzini&C:

From the website of Lorenzini&C the following information was retrieved:

“The areas at Lorenzini’s disposal have increased from 1,000 square metres of 1985 to over 90,000
square metres today, and its vehicle fleet is in continuous expansion. Over the last two years,
amongst several other purchases, one may count 4 RTG cranes and a new self-propelled Gottwald
HMK7608 crane. The terminal is equipped with an internal railroad track of approximately 400
metres.

The Lorenzini Terminal is a concessionary company in accordance with art. 18 of Law 84/94, and
namely the owner of a maritime State allotment of areas and wharves/docks within the port for the
direct performance of port operations; it is also authorized as per art. 16 to the carrying out of port
services. Within the public properties and following the measures connected with the Industrial
Plan, Lorenzini Terminal has at its disposal the following areas and structures:

e Atotal concession area of more than 90.000 m?

Annual terminal capacity of 180.000 TEUs

A 400-metre railway track

e A building destined to Border Inspection Post (BIP)

e Aroofing covering a total of 2.000 m?

e 342 Reefer Plugs

o A platform balance for various goods and containers, with a 60-ton capacity”

Terminal Darsena Toscana (TDT):

The Darsena Toscana terminal is the major container terminal in the Port of Livorno. Established in
1997, TDT has been an integral part of Gruppo Investimenti Portuali (GIP) since 2012. It is the major
container terminal in the Port of Livorno, with an operating capacity of 900.000 TEUs. The terminal
area is 384.000 m’, the quay length 1.430 m and the quay depth 13 m.

TDT is the leading Italian terminal by volume for reefer cargo and its high structures organisation has
been in place since 2003. TDT provides 863 reefer plugs (80 of them in the inspection area) and
reefer racks for safe temperature monitoring.

Logistically speaking, TDT is 9 km from top-tier logistics platform A. Vespucci.

The evolution of the container terminals through the years is presented in Figure 30.
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Stresses of container terminal
Framework used to explore the potential stresses of container

terminals

Appendix C

C1.

sSa15-(A106938D)-(31UN)-480Np0Id paulep

UYHIM JBAIRDR] pUE (S)ulewop-gns 198uuo)

Sulewop-gns Jaylo
03 ssa.3s pue Alobzied
“Jun Juauodwod ppy

¢sulewop-qns Jaylo
uj Juasald yun Jo
Juauodwod a3 S

Aiob31ed Buysg

¢hiobayed
|euonouNy Jo
|eaiboy ‘enyonus e
4o ped yun
10 Jaonpoud

ayr st

aune
40 Juauodwod
e Joonpold

59115 pUB JaARdal
I -Jaonpoud ppe sisixa
uonewixoidde uonedyliepd aun UIRWOp-gNs pajefal 4T
[ea1sAyd e ym puadsns 10 jeaip 'S53.135 PUBIOAIZ0R]
3559135 BULRQ Jo Ayjenuayod e se -1zonpoud _uum. pue
S9s59.3s aulag UIBWOP-NS MaU 3123l
N ¢[eashyd-uou surewop-qns
S3559.43S Y 1330 |[e ul judsaud 1
S9SS91)S aulaq 7 7
7 Jeonpoud suyeq 7 7 AydesBoyaiq yoIeas 7
¢aAIeIuenb
SOA pUe pauLap-{lam £SUOISSIWB O
9552115 DY 59559115 S}l

N

J30npoud auysq

& paulyap-{am
SOA Jeonpoud ayy
SI

130NpOlq
04m

woJy paulsp
3q Jaonpoud

aup ued

FOEINC:ET]
Bunsixs ayy Jo
aJow Jo auo ybnouyy
193.1pul JaAIR3RI 0}
53115 S|

¢ JUN0dde OJu
uaXR) U3aq Apeale
JNI3391 3} SeH

3UOYM 0

— T+
183081 PaULS "
— 18331 pauljeq — ulewop-qns pauyaq ulewop-gns 't
— ulewop-gqns
ppY
, ||
JUsBWIPaS PEITERE] !
J23em ay
-]10S PPy 7
Knus
ewop s o oo
SI3AIR031 Diseg HELLIOP ! MBU 3pnjaul 03 3y
uiq ulewop-gns mau ajea.;
Aressaoou 41 'q utewop-g heaD UleWOp-gns Ajipow
Atessadau JI
¢urewop-gns urewiop-gns
Bunsixe yIm Bunsixa yIm
saijeuoLuwiod buoas SaMIeuoWWod buons
UIeWop-gns seq UIBLIOP-GNS M3U SeH
1063380 JoAIRIRI
MaU 8)ear)

ulewop-qns [e2160] MaU Yoea 104

sufewop-gns [ed160]
MaU uj ajesedas pue
saouRJaYIP AJjuspr

¢snoauabowo
Ajleuoiouny

60| ‘Ajleanonas
UIBWOp-qns ST

UleWop-gns pajels Ajjuapl

(urewop-qns)
CUBYM-aYy M

¢UIRLIOP [eUIULIR)

J3Uleyu0d Uj
aiqeoyddy

Ssjuswaess ajbuis ul sodwiodsq _|_ juswa)eys pedwi dydesboijqig

terminals

iner

Framework used to explore the potential stresses of contai

Figure 31

Deltares — TU Delft

106 |Page



Appendix C Stresses of container terminal

Pubblication

Statement

"

United Nations. 1992. “Assessment of the Environmental Impacts of Port Development.
https://www.unescap.org/sites/default/files/pub_1234_fulltext.pdf

Air quality consists of two main elements: (a) soct and dust, measured by suspended
particulate matter (SPM), which originate from dry bulk cargo handling and storage,
construction work on land, and road traffic; and (b) concentration of sulfur dioxide (S02)"
nitrogen dioxide (N02), carbon monoxide (CO), and hydrocarbons (HC) emitted from ships,
vehicles and various equipment used for port activities. Harmful substances and odour are
also elements to be considered in this category.. (p. 6-7)

I"_"_"_"_"_"_"_"_"I

Y

Air quality consists soot and &ust, measured by suspended

- =

particulate matter (SPM), which originate from dry bulk cargo handling and storage ‘ Not applicable, Ignore
- Air quality consists of soot and'dust, measured by suspended
I particulate matter (SPM), which originate from construction work on land
- me:n; & | ‘ ., mnnw T S — o ﬁ:\x ‘ mn:;mu«mounm
I Air quality consists of soot and dust, measured by suspended
- particulate matter (SPM), which originate from road traffic
I Road traffic: Inside port area (direct) and outside port area (indirect).
- Stress: Particulate matter
I Cause: port activities (very generic - needs definition)
- Producer: movement of vehicles
I Logical extension: movement of all moving equipment
i Sub-domain: Container terminal activities
I | Cause: search bibliography |
I Gustafsson et al
- Factors influencing PM10 emissions from road pavement wear
I 2009
z m"""‘ m"" | CATEGORY } mmJ FLOW TYPE f|£m| MAIN COMPONENTS OF FLOW | mmm'"" oS ‘| ‘|
Er—ar—E = — [ | | |
Air quality consists of concentration of sulfur dioxide (502)
nitrogen dioxide (N02), carbon monoxide (CO), and hydrocarbons (HC) emitted from ships
Sub-domains:
separate ships logically: ships that operate only in port and ships visiting the port
Stress: combustion gasses
Combustion emissions producer: engines
Unit: Moving units with egnines
Ships have main and auxiliary engines (separate flows)
Extend stress to all sub-domains that have equipment with engines
RECETIOMAREA |+ CATEGORY || PRODUCER-RECEIVER FLOW TYPE - hm_l MAIN COMPONENTS OF FLOW o [ LTI
swre e wain engines Combustion gasses our | nox sox, €0, oz PM,vOc, He, odours other | Near port ar
sHip Energy production Jrp— Combustion gasses our NG, SO, €0, €02, PM, VO, HC, odours; ather | In port air

T [S— Combustion gasses T — — ar

=

sonrvesseL | energy procucton.|suengines Combustion gses BT | w0, 50, c0,co%, P, v0E, e, adours ather_|mport wr

CONSTRUCTION SITE All equipment Engines Combustion gasses out NOX, SO, €O, COZ, PM, VO, HC, odours; ather Inport arr

o aneRcrs | vord caupment engnes Combustion gses BT | o, 50, c0,co%, v, vor, e, adours ather | npor ]

NoARchors | vaabuidng | TeTESIUrEcniel Combuttion gasses ut | on,son, co,con o, voc, ue,scourscther | inpon i

o e s p— s T E— Ut | Nom, 507, 0,0, 11, O, HE, cdmur s | imper

LAND AREA OPS Yard cars Engines Combustion gasses our NOx, 50x, €O, CO2 PM, VOC, HC, odours; other In port Air

o aneAcrs | Commute/iist [ Combustion asees OUT || 0, 50m, €0, O, 10, VO, W, cdtour ther_[outoide prd

LAND AREA OPS Intermodality trucks. Engines Combustion gasses our NOx, $0x, CO, CO2, PM, VOC, HC, odours; other  |Outside port] Air

LAND AREA OPS Intermodality trains Engines Combustion gasses our NOx, 50x, €O, COZ, PM, VOC, HC, odours; other  |Outside port] Arr
I-..—..—..—..—..—..—..—u'

Air quality consists of concentration of sulfur dioxide (502)
nitrogen dioxide (N02), carbon monoxide (CO), and hydrocarbons (HC) emitted from
various equipment used for port activities.

T T

Harmful substances and odour are Suspend until clarification
also elements to be considered in this category

Already covered, Ignore

From other reference of the same pubblication |

Emissions of dust from bulk cargo handling and gasses
from cargo handling equipment can be sources of g

o0
Liquid cargo handling may result in thegElgase of vapour

during the cleaning of storage tanks and by [DETEEatnE]
system for ambient temperature changes. "
of gasses may cause problems such as toxic material emission,expi
fumes, odours and hazardous airborne emissions.
Waterfront industries may release various kinds of gasses and
can be major sources of air pollution and odour. (p. 17)

m - CATEGORY | PRODUCER-RECEIVER FLOW TYPE c @mm MAIN COMPONENTS OF FLOW - m M"“Em"! mEE e
ALL L-5-E-A-C -Varluus Gasses out Various harmful/hazardous gasses Air
AL L-S-E-A-C Various Gasses our Flamable gasses Air
AL L-5-E-A-C Various Gasses out Odours Air

Figure 32: Example of the application of framework to explore the potential stresses of container termin

Deltares — TU Delft

107 |Page




Appendix C Stresses of container terminal

C2. Main literature sources
The main bibliographic sources regarding the port stresses were:

PORTOPIA - The European Port Industry Sustainability Report 2016 (PORTOPIA 2016); Ecoports,
Sustainability Report 2017(ECOPORTS 2017); World Bank, Technical Paper n. 126, Environmental
Considerations for Port and Harbour Developments (Davis, MacKnight, and IMO Stuff 2000); United
Nations, Assessment of the environmental stresses of port development (United Nations
1992);(Trozzi and Vaccaro 2000); Port of Antwerp, Sustainability Report 2017 (Port of Antwerp 2017);
Port of Rotterdam Environmental Review System (PERS) report 2015 (Port of Rotterdam 2015a);
various Port of Livorno EnvironmentalStatements(Autorita’ Portuale di Livorno 2016), (Autorita’ di
Sistema portuale del Mar Tirreno Settentrionale 2018); Port of Livorno Strategic
EnvironmentalAssessment (VAS), 2013 (Autorita’ Portuale di Livorno 2017, 2013); Port of Piraeus
PERS Environmental Statement 2016 (Piraeus Port Authority 2016);and many other EIA studies of
ports worldwide.

Additionally, for various port-city related issues the bibliographic sources were:(Urbanyi-Popiotek and
Klopott 2016), (Trachtenberg School of Public Policy and Public Administration, George Washington
University et al. 2018), (Bottasso et al. 2013), (Rodrigue, Comtois, and Slack 2013),(Kelty and Bliven
2003), (Longcore and Rich 2004), (Cicerali, Kaya Cicerali, and Saldamli 2017).

For the ships' stresses the main bibliographic sources were: Environmental Effects of Marine
Transportation (Walker et al. 2018); EMSA/OP/02/2016, The Management of Ship-Generated Waste
On-board Ships, (CE Delft 2017); MARPOL 73/78 with updated annexes, regulations and MEPC
resolutions (“Pollution Prevention” n.d.); AFS Convention, 2001(“International Convention on the
Control of Harmful Anti-Fouling Systems on Ships (AFS)” n.d.); Bio-fouling, IMO (“Biofouling” n.d.);
Ballast Water Management Convention (BWM)(“Ballast Water Management” n.d.); Air emissions of
ships, (Guerrero 2015) and (Scarbrough, Wakeling, and Tsagatakis 2018); ship noise: IMO (“Noise”
n.d.), (Danish Environmental Protection Agency 2010) and (Badino et al. 2012); ship strikes (Australian
Marine Mammal Centre n.d.)and (NOAA Fisheries 2018); Port State Control: Directive 2009/16/EC
"Port State Control" implementing the (1982) Paris Memorandum of Understanding on Port State
Control (Paris MoU); Port reception facilities: Directive 2000/59/EC Council on port reception
facilities for the delivery of waste from ships; Proposal for a Directive of the European Parliament and
of the Council on port reception facilities for the delivery of waste from ships, repealing Directive
2000/59/EC and amending Directive 2009/16/EC, 2018, Commission Staff Working Document,
Strasbourg, 16.1.2018SWD(2018) 21 final; (Port of Tallinn 2017), (Port of Rotterdam 2015b).

For the construction phase, apart from all the aforementioned EIAs (Environmental Impact
Statements) that also comprised the construction phase stresses, the USEPA, Measuring Construction
Industry Environmental Performance, 2007(US EPA 2007), the OSPAR Guidelines for the Management
of Dredged Material at Sea, 2014 (OSPAR commission 2014) and the website www.european-
dredging.info(“EuDA - Home” n.d.) were also consulted.
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Appendix C Stresses of container terminal

Cataloguing the container terminal’s direct impacts

Container Ship’s and port vessel’s Impacts
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Appendix C Stresses of container terminal
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Appendix C Stresses of container terminal

Construction- Maintenance — Expansion — Existence Impacts

Jlwouo3/Eanos iy /105 131em wod u) F1EVL SNOISITTOD-STTIdS-SLNITIDDV MIIA 1no SNOEWA salyage ||y saninlpe ||y 3115 NOILDNHLSNOD
SJU3WIpas-|I0s wod ap1sing |ELI31ELU SNOQUBZEY UON 1no Suidwnp eas uado |2ua3ew pasdpaig ulseq Hod SuiSpaua TJUNLINYLSTHAN] LHOd
swaisAsoag wod apising |ELR1EW SNOPIBZEY UON 1no Suidwnp eas uado |euaew padpaag uiseq uod Su18paug IUNLINYLSYHANI 180d
I wod uj |ELIZ1EL SNOUBZEY UON 1no |esodsip [pusew pafpaig ulseq Hod SuiSpaug JUNIDINYLSTHANI 1HOd
Dey JuawaSeuew ajeudosddy wod u) [EUalEW snoplezey 1no |esodsip |[guaiew pagpaug uiseq uod Su18paug JUALDNYLSTHANI 180d
FEL-TTY wodisap SIUILWIP3s 40 uolsuadsnsay 1no suoniesado SuiFpaug uiseq uod Su18paug IUNLINYLSYHANI 180d
swa3sAso13 nodigap a8ewep [e215hyd 1no suoiesado SuiSpa4g ulseq Wod EMIEEN] JHALINELSYHAN] 1HOd
JILWOUD3I3-0005 wodieay auasauad [=315Ayd 1no Jalueqo-und puedn SIAMNASERUL || S3JMaruLsEIgU| IMNLNYLSTHAN] 1H0d
JILWOUDI3-0005 podieap sauasaad |=1sAyg 1no Jalaeq 235 SIUAMINASEIUL ||y S3UMITULSRISU| JHNLINHLISYHAN] 140d
SBWIpas-|o odiea 0dSUBIL WWALIPAS - 5IUAIIND -53AE, sassanoud |E1sE0 L SANPNASEIU] SULE
w 1pas-|1os H N H 1y Ipas - 51 al M 1no |23 al eas-simemialg pnasedul HEA | JHNLONYLSYHANI Ld0d
JIWOU0I3-000 odiea 0dSUBIL WWALIPAS - 5IUAIIND -53AE, sassanoud |E1sE0 L SANPNASEIU] SULE
! pos u N H 1y Ipas - 51 al M 1no |23 al eas-simemialg pnasedul HEA | JHNLONYLSYHANI Ld0d
s d o q SUONELIED3)
SWa3sAs 0T odiea 0dSUBIL WWALIPAS - 5IUAIIND -53AE, sassanoud |E1sE0 UNPNIsEIUl SULE
¥ z| u N H 1y Ipas - 51 al M 1no |23 al eas-simemiealg pnaseiul HEA | JHNLONYLSYHANI Ld0d
IESET wod uj UORE|NIIDISIEM S, UISE] 1no L0 113MJ1sq0-U0 1123 1P oy BEFEEEENE BECEEEEEE] IMNLNYLSTHAN] 1H0d
JILWOUDI3-0005 wodieay auasaud [=a1sAyd 1no aSeLep-aunssald UNPINJISELIUI Wod  |UOIPMISOOo JWOIHSIEA | IHNLDNYLSYHAN] 1H0d
S1UAWIP3S-|I05 wvod uj SpI|os sNOLEA Ml splos ulseq uod s3p0-uni pue|dn FHNLONYLSYHANI LHOd
J31EM wod uj 5p1|0s pan|osip - spibl|snouea isuagoyled NI spinbn ulseq Hod s5330-unJ pue|dn FHNLONYLSYH4NI 1H0d
JIWouD3Ia-0p0s wodisap SuiAdniag - Suuaaod/Sul 1no afeweg UNIINJEELU] Lo g uonewe| DAl Bas/pue] | IUNLDNYLSYHANI LHOd
s q SaUNIINJISEILU] q ] ]
SWa3sAs 0 odiea uo112dna130 B34S pUE|/3WN|0A 23 2UNIINIISEIIU] WO UOELWE |3 B35 /pue
. d H N auuEw Jay0 ispiehisialemyealq Isiald e H puEl/ I s Pndisedul Hod e | JPUET | FHNLONELSYHANI LHOd
14an vodiean suooyd/s1uauodLuod 1USLWIPas SNOLUEA 1no vodsueil pue uolsuadsnsal JUsLWIpas SNOUEN S3I1IAI10E BULIEW 3115 NOILDNELSNOD
IESET wodieay S1UaUOdLIOD JUSLIPas SNOUEA 1no vodsu=ll pue UoIsUadsnsal IUSLWIPaS SNOLEM S3ILIAIIIE SULIEW 3115 NOILDNELSNOD
JILWOUD3I3-0005 wodieay |auuosiad NI PUELLI3P 310/ suoedado J1su0) JuaWAo |dw3 3115 NOILDNELSNOD
sa31|1Pe uaWie a1 Ayn /uod wod uj J31EM (g 1no sFemag 533|103 'saulE] JejuoiIUIsUO] | 3LIS NOILDNELSNOD
sa13112e 1uawieaiy Ayn /uod wod uj a31em Aaug 1no afemag 13430 IsyuIS 131]1984 UOI3INU3sSUOD | 3115 NOILDNHELSNOD
uod u) Apuna)a NI Aiddns paua3 SNoUEA wawdinba ||y 3115 NOILDAYLSNOGD
Hod uj snouep NI s|edayew 3ul||i4 SNoMEH LIS NOILDNELSNOD
wvod uj snouEA 1no S|2U31ELW U0I3|0LW3P SNOpJEZEL-UoN snouEA sapInDeE ||Y 3115 NOILINYLSNOD
e} JuaLWaFeus W a1edoaddy wod uj ERITETY 1no S[ELI1ELL UOIL|OLWSP SNOPIEZEH SNOUEN S3NIAIDE |7 3115 NOILDNELSNOD
wod u) snouep NI S|EH33ELW UD13INI3sUa] SNoUEH saninlpe ||y 3115 NOILDNHLSNOD
wod u) SNOUEM NI sped sieds/|eUa1eW 2JUBLSIUIEY ELEIFES wawdinba ||y 311 NOILDNYLSNOD
vod u) 13430 'O N1 [|2521p f|0sad NI |=nd sauIsu3 S3RINDE || 3115 NOILONHLSNGD
Je4 uondaday vod u) sMO|} paieiedas -snouep, 1no IBEMIALIO SNOUEA sRIMDE ||y 3115 NOILONHLSNOD
224 uondaday uod u) sMmo|) pateledas -snouep, 1no adeqien snoues S3LIAIDE ||y 31IS NOILDMYLSNOGD
E As
oe4 uondaday wod u) s|guaewWw A0 1no asem Ao JEUIE SRS wawdinba |y 3LIS NOILONYELSNOD
JjAmipAy fsauSug
o Jayio siadaag
}sNod odu SSAEM pUND: asio sanAIpe
I v H | p S 1no 1o Isswanow SawSug Blalpe |y 3115 NOILDNHLSNOD
wan wod uj 5U0104d/S|EI31BL J3Y30 - JB31eW 31e|MiLed 1no 1Y51|fs|2lu31eW 3500] - 315na snouep S3LIAIDE ||y 31IS NOILDMYLSNOGD
Sjualipas-|os wod u) 5|2 433ELU JILI0 - JIRELW 32| NIHEg 1no S|EUS33EW 3500| - 1507 SNOMER S3RIAIPE Y 3115 NOILDNHLSNOD
131BM wod uj S|2LIS1ELW 13410 - J3NEL 318 |nJIued 1no S|EU21EW 3500 - 1507 Snouep SINIAIDE || 3115 NOILONHELSNOD
any wvod u) FERCINECINETRVEN 1no s|2U23EW 3500 - 15NQ SNOUEA sRIMDE ||y 3115 NOILONHLSNOD
diy wod uj 1310 IIn0po JH D0 Nd 'Z0D "0 X0S XON 1no 535565 UOIISNGLUOD EETENTE] wawdinba |y 31IS NOILDMYLSNOGD
WALSAS/INNIdIN 1dod NOLDFHIa VIHY NOILdIDTH
MOT4 40 SININOJINOD NIVIN IdAL AMOTH HIAITDIH-HIDINA0HL AHOB31IYD
Ad3HIgoW 1o NOLLYNLLS3A OLNOLYI3d MOTH - NOILDNAOodd

Deltares — TU Delft

111 |Page



Appendix C Stresses of container terminal
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Appendix C Stresses of container terminal

Terminal area activity Impacts
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Appendix C Stresses of container terminal
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Appendix C Stresses of container terminal

Spills — Leaks- Accidents — Collisions Impacts
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Appendix D

Definition of elements of PSAF

D1. Planet elements
From the latest PORTOPIA report (The European Port Industry Sustainability Report 2017), the top
10 environmental priorities of the European port authorities have been examined and comply
with all the Planet themes that are presented below.

The Planet (environmental) themes chosen are:
e Air quality
e Water consumption
e  Water column quality
e Sediment quality

Noise

Energy consumption

In the following sections will follow a description of each of those themes along with the definition
of the preliminary operational objectives and the indicators linked to them. Subsequently, the
guantitative state concept will be defined and as a consequence, the final operational objectives will
be determined.

Table 20: Sources that produce emissions to the air medium

D1.1 Air quality
Filtering the medium column of the worksheet 'Total flows', the various activities that are affecting
the air quality are presented (Table 20).

PRODUCTION - FLOW RELATION |DESTINA
CATEGORY PRODUCER-RECEIVER FLOW TYPE MAIN COMPONENTS OF FLOW
RECEPTION AREA DIRECTION TOPORT | TION (-T
Incinerator gasses:
Various gasses. LIMITS: CO <200 mg/MJ; soot
SHIP Incinerator Ship Incinerator Incineration gasses ouT number< Bacharach 3 or Ringelman 1 (20% opacity); | Open sea Air
Unburned components in ash residues maximum 10%
by weight
P Ision- E
SHIP rop:r:dounctio:ergy Main engines Combustion gasses ouTt NOx, SOx, CO, CO2, PM, VOC, HC, odours; other Near port Air
SHIP Energy production Aux engines Combustion gasses ouTt NOx, SOx, CO, CO2, PM, VOC, HC, odours; other In port Air
Propulsion - Energy [ . : i
PORT VESSEL ducti Main engines Combustion gasses ouTt NOx, SOx, CO, CO2, PM, VOC, HC, odours; other Near port Air
production
PORT VESSEL Energy production |Aux engines Combustion gasses ouTt NOx, SOx, CO, CO2, PM, VOC, HC, odours; other In port Air
ICONSTRUCTION SITH  All equipment Engines Combustion gasses ouT NOx, SOx, CO, CO2, PM, VOC, HC, odours; other In port Air
ICONSTRUCTION SITH  All activities Various Dust - loose materials ouT Particulate matter In port Air
LAND AREA OPS Yard equipment Engines Combustion gasses ouTt NOx, SOx, CO, CO2, PM, VOC, HC, odours; other In port Air
Te t trol
LANDAREAOPS |  Yard building em’;:ji::e;ot" " Combustion gasses out NOX, SOx, CO, CO2, PM, VOC, HC, odours; other In port Air
LAND AREA OPS Yard truck Engines Combustion gasses ouT NOx, SOx, CO, CO2, PM, VOC, HC, odours; other In port Air
LAND AREA OPS Yard cars Engines Combustion gasses ouT NOx, SOx, CO, CO2, PM, VOC, HC, odours; other In port Air
LAND AREA OPS Commute/Visit Engines Combustion gasses ouT NOx, SOx, CO, CO2, PM, VOC, HC, odours; other  [Outside port|  Air
Int dalit
LAND AREA OPS " etrmok ity Engines Combustion gasses ouTt NOx, SOx, CO, CO2, PM, VOC, HC, odours; other  [Outside port|  Air
rucks
LAND AREA OPS [Intermodality trains Engines Combustion gasses ouTt NOx, SOx, CO, CO2, PM, VOC, HC, odours; other  [Outside port|  Air
LAND AREA OPS | All movesinyard Yard pavement Dust ouT Particulate matter In port Air
ALL L-S-E-A-C Various Gasses ouT Various harmful/hazardous gasses Air
ALL L-S-E-A-C Various Gasses ouT Flamable gasses Air
ALL L-S-E-A-C Various Gasses out Odours Air
ALL L-S-E-A-C Various Dust - loose materials ouTt Particulate matter (PM) Air
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From Table 20 it can be concluded that the combustion gasses from the auxiliary engines of
container ships and feeder vessels, the emissions from equipment during eventual construction,
maintenance activities, combustion gasses from the engines of the yard equipment, the yard and
intermodal trucks, as well as the intermodal train, produce emissions affecting the air medium.
Additionally, suspended dust from the yard pavement is also taken into account.

Additionally, even though this would be considered an indirect effect to the air quality, it would be
worth observing the flows of fuel entering the container terminal domain to be used by ships,
various activities during construction, yard equipment, trucks and cars used in the yard as well as
bunkering (Table 21). With the exception of bunkering and container/feeder ship fuel supply (that
are the same), the rest of the flows of fuel corresponding to combustions inside the port area.

Table 21: Flows of fuel that enter the Container Terminal domain

R:ESFEFTSIII(::E-A CATEGORY PRODUCER-RECEIVER FLOW TYPE T DI;IE-;"IIVON MAIN COMPONENTS OF FLOW
SHIP Bunkering Ship operations Fuel supply IN Various types of fuel
PORT VESSEL Bunkering Ship operations Fuel supply IN Various types of fuel
ICONSTRUCTION SITH All activities Engines Fuel supply IN Petrol; diesel; LNG; other
LAND AREA OPS Yard equipment Various Fuel supply IN Petrol; diesel; LNG; other
LAND AREA OPS Yard truck Operations Fuel supply IN Petrol; diesel; LNG; other
LAND AREA OPS Yard cars Engines Fuel supply IN Petrol; diesel; LNG; other
LAND AREA OPS Bunkering Refueling facilities Fuel IN Various fuel types
D1.1.1 Preliminary operational objective

» The concentration of harmful components in the air medium should not exceed levels that
can harm the environment or the living conditions.
» The fuel consumption of the container terminal should be lowered.

D1.1.2 Indicators
The indicators chosen to express in detail the theme of air quality and to monitor the achievement
of the operational objective are presented below:

e Air quality standards (NO2, CO, SO2, PM10)
e (CO2 footprint
e Fuel consumption (and the ratio of fuel consumption over the total container units traffic)

Those indicators are defined using Table 20 and Table 21. The combustion gasses that are the main
outflow in the medium of air are comprised of the air quality standards that are mentioned in the
above list.

The CO2 emissions are decided to be considered as a separate indicator since it represents the
biggest share of the greenhouse gases (GHG). "Carbon footprinting of container terminals is not yet
mandatory but recommended”, writes Professor Jens Froese from the Global Logistics Emission
Council (GLEC).

The fuel consumption, even if indirectly, can be used to reflect upon the air quality level of the
container terminal entity.

D1.1.3 Thresholds/ Target values
Air quality standards (NO2, CO, SO2, PM10):
From the “Standards - Air Quality - Environment - European Commission” The standards are found.

e SO2: 350 pg/m3 1 hour - 125 pug/m 24 hours
e NO2: 200ug/m3 1hour - 40 pg/m3 1 year

e  CO: 10 mg/m3 maximum daily 8-hour mean

e  PM10: 50 pg/m3 24 hours - 40 pg/m3 1 year
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Carbon footprint
Over a period of five years, CO2 emissions must fall by 10% (this target was achieved from the Port
of Rotterdam from 2012 until 2017).

In the European Union, a strong variability exists on several techno-economic parameters, for
instance, the composition of the electrical mix. This is evident especially regarding policies
promoting electric vehicles: the GHG savings that derive from the use of electric instead of internal
combustion vehicles may vary for each Member State, and it depends on the average carbon
footprint of the electricity mix which is produced nationally or regionally (Moro and Lonza, 2017).
Therefore, the threshold that was defined above referring to a percentage cannot be translated into
the same volume of CO2 emissions for each country.

Fuel consumption

In the Recommendations Manual for terminals by Froese, Toter, and Erdogan 2014, it is indicated
that through the use of hybrid technology (diesel-electric) and energy recuperation it was proved
that the total operations' energy consumption can be reduced up to 45%. Furthermore, there are
other existing measures that can be also adopted, for example, the use of start-stop engines
technology to all diesel equipment, which could permit a further reduction of fuel consumption
between 10 — 15%; the use of alternative fuels and power sources like fuel cells, hydrogen fuel and
LNG.

Based on the aforementioned Manual, the fuel consumption should be reduced by more than 20%
in the next 5 years.

D1.1.4 Final operational objectives
Considering the information given by the quantitative state concept, the operational objectives that
were set in the previous steps are amended to:

e The concentration of air pollutants should be lower than the standards defined by the
European Commission.

e Over a period of five years, CO2 emissions must fall by 10%.

o The fuel consumption should be reduced by more than 20% in the next 5 years.

D1.2 Soil- sediment quality and quantity
Filtering the medium column of the worksheet 'Total flows', the various activities that are affecting
the sediment quality and the coastal morphology are presented (Table 22).

Table 22: Sources that produce flows that cause stresses in the soil and the sediment

PRODUCTION FLow RELATION DES;;';‘;;'E: -
RECEPTION ARE-A CATEGORY PRODUCER-RECEIVER FLOW TYPE D:';ENCT MAIN COMPONENTS OF FLOW 70 PORT MEDIUI\MII /SYSTE

E{

SHIP Ship hull Ship hull Anti-fouling out Antifouling paint components Near port | Soil-Sediments

PORT VESSEL Ship hull Ship hull Anti-fouling OUT |Antifouling paint components Near port Soil-Sediments
CONSTRUCTION SITE All activities Various Dust - loose materials out Particulate matter - other materials In port Soil-Sediments
PORT INFRASTRUCTURE | Upland run-offs Port basin Solids IN Various solids In port Soil-Sediments
PORT INFRASTRUCTURE Marine infrastructure Brreeaclr;zir;ssea Coastal processes out Waves- Currents - Sediment transport Near port | Soil-Sediments
PORT INFRASTRUCTURE Dredging Port basin ged material open sea dun| OUT Non hazardous material Outside port| Soil-Sediments
LAND AREA OPS Yard run-offs Yard pavement Solids out Various solids In port Soil-Sediments
ALL L-S-E-A-C Various Various ouT Various harmful/hazardous deposits Soil-Sediments

The container ships’ and feeder vessels’ anti-fouling components can affect the sediment quality.
During the eventual construction activities, dust-loose materials from the construction site could be
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suspended, resulting in the water body and consequently in the soil. The upland run-offs, as well as
the yard run-offs, can carry solids that will end up in the soil, causing deteriorations of the quality.
Last but not least, the category of Spills-Leaks-Accidents and Collisions is also affecting the sediment
quality via eventual deposit (harmful or hazardous).

D1.2.1 Preliminary operational objectives
The concentration of harmful components in the sediments should not exceed levels that can affect
ecosystems.

D1.2.2 Indicators
e Presence of heavy metals
e Qil concentration

For the definition of the indicators, the most important elements of the general components
mentioned in Table 24 were traced from the Work Package 2.2: Environmental Monitoring Systems
in European Ports from the Med Maritime Integrated Projects - Mermaid, 2015, which specifically
refers to the port of Piraeus and Livorno.

As far as the definition of the heavy metals, it is stated in the OSPAR Guidelines for the Management
of Dredged Material at Sea (OSPAR COMMISSION 2014) the following trace metals should be
determined in all cases: Cadmium (Cd), Copper (Cu), Mercury (Hg), Zinc (Zn), Chromium (Cr), Lead
(Pb), Nickel (Ni).

D1.2.3 Thresholds/ Target values

Heavy metals
As also refers the ECOPORT 8 2012, the most apt European legislative instrument that deals with soil

contamination prevention and management (until the Soil Framework Directive implementation) is
the Landfill Directive (Council Directive 1999/31/EC).

The limit values for non-hazardous waste are presented in the Official Journal of the European
Communities 2002b‘Establishing criteria and procedures for the acceptance of waste at landfills
pursuant to Annex Il to Directive 1999/31/EC’. The limit values refer to:

"granular non-hazardous waste recognized in the same cell as stable, non-reactive hazardous

waste, calculated at L/S = 2 and 10 I/kg for total release and directly expressed in mg/| for CO
(in the first eluate of percolation test at L/S = 0,1 I/kg). The granular wastes contain all wastes
which are not considered monolithic. Member States should define which the corresponding
limit values they will use".

Source: (Annex Il to Directive 1999/31/EC)

Calculated at L/S= 2 I/kg for total release
e Cadmium (Cd): 0.6 mg/I
e Copper (Cu): 25 mg/l
e Mercury (Hg): 0.05 mg/I

Zinc (Zn): 25 mg/I

Chromium (Cr): 4 mg/I

Lead (Pb): 5 mg/I

Nickel (Ni): 5 mg/I

Oil concentration

As stated in the (Ministerie van Volkshuisvesting Ruimtelijke Ordeningen Milieu 2000): Dutch targets
and intervention values. These values, for the soil, are presented in mg/kg dry matter and they are
widely used. The threshold for PAHs is 40 mg/kg dry (Table 23)
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Table 23: Polycyclic aromatic hydrocarbons (PAH)

IV Polycyclic aromatic hydrocarbons (PAH)

PAH (sum 10) %™ 1 40 -

naphthalene 0. 70
anthracene 0.0007* 5
phenatrene 0.003* 5
fluoranthens 0.003 1
benzo(a)anthracene 0.0001* 05
chrysene 0.003* 0.2
benzo(a)pyrene 0.0005* 0.05
benzo(ghijpendene 0.0003 0.05
benzok )fluoranthens 0.0004* 0.05
indeno(1,2,3-cd)pyrens 0.0004* 0.05

D1.2.4 Final operational objectives

Considering the information given by the quantitative state concept, the operational objectives that
were set in the previous steps are amended to:

e The heavy metals concentration in the sediment of the port basin should be less than the
values that are defined in Annex Il to Directive 1999/31/EC.
e The oil concentration in the soil should be less than 40 mg/kg dry.

D1.3 Water quality
Filtering the medium column of the worksheet 'Total flows', the various activities that are affecting
the water quality are presented (Table 24).

Table 24: Sources that produce flows to the water medium

PRODUCTION - FLOW RELATION (DESTINATION
TEGORY PRODUCER-RECEIVER FLOW TYPE MAIN COMPONEN F FLOW
RECEPTION AREA CATEGO opuc ¢ 0 DIRECT COMPO TS OFFLO TO PORT | or MODIFIE -7
. ) Toilets; latrines; Sewage Marpol 73/78 Annex IV:
Ship drainage . .
SHIP system washing machines; Sewage out Black and grey waters Open sea Water
Y other Minimum pathogens - other
SHIP Ship hull Ship hull Anti-fouling ouT Antifouling paint components Near port Water
Ballast water treated - BWMS approved (BWM -
SHIP Ballast tanks Ship ballast Ballast tanks OuT | 2017) Minimum | Open sea Water
presence of species
PORT VESSEL Ship hull Ship hull Anti-fouling OUT |Antifouling paint components Near port Water
CONSTRUCTION SITE All activities Various Dust - loose materials ouT Particulate matter - other materials In port Water
CONSTRUCTION SITE Marine activities Various ent resuspension and trar] OUT Various sediment components Near port Water
PORT INFRASTRUCTURE |  Upland run-offs Port basin Liquids IN Pathogens; various ligids - disolved solids In port Water
PORT INFRASTRUCTURE Breakwaters Breakwaters Modification-obstruction| OUT Basin's water circulation In port Water
PORT INFRASTRUCTURE Dredging Port basin Dredging operations ouT Resuspension of sediments Near port Water
LAND AREA OPS Yard run-offs Yard pavement Liquids out Various liquids - disolved solids In port Water
ALL L-S-E-A-C Various Various ouT Various harmful/hazardous substances Water
ALL L-S-E-A-C Various Various ouT Oils - fuels Water
ALL L-S-E-A-C Various Various out Oily wastes Water
ALL L-S-E-A-C Various Various out Pathogens Water

The container ships’ and feeder vessels’ produce flows to the water medium through sewage, anti-
fouling and ballast tanks. During the eventual construction activities, dust-loose materials from the
construction site could be suspended and result in the water body. The quality of the sea water
column can be affected as well from upland run-offs in the port basin (inflow) as well as yard run-
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offs. Additionally, dredging activities cause suspension of sediment and the existence of breakwaters
also affects the circulation of water and the sediment transport in the port basin. Last but not least,
the category of Spills-Leaks-Accidents and Collisions is also affecting the water quality via the
eventual liquid flow of substances (harmful or not), oils-fuels and pathogens.

D1.3.1 Preliminary operational objective
The concentration of harmful components in the sea water body should not exceed levels that can
harm the ecosystems.

D1.3.2 Indicators
e Ecoli/ Intestinal enterococci
e Heavy metals
e Transparency-turbidity
e Qil concentration

For the definition of the indicators, the elements that are monitored as far as water quality were
traced from the Work Package 2.2: Environmental Monitoring Systems in European Ports from the
Med Maritime Integrated Projects - Mermaid, 2015, which specifically refers to the port of Piraeus
and Livorno.

D1.3.3 Thresholds/ Target values
Intestinal enterococci and E.coli
Based on Annex | to Directive 2006/7 in Greece the threshold for excellent quality of waters is 500
cfu/100 ml and 200 cfu/100ml for the Intestinal enterococci and E.coli respectively.

Heavy metals
Based on Annex Il of the amended Directives 2000/60/EC and 2008/105/EC (31.1.2012) from the

European Commission the limits of the heavy metals in the seawater are defined as:

Mercury (Hg) < 0,07 pg/I
Nickel (Ni) < 34 pg/I
Cadmium (Cd) (depending on water hardness classes)
e <0,45pg/l (Class 1)
e 0,45 pug/l (Class 2)
e 0,6 ug/l (Class 3)
e 0,9 ug/l (Class 4)
e 1,5ug/l (Class 5)
Lead (Pb) < 14 pg/I

Oil concentration
The maximum concentration should be 200 pg/L (Source: Neff 1979)

Transparency/turbidity
From the study of Giuseppe Magazu, 1978: Methods of study of the plankton and of the marine
production a depth of 8m of Secchi disk depth approximately is considered adequate.

D1.3.4 Final operational objectives

Considering the information given by the quantitative state concept, the operational objectives that
were set in the previous steps are amended to:

e The concentration of Intestinal Enterococci and E.coli should be below the levels indicated

by each country's Directive.

e The heavy metals should be lower than what is defined by the European Commission

e The oil concentration should be less than 200 pg/L.

e The water transparency should be good, indicated with 8m of Secchi disk depth.
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D1.4 Water consumption
Filtering the medium column of the worksheet 'Total flows', the activities and operations that are
requiring a supply of water are presented (Table 25).

Table 25: Water supply that is required in the Container Terminal domain
PRODUCTION - FLOW
RECEPTION AREA CATEGORY PRODUCER-RECEIVER FLOW TYPE | DIRECTION
SHIP Ship general Ship operations Fresh water supply IN
PORT VESSEL Ship general Ship operations Fresh water supply IN
LAND AREA OPS Yard building Water outlets Water supply IN
LAND AREA OPS Vegetation Flora Irrigation IN

Freshwater supply is needed for the various ships operations as well as for the terminal buildings.
Regarding the eventual vegetation that may exist in the terminal area, the water for irrigation could
derive from the treated grey waters that are produced from the various port operations.

D1.4.1 Preliminary operational objectives
The water consumption should be optimized according to the traffic of the container terminal, using
the treated grey waters where applicable.

D1.4.2 Indicators
e The volume of fresh water consumed from terminal building and operations (possibly
divided by the port calls and the number of employees)
e The ratio of the volume of reuse of treated greywater and total required volume of water.

The above-mentioned indicators will contribute to the monitoring of the target set by the
operational objective, through the optimization of the freshwater consumption and increase of
reuse of the treated grey water.

D1.4.3 Thresholds/ Target values
There is no specific threshold for the indicators that were specified in the previous subchapter.
There should be a continuous effort from the container terminal to reduce water consumption.

D1.4.4 Final operational objective
The quantitative state concept did not contribute on the amendment of the preliminary operational
objective. Therefore, the preliminary operational objective will be maintained:

e The water consumption should be optimized according to the traffic of the container
terminal, using the treated grey waters where applicable.

D1.5 Noise
Filtering the medium column of the worksheet 'Total flows', the various activities that are affecting
the sediment quality are presented in Table 26.
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Table 26: Sources that produce noise that cause stresses in the acoustic environment

FLOW DESTINATION or
PRODUCTION - MAIN COMPONENTS OF RELATION MODIFIED
CATEGORY PRODUCER-RECEIVER FLOW TYPE DIRECT
RECEPTION AREA 1ON FLOW TOPORT | MEDIUM/SYSTE
M X
Propulsion - Ener; Engines, fans. Other
SHIP P . &y & R Noise out Sound waves Near port Acoustic
production equipment
Propulsion - Energy [Engines, fans. Other ) .
PORT VESSEL i i Noise ouT Sound waves Near port Acoustic
production equipment
Engines; movements; . .
CONSTRUCTION SITE All activities & Noise out Sound waves In port Acoustic
beepers; other
) Engines; movements; . .
LAND AREA OPS Yard equipment Noise out Sound waves In port Acoustic
beepers; other
Various buildin
LAND AREA OPS Yard building ) & Noise out Sound waves In port Acoustic
equipment
Engines; movements; . .
LAND AREA OPS Yard truck Noise out Sound waves In port Acoustic
beepers; other
Engines; movements; . )
LAND AREA OPS Yard cars & Noise out Sound waves In port Acoustic
beepers; other
Engines; ts; . , .
LAND AREA OPS Commute/Visit neines; movements Noise out Sound waves Outside port Acoustic
beepers; other
Intermodality [ Engines; movements; ) ) .
LAND AREA OPS Noise out Sound waves Outside port Acoustic
trucks beepers; other
Engines; movements; . . .
LAND AREA OPS Intermodality trains & Noise out Sound waves Outside port Acoustic
beepers; other
LAND AREA OPS Vegetation Flora Noise reduction out Noise reduction Near port Acoustic

The container ships and the feeder vessels cause stresses in the acoustic environment through their
engines, fans and other types of equipment. During construction, the acoustic medium is affected by
the engines, the movements, the beepers and other equipment. The yard operations increase the
noise levels in a container terminal due to the yard equipment (Gantry Container Cranes etc.), the
yard and intermodal trucks and trains and the yard cars that are creating traffic in the terminal.

D1.5.1 Preliminary operational objective
The levels noise levels in the ports should not constitute excessive noise exposure towards the city
residential area and the staff of the terminal.

D1.5.2 Indicators
The Lden (Day Evening Night Sound Level) will be used as an indicator for the noise levels. Lden is
the average sound level over a 24 hour period, with a penalty of 5 dB added for the evening hours,
from 19:00 to 22:00, and 10 dB added for the night time hours, from 22:00 to 07:00.

D1.5.3 Thresholds/ Target values
In the Greek Government Gazette 293/A/6-10-1981 Article 2 Paragraph 5 it is indicated that the
noise limit in an area that is exclusively industrial is 70 dB(A). In areas that are mainly industrial, the
threshold is 65 dB (A) and in those that prevails both the industrial and the urban element the limit
is 55 dB (A).

The transport noise limit values in Greece, which are set out in the Ministerial Decision 211773/2012
(Official Gazette 367/B'/27.4.2012) are set at 2 metres from the building facade and correspond to
Lden(24 hr) equal to 70 dB (A).

In the Italian Decree of the President of the Council of Ministers (DPCM) 14/11/97 it is indicated that
the noise threshold in exclusively industrial areas is 70 dB (A), in mainly industrial areas 70 dB (A)
and in those that prevails both the industrial and the urban element the limit is 65 dB (A).

D1.5.4 Final operational objective
Considering the information given by the quantitative state concept, the operational objectives that

were set in the previous steps are amended to:
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e The noise levels in the ports should not exceed the limits in areas that are mainly industrial,

defined by each country's Decree.

D1.6 Energy consumption

Filtering the flow type column of the worksheet 'Total flows', the various activities that are requiring

electricity inflow are presented in.

Table 27: Flows of electrical energy that enter the Container Terminal domain

FLOW
PRODUCTION - CATEGORY PRODUCER-RECEIVER FLOW TYPE DIRECTIO
RECEPTION AREA
T N
SHIP Cold ironning Ship operations Electrical supply IN
PORT VESSEL Ship general Cold ironning Electrical supply IN
CONSTRUCTION SITE All equipment Various Electrical supply IN
. Motors; actuators; .
LAND AREA OPS Yard equipment Electrical supply IN
beepers; movement;
LAND AREA OPS Yard reefer plugs Operation Electrical supply IN
o Temperature control .
LAND AREA OPS Yard building . Electrical supply IN
equipment
LAND AREA OPS Yard truck Operations Electrical supply ouT
LAND AREA OPS Yard cars Motors Electrical supply IN
. . Motors; other -
LAND AREA OPS Intermodality trains . Electricity supply IN
eguipment
Wind mills; solar .
LAND AREA OPS Renewable energy Energy production INTERNAL
panels; breakwaters
LAND AREA OPS Cold-ironing Ship berths Electrical supply IN

On the one hand, high electricity consumption in a container terminal might entail that the fossil fuel
consumptions are lower due to switching to electrical cranes and equipment, on the other hand,
excessive electricity consumption has an indirect impact to the wider environment and not
exclusively inside the container terminal domain.

Based on the Table presented above, electricity is consumed by the container ships' and the feeder
vessels' various operations, the equipment used in the construction site, the various yard equipment
(cranes etc.), the yard reefer plugs, the yard building temperature control equipment, eventually the
yard cars and trucks in the case they are electrical, the intermodal trains and last but not least the
cold ironing are considered consumers of electricity.

D1.6.1 Preliminary operational objective
The ratio of electricity consumption to TEUs traffic should be optimized.

The ratio of electricity consumption to fuel consumption should be increasing.
The ratio of energy from renewable sources to the total energy consumption should be increasing.

D1.6.2 Indicators
e Ratio electricity consumption/TEU
e Ratio electricity consumption/fuel consumption
e Ratio energy from renewable sources/total energy consumption

The indicators chosen are closely related to the preliminary objectives that are defined.
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D1.6.3 Thresholds/ Target values

Considering the results of the thesis study of Heij in 2015, he described that a 50% decrease in the
peaks of the electricity demand would be beneficial for the optimization of the terminal's operations
in respect to the cost and the handling capacity. This reduction should be intersected with the
eventual increase of the electrical consumption (switching from diesel) and the cost in which this
shift would be translated to. Therefore, it can be understood that it would not make sense to define
a threshold for this multi-parameter problem and instead a more general operational target will be
set.

D1.6.4 Final operational objectives
The quantitative state concept did not contribute through the introduction of threshold on the
amendment of the preliminary operational objective. Therefore, the preliminary operational
objective will be maintained:

e The ratio of electricity consumption to TEUs traffic should be optimized.

e The ratio of electricity consumption to fuel consumption should be increasing.

e The ratio of energy from renewable sources to the total energy consumption should be
increasing.

Additionally, the following more generalized operational objective is set:

e “Optimize pollution reduction while maintaining a commercially-viable operation that does
not significantly increase costs and waiting times for their customers”.

D2. People elements
The People (socio-economic) themes are:

e Employment opportunities
e Safety levels

Land use charges
Recreation and aesthetics
e Stakeholders involvement
e Traffic congestion

The above-mentioned sustainability themes reflect upon socio-economic matters, rather than
purely social aspects. It is clear, that the interconnection between society and economy is strong. For
instance, the sustainability theme “recreation and aesthetics” is related to the satisfaction and well-
being of the society but also affects the economy by means of tourism and not only. More details
will be found in the following relevant subsection.

In the following subchapters will follow a description of each of those themes along with the
definition of the preliminary operational objectives and the indicators linked to them. Subsequently,
the quantitative state concept will be defined and as a consequence, the final operational objectives
will be determined.

The societal quantitative state concept will be defined only partially since the social elements reflect
on qualitative concepts, however, an attempt will be made to transform them into a more
quantitative concept.

D2.1 Employment opportunities
Filtering the Category column of the worksheet 'Total flows', the activities that are contributing in
the employment opportunities are presented in Table 28.
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Table 28: Activities that create employment opportunities in the Container Terminal

PRODUCTION - CATEGORY PRODUCERAECENER FLOWTIE FLOW | MAIN COMPONENTS OF (RELATIONTO|  DESTINATION or MODIFIED
RECEPTION AREA DIRECTION FLOW 7| PORT MEDIUM/SYSTEM
CONSTRUCTIONSITE | Employment Constr, operations Work demand IN Personnel Near port Socio-economic
LAND AREA 0PS Employment Land operations Work demand IN Personnel Near port Socio-econommic
LAND AREA 0PS Port activities Main function (reation IN-OUT | Value added senvices | Nearport Socio-economic

The various operations that are contributing in the employment opportunities are involved with the
construction site and the land operations but also with the industries that are indirectly related to
the port. In that sense, possible expansions of the yard area, growth of terminal capacity, upgrade of
the rail network and other relevant activities can create additional job positions. The value-added
services can also lead to the creation of employment opportunities. On the other hand, the
automatization of the container terminal can trigger a decrease in employment opportunities in the
container terminal domain.

The creation of employment opportunities is related to the working conditions as well (salary, right
for holiday leave, days off etc.).

Economically, the creation of employment opportunities is related to the GDP rise.

D1.1.1 Preliminary operational objective
The staff of the container terminal should feel satisfied with the working conditions based on the
local economy.

Along with the possible expansion or growth of the port, employment opportunities should be
created not necessarily in the terminal domain, but also in the related industries.

D1.1.2 Indicators
e Staff satisfaction
e Estimation of the workforce directly and indirectly related to the container terminal's
operation
e New job positions through the expansion or introduction of industries that are indirectly
related to the terminal

D1.1.3 Thresholds/ Target values
A threshold cannot be designated in this specific theme.

D1.1.4 Final operational objectives
The quantitative state concept did not contribute on the amendment of the preliminary operational
objective. Therefore, the preliminary operational objectives will be maintained but they will be more
closely defined:

e Value-added services should be introduced both for the terminal's economic benefit and for
the introduction of new job positions.

e The expansion of the port should come along with job opportunities in other sectors.

e The working conditions (salaries, holiday leave, allowances etc. should be satisfactory
relatively to each countries’ local economy.

D2.2 Safety levels
Safety in a container terminal is a subject that is related to eventual accidents/leaks/collisions etc. as
well as to everyday operations of container handling. Eventual climate variability and change
impacts to the ports are included in the category of accidents since can be considered to affect the
safety levels of a port.
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D1.2.1 Preliminary operational objective
The terminal should comply with all the regulations regarding the preventions of accidents.

The personnel of the container terminal should receive regular training regarding the everyday
operations of the yard equipment, as well as handling of hazardous cargo.

The terminal should incorporate climate change adaptability in their policies.

D1.2.2 Indicators
e Yearly mean accidents at work (container terminal) with sick leave
e Frequency of personnel training
e Level of container terminals’ compliance with safety regulations
e Inclusion of climate change adaptation policies in the development measures of the ports

The indicators mentioned are connected to the preliminary operational objectives. Frequent and
updated training sessions and following safety regulations would have an effect in the safety levels
achieved in the container terminal.

D1.2.3 Thresholds/ Target values
A threshold could not be assigned on the frequency of the personnel training, but there should be a
proof that there are constant training, every time that new machinery is pursued, or a different
system is implemented so that the personnel could operate safely.

D1.2.4 Final operational objectives
The quantitative state concept did not contribute on the amendment of the preliminary operational
objective. Therefore, the preliminary operational objectives will be maintained:

e The terminal should comply with all the regulations that are put into force regarding the
preventions of accidents.

e The personnel of the container terminal should receive regular training regarding the
everyday operations of the yard equipment, as well as handling of hazardous cargo.

e (Climate change adaptation should play an inseparable role in the development strategies.

D2.3 Land use changes
This theme refers to all changes to the land use of the surrounding urban fabric that directly and
indirectly depend on or are influenced by the port existence and activities.

D1.3.1 Preliminary operational objective
The city should be protected from port intensive activities.

D1.3.2 Indicators
e Existence of a buffer zone in the port-city interface for noise and intense port activities
e Ratio of the sum of residential and commercial uses over industrial uses confining with the
port.

D1.3.3 Thresholds/ Target values
A specific threshold cannot be defined for the ratio (Residential + commercial uses)/industrial but
the larger it is, the more optimal it becomes.

D1.3.4 Final operational objectives
Considering the information given by the quantitative state concept, operational objectives that
were set in the previous steps are amended to:

o A buffer zone should exist in the port-city interface (Noise barriers- vegetation —logistics
buildings and include some non-exclusively port-related activities of low intensity)
e The ratio (Residential + commercial uses)/industrial uses should be the maximum possible.
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D2.4 Recreation and aesthetics
Filtering the flow type and the destination columns of the worksheet 'Total flows', the effects of the
various sub-domains that are affecting the recreational activities and the aesthetics of the container
terminal are presented in Table 28.

Table 29: Effects of a Container Terminal to the recreational activities and aesthetics

PRODUCTION - FLOW RELATIONTO[  DESTINATION or MODIFIED
CATEGORY PRODUCER-RECEIVER FLOW TYPE MAIN COMPONENTS OF FLOW

RECEPTION AREA DIRECTION PORT MEDIUM/SYSTEM
PORTINFRASTRUCTURE | Land/seareclamation | Portinfrastructure Damage our Filling/covering - Occupying Near port Socio-economic
PORT INFRASTRUCTURE |Waterfront obstruction|  Portinfrastructure Pressure-damage our Physical presence Near port Socio-economic

o Breakwaters-Sea . . )

PORT INFRASTRUCTURE | Marine infrastructure redamations Coastal processes our Waves- Currents - Sediment transport Near port Sacio-economic
PORTINFRASTRUCTURE|  Infrastructures Allinfrastructures Sea barrier our Physical presence Near port Socio-economic
PORTINFRASTRUCTURE|  Infrastructures Allinfrastructures Upland run-off barrier our Physical presence Near port Socio-economic
LAND AREA OPS Land use Portland use Pressure our All envimmental flows Near port Socio-economic
ALL [-S-E-A-C Various Various out Aesthetic/visual degradation Sacio-economic

The land/sea reclamation could lead to possible damage to heritage sites and/r monuments, to land
use modifications, property value modifications, propriety expropriations, fishing fields reduction
etc. The waterfront obstruction with port infrastructure and the construction of breakwaters may
cause pressure to the surrounding environment, reducing the recreational activities, creating a
degradation of the aesthetic/visual environment and pressuring the waterfront connected
industries. The various port activities may attract other related and similar activities, that are
expected to enhance the financial benefit of the port and the local economy, but it will contribute in
the aforementioned deterioration of the residential environment if any. It should be considered,
that the development of tourism is strongly related to the aesthetics of the area.

D1.4.1 Preliminary operational objectives
The port infrastructures should not be pressuring and/or damaging the environment of the
residential area.

D1.4.2 Indicators
e Distance from a residential area
e  Existence of marine infrastructures that are damaging the aesthetics
e Ratio of cash flow from recreational activities before and after the construction of marine
infrastructures

D1.4.3 Thresholds/ Target values
Relevant factors that could affect the existence of flora used as a noise barrier as well as a view
barrier, the location of the port (for example if the location is perpendicular to the residential area
towards the sea it is expected to pressure more than if it was located in the same distance but away
from the boundaries of the city).

D1.4.4 Final operational objective
Considering the information given by the quantitative state concept, the operational objectives that
were set in the previous steps are amended to:
e The existence of marine infrastructures damaging the aesthetics: yes/no.
e The ratio of cash flow from recreational activities after and before the construction of the
marine infrastructures should not lower than 1.5.
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D2.5 Stakeholder’s involvement
The importance of the stakeholder involvement was delineated from the (IAPH-PIANC 2017) which
stresses that "co-operation with all stakeholders is essential in any port development and
operations". It also states that the first set-up of a sustainability report is based on making a
stakeholder map and in each consecutive step there is stakeholder involvement.

D1.5.1 Preliminary operational objectives
Stakeholder involvement should be given special focus during the decision making, while at the
same time, for each subject matter, infiltrating the weight of each stakeholder’s category opinions
contribution.

Stakeholders should have access to information on various port-related performance indicators

D1.5.2 Indicators
e Stakeholder satisfaction
e Opinion of each category of stakeholders as to the level of involvement in matters that
involve the environment
e Opinion of each category of stakeholders to the level of involvement in matters that involve
business strategies
e Level of access on various port-related performance indicators

D1.5.3 Thresholds/ Target values
The stakeholder’s satisfaction and their level of involvement will be assessed in a relatively rough
manner through questionnaires.

The level of access on various port-related performance indicators will be assessed during this thesis
research, through the web search, the contact with the responsible parties of port authorities and
terminals.

D1.5.4 Final operational objectives
Considering the information given by the quantitative state concept, the operational objectives that
were set in the previous steps are amended to:

e Using the questionnaire that was created for the context of this thesis study, more than 70%
of the stakeholders should feel involved in the decision making.
e The information regarding various port performance indicators should be easily accessible.

D2.6 Traffic congestion
Filtering the flow type column of the worksheet 'Total flows', the activities that cause stresses in the
traffic congestion outside the port are presented in Table 28.

Table 30: Effects of Container Terminal activities to traffic congestion outside the port

PRODUCTION - FLOW | MAIN COMPONENTS OF RELATION TO DESTINATION or MODIFIED
RECEPTION AREA CATEGORY PRODUCER-RECEIVER FLOWTTYPE -T|DIRECTION FLOW PORT MEDIUM/SYSTEM
LAND AREA OPS Commute/Visit Vehicles Traffic OUT  [Vehiclesin road network | Outside port Socio-economic
LAND AREA OPS Intermodality trucks Vehicles Traffic OUT | Vehiclesin road network | Outside port Socio-economic
LAND AREA OPS Intermodality trains Trains Traffic out Trains in rail network | Outside port Socio-economic

The vehicles used for commute visits as well as intermodal trucks add to the traffic congestion of the
city that is possibly adjacent to the terminal. Intermodal trains could cause overloading of the rail
network. On the other hand, it could be considered that if the train leads to eventual decongestion
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of the road network. When the traffic exceeds road capacity longer time trips are expected as well
as a hostile perception of the port.

Environmentally, traffic congestion also aggravates the emissions of combustion gasses and noise of
normal traffic.

Economically, a rise of transportation-commuting time-related costs is expected in the case that the
traffic exceeds the road capacity.

D1.6.1 Preliminary operational objectives
The city should not be affected by the traffic that is created by the container terminal, so the traffic
on the local road network should not exceed the carrying capacity of the road.

D1.6.2 Indicators
e Hours per working day that the traffic exceeds the carrying capacity of the local road
network.

D1.6.3 Thresholds/ Target values
The capacity of the road network should be never exceeded.

D1.6.4 Final operational objective
Considering the information given by the quantitative state concept, the operational objectives that
were set in the previous steps are amended to:

e The hours per working day that the traffic exceeds the carrying capacity of the local road
network should be zero.

D3. Profit elements
The port Profit (productivity/economic) themes are:
e Intermodality
e Productivity
e Personnel training
e Terminal potential
e Expandability
e Circular economy

The above-mentioned sustainability themes are reflecting mainly upon the internal profit of the
port.

In the following subchapters will follow a description of each of those themes along with the
definition of the preliminary operational objectives and the indicators linked to them. Subsequently,
the quantitative state concept will be defined and as a consequence, the final operational objectives
will be determined.

D3.1 Intermodality
By intermodality, it is implied the facility of access to international road networks, connections to
the rail network, distance from airports, transhipments etc.

Through the intermodal connections, the port influence can reach a wider area and have impacts on
other industries as well. The improvement of the intermodal connection of a port most likely results
in growth of its competitiveness.

D1.1.1 Preliminary operational objectives
The intermodal connectivity of the port should be improved according to the needs of the container
terminal and the port (rail and road network).
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In this theme, there is no specific operational objective, since the reasonable intermodal levels that a
container terminal has to reach differ according to the geographical position of the port, the volume
of the containers and the forecast of the future traffic and potentials connected to the market.

D1.1.2 Indicators
Number of lanes in the port entrance
Rail connection capacity
Distance from the closest airport
Transhipment volumes

As mentioned before, the indicators for that theme are only used to describe the current situation
and not to set to accomplish operational targets, since they may differ significantly among different
ports.

D1.1.3 Thresholds/ Target values
Neither of the indicators mentioned in the previous subchapter can be related to thresholds since
they are only describing the current situation and not to set to accomplish operational targets, since
they may differ significantly among different ports. Additionally as already mentioned, the
reasonable intermodal levels that a container terminal has to reach differ according to the
geographical position of the port, the volume of the containers and the forecast of the future traffic
and potentials connected to the market.

D1.1.4 Final operational objective
The quantitative state concept did not contribute on the amendment of the preliminary operational
objective. Therefore, the preliminary operational objectives will be maintained:

e The intermodal connectivity of the port should be improved according to the needs of the
container terminal and the port (rail and road network).

D3.2 Productivity
The productivity and the efficiency of the various container terminal operations (container loading
and unloading, logistics of the yard and intermodal truck movements and operations, storage system
etc.), is closely related to the profit of the terminal.

D1.2.1 Preliminary operational objectives
The terminal efficiency should be increased in the cases that there is a growing trend of container
traffic.

D1.2.2 Indicators
TEUs traffic over the last years
Vessel time spent in port
TEUs/hour/crane
Moves/crane/hour
e Measure of moves per berth meter
e Number of simultaneous cranes per vessel type
o Truck time spent in the terminal area

The indicators above are reflecting upon the productivity of the container terminal operations.

The first indicator can show the change of the container traffic over the years which could be used
as an indication eventual growth of container traffic over the last years would imply that the
productivity levels should be increased.

Efficient cargo handling operations as measured by crane productivity and contributes significantly
to cargo being able to rapidly leave the port. Vessel time in port includes the time prior to berthing,
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time spent at berth (dwell and working times) and time spent undocking and transiting beyond port
limits (UNCTAD 2017b).

Based on a study made by Penfold, Ocean Shipping Consultants, and FCS 2015, the crane moves per
hour calculations are not very reliable without further analysis, as they depend also on shift patterns,
recording practices and various personnel breaks. For that reason, the authors propose the
introduction of the indicator of moves per berth meter that would describe the operations more
efficiently.

D1.2.3 Thresholds/ Target values
Measure of moves per berth meter
As already stated previously, the study of A. Penfold, Ocean Shipping Consultants, and FCS 2015
suggests that the measure of moves per berth metre would be one of the most efficient indicators of
productivity. The authors state:

"A target level of 1,000-1,250 TEU/berth metre/year is achievable for medium-sized ports with a
high transhipment component, with some 1,500-1,750 TEU/berth metre/year is more appropriate
for large ports and about 400-500 TEU/berth metre/year for those smaller ports and terminals at the
other end of the scale".

TEUs/crane/year (Crane Utilization)
Based also on the aforementioned study:

"a level of 100,000-150,000 TEU/gantry crane/year is a reasonable target for these
markets, on the assumption that one gantry crane is required for every 86-115m of quay,
(depending on the LOA of the post-Panamax vessel type in question".

Taking into account that a minimum berth length of 700 m is required to berth two fifth-generation
post-Panamax vessels, according to the authors, 3 or 4 gantry cranes will be required in order to
reach the maximum levels of productivity.

Moves/crane/hour (Crane productivity)

Based on PORTOPIA, 2015 container terminals at the ports of Los Angeles and Long Beach operate
with approximately 28 to 35 moves per crane per hour. Maximum rates of 40 moves per hour can be
attained in specific cases. The above statement is further on verified by (OECD, 2013) that indicate
that:

“average performance levels in a large port can reach 110,000 TEUs per year per crane, 25—-40 crane
moves per hour, a dwell time of 5-7 days for imported boxes and 3-5 days for exported boxes”.

It is obvious that the numbers presented above are related to the capacity of the vessels that a
terminal is serving, apart from the available equipment and its productivity. For that reason, specific
targets are impossible to set, but only a general target defining the acceptable range of expected
waiting time.

Vessel time spent in port

Based on the statistics published by Marine Traffic in 2017, the average time in the port for
container vessels is around 0.87 days (the average time in port is equivalent to the average of
median per world ports). More specifically, in the Netherlands, container vessels spend an average
of 1.14 days in the ports, while in Spain 0.51 days (Average time in port is equivalent to the average
of median per port per each country).

Number of simultaneous cranes per vessel type
Based on (Martin, Martin, and Pettit 2015) no detailed or recent research has been published on this
subject and the area. However, research-based in interviews with terminal operators has recognized
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that for ships in which 12 quay cranes could operate, 5.5 cranes (average) are used during ship
working time.

Regarding the truck time spent in the terminal area, there is no specific threshold since it is a multi-
parameter problem.

D1.2.4 Final operational objective
Considering the information given by the quantitative state concept, the operational objectives that
were set in the previous steps are amended to:

e According to the strategical goal of the port and a market analysis, the goals as to the
number of TEUs in the next years should be set by each container terminal.

e A target level of 1,000-1,250 TEU/berth metre/year should be required from medium-sized
ports with significant transhipment rates, and about 1,500-1,750 TEU/berth metre/year
should be required from large ports.

e The crane utilization should be approximately 100,000-150,000 TEU/gantry crane/year.

e The crane productivity should be approximately 25—40 crane moves per hour.

e The container vessel time spent in the port should be approximately 0.80 days.

e On average, 5.5 cranes during ship working time should be capable to load and/or unload
the largest container vessels.

e There should be a yard vehicles tracking system to optimize the average time of
activity/inactivity of the yard vehicles and the total number of movements per container unit
and empty trips.

It should be pointed out, that the abovementioned operational objectives are not absolute for each
port and they depend on a great extent to each ports operations, available equipment, size, current
traffic, forecasted traffic etc.

D3.3 Personnel training
The productivity of the container terminal is also related to the efficiency of the personnel. This
involves the training on the use of the machinery and equipment as well as other operations that
concern the management and the logistic of the terminal operations. Eventual new entries of
software used for the optimization of the terminal services would imply that the personnel would
have to become acquainted with it through training sessions.

D1.3.1 Preliminary definition of the operational objective
The personnel of the container terminal should receive training sessions to improve the efficiency of
the container terminal operations.

D1.3.2 Indicators
e Frequency of personnel training and/or hours per year that the personnel receives training
sessions.

The indicators mentioned are connected to the preliminary operational objectives. Frequent and
updated training sessions of the personnel would contribute on the productivity of the terminal.

D1.3.3 Thresholds/ Target values
A threshold could not be assigned on the frequency of the personnel training, but there should be
proof that there are constant training, improving the efficiency of the operations and the staff.
Innovations should be introduced in the terminal on a regular basis to optimize the operations
quality and time and the personnel efficiency.

D1.3.4 Final operational objective
Considering the information given by the quantitative state concept, the operational objectives that
were set in the previous steps are modified to:
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e There should be constant training seminars.
e The terminal should be informed about techniques and implement innovations to optimize
its efficiency.

D3.4 Terminal potential
This theme is presented to describe the capacity of the port.

D1.4.1 Preliminary operational objective
The terminal capacity should be equal to or higher than the actual container traffic.

D1.4.2 Indicators
Maximum TEUs capacity
Total quay length
Operational Depth
Total yard area
Equipment

D1.4.3 Thresholds/ Target values
Neither of the indicators mentioned in the previous subchapter can be related to thresholds since
they are only describing the current situation and not to set to accomplish operational targets.

D1.4.4 Final operational objective
The quantitative state concept did not contribute on the amendment of the preliminary operational
objective. Therefore, the preliminary operational objectives will be maintained:

e The terminal capacity should be equal to or higher than the actual container traffic.

D3.5 Expandability
This theme refers to the possibility of expansion of land and/or sea infrastructures and achievement
of suitable depths for super Post Panamax.

The eventual land/sea expansions that on the one hand are connected to container traffic growth
and creation of new employment opportunities (GDP rise), on the other hand, means properties
value modification, expropriations and fishing field's reduction. The sea reclamation could also be
considered responsible for changes in the coastal processes that can cause risks of losing properties
(through erosion).

D1.5.1 Preliminary operational objective
The Master Plan proposals should comply with the needs of the port and the city and should be
amended regularly to include the eventual changes.

The Master Plans should be designed based on the concept of flexibility and sustainable growth.

D1.5.2 Indicators
e Master Plan proposals
e Per cent of expansion of land area
e Per cent of expansion of quay length
e Suitable depth of post Panamax

D1.5.3 Thresholds/ Target values
Neither of the indicators mentioned in the previous subchapter can be related to thresholds since
they are only describing the current situation and not set to accomplish operational targets.

D1.5.4 Final operational objective
The quantitative state concept did not contribute on the amendment of the preliminary operational
objective. Therefore, the preliminary operational objectives will be maintained:
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e The Master Plan proposals should comply with the needs of the port and the city and should
be amended regularly to include the eventual changes.

e The Master Plans should be designed based on the concept of flexibility and sustainable
growth

D3.6 Circular economy
Filtering the flow type column of the worksheet ‘Destination of Modified Medium', the activities that
produce flows that can be reused are presented in Table 31.

Table 31: Alternative management in the port basin operations

PRODUCTION- FLOW | MAINCOMPONENTS OF | RELATION DESTINATION or MODIFIED
RECEPTION AREA CATEGORY | PRODUCER RECEIVER Lo DiRECT! FLOW TOPORT MEDIUM/SYSTEM
CONSTRUCTION SITE All activities Various Non-hazardous demdlition materials | OUT Various Inport
PORT INFRASTRUCTURE Dredging Portbasin Dredged material disposal out Non hazardous material Inport
‘ LAND AREA OPS | Yard building ‘ Kitchen 5|rjk5; ‘ Sewage ‘ ouT ‘ Grey water ‘ In port ‘ Port/City treatment facilities
bathroom sinks;
‘ LAND AREA OPS ‘ Renewable ener, Wind mills;solar Ene roduction ‘INTERNAI.‘ Hectricit ‘ In port ‘
B panels; breakwaters ke v P

The port area presents a fertile ground, as the existence of industrial clusters located there and the
sea connections among in ports facilitates the sustainable use of resources and waste because they
present the advantage of the development of synergies between the various industries. One of the
main principles of the circular economy is to use renewables, study a feedback loop to optimize
production and maximize the usage value of products (Ballini and Song 2017).

Some examples of moving towards a more circular economy include the reduction of use of energy
and materials in production and use phases, reduction of the use of materials that are hazardous or
difficult to recycle(European Comission 2014). Additionally, the reduction of energy consumption
and the introduction of renewable energy would be pillars for the development of the concept of
the circular economy. Last but not least, the reduction of the water consumption through reuse of
the treated grey waters for several operations is important as well.

D1.6.1 Preliminary operational objective
The terminal should get familiarized and adopt the concept of the circular economy.

D1.6.2 Indicators
o Use of dredged material for port expansion projects and other actions.
e Renewable energy production
e Use of biofuels
e Reuse of treated grey water
e Recycling

The indicators presented above are based on the European Federation of Inland Ports, that in 2016
issued the report “The Circular Economy and Inland Ports” that lists a number of challenges and
requirements.

D1.6.3 Thresholds/ Target values
There is not a specific standard/target that can be set for the above-mentioned indicators.

D1.6.4 Final operational objective
The reuse of dredged material inside the port (if non-contaminated), the renewable energy
production, the recycling, the use of biofuels and treated greywater should be maximized within the
terminals and consequently within the ports.
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Table of elements of PSAF

The set of themes — indicators —operational objectives are presented for each strategic sub-

Appendix E
objective.
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Appendix F Info gathering actions for two port case studies

F1.1 PortofLivorno
Main sources of information
For the Port of Livorno the following key information regarding Master Planning and Environment
has been retrieved:

1. Livorno Port Authority, Environmental Statement 2012-2015, 30-June-2012

2. Livorno Port Authority, Environmental Statement 2015-2018, 30-June-2015

3. Livorno Port Authority, 2016 Update of Environmental Statement 2015-2018, 30-June-2016

4. North Tyrrhenian Sea Port System Authority3, 2017 Update of Environmental Statement
2015-2018, 30-June-2017

5. North Tyrrhenian Sea Port System Authority, 2018 Update of Environmental Statement
2015-2018, 30-June-2018

6. Port of Livorno Master Plan (2012): http://www.porto.li.it/it-
it/homepage/strumentidiprogrammazione/pianoregolatore/pianoregolatore2015/relazioni.
aspx (30 documents)

7. Strategic Environmental Assessment (VAS) 2013, that contains the documents of the
Strategic Environmental Assessment of the Master Plan of 2012: http://www.porto.li.it/it-
it/homepage/strumentidiprogrammazione/pianoregolatore/pianoregolatore2015/procedur
avas/rapportoambientale.aspx (3 documents)

Also from the website of the Port of Livorno Authority (http://www.porto.li.it/) and the website of
the North Tyrrhenian Sea Port System Authority, statistical data, info on port land concessions, port
infrastructure, etc. have been retrieved.

The Master Plan of 2012 was approved with the decision n.36-25/3/2015 of the Regional Council of
Tuscany (documents of point 5).

The first 4 documents provide general information about the environmental impact of the port as a
whole but also include some specific info regarding the container terminal. There is a reference to
various environmental themes (air-water quality, noise, water-electricity consumption, etc). In the
last update of the Environmental Statement (2017), it is stated that the air quality, noise and marine
monitoring programs will be put in an act by 2018. Furthermore, the Port of Livorno has participated
to the TEN-T «GreenCranes» project (2012-2014), where electrical, fuel consumption and carbon
footprint of the Livorno's container terminal (Darsena Toscana) have been reported for 2011.

Some documents regarding the «GreenCranes» project have been accessed through the websites of
the North Tyrrhenian Sea Port System Authority (https://www.portialtotirreno.it/studi-e-
sviluppo/progetti-conclusi/greencranes/) and the GreenCranes Project
(http://www.greencranes.eu/)

Although most of the abovementioned documents do not provide precise details on metrics' results
and values and some of them are at least 6 to 8 years old, it clearly shows that (possibly/probably)
the data exist and the port authorities should be able to provide them.

Actions and contacts

A Living Lab in Livorno was held on the 17/07/2018. Several participants attended the meeting
mainly from Research instituted related to the Corealis project (CNIT, ERICSSON, VTT and Deltares),
however, stakeholders from the Port Authority and the Container Terminal Lorenzini operator were
also present. During the meeting, all the parties were informed that they would receive a question

*In 2016 the new Port Authority has been instituted with the Presidential Decree n. 169, 4/8/2016
(Annex A, 3rd case)
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form (QN1) reflecting on the information gaps that were traced during the data collection, in the
context of this thesis study. The question form can be found in Appendix G .

Contacts have been also made with:
e The operator of Terminal Darsena Toscana (TDT) that was not taking part in the Corealis
project;
e The Environmental Protection Agency for the Region of Tuscany, ARPAT, (Agenzia Regionale
per la Protezione Ambientale della Toscana);
e Port Authority of Livorno;

The important and relevant information that was collected during the above-mentioned meetings,
discussions and emails, as well as the “filled" question forms, are presented in the following
subchapters with the relative source reference. The question form (QN1) is presented separately as
well in Appendix G .

F1.2 Port of Piraeus

Main sources of information

The Port of Piraeus has an environmental permit issued in 2006. The website of the Port of Piraeus
Authority (PPA) (http://www.olp.gr/en/nature-protection/nature-quality) has not published all the
measurements resulting from the environmental monitoring, (according to the terms and conditions
of their Environmental Permit of 2006 should have been published in their site), however it is stated
that they implement environmental monitoring programs holding partnership with universities and
other external experts, regarding Seawater quality, Noise quality, Air quality, Landscape and Energy
and Waste management.

A new EIA has been known to be submitted to the competent authorities (Directorate of
Environmental Permits of the Ministry of Environment) before the end of 2017 but it isn't yet at the
phase of the public consultation, so it is not yet accessible. However, unofficially from a source that
asked to stay anonymous, it has been possible to have access to the chapter regarding the current
state of the environment (EIA Port of Piraeus, edition 3, March 2017, Chapter 8, Current state of the
environment) where there are included the historical data of the results of the monitoring program.

In the Environmental Report of 2016 of Piraeus Port Authority S.A. (accessible at
http://www.olp.gr/images/GR_PDF/slops/PERS_REPORT_2016.pdf) it is stated that there is an
implementation of a regular programme of publicity campaigns on a variety of environmental issues
related to port activities, communication of the environmental policy to the public (employees,
tenants and contractors) and publication, every two years, of an Environmental Performance Report,
available to the personnel, the public and other interested parties. However, the above-mentioned
statement does not seem to conform to the reality since all the environmental monitoring data are
not provided in the website of the PPA.

Actions — contacts

A Living Lab in the offices of the Piraeus Container Terminal (PCT) was held on the 04/09/2018. A
large number of participants attended the meeting, such as the members of the research institutes
taking part in the Corealis project, representatives from the Municipality, the Port Authority of
Piraeus (PPA), the Container Terminal, the Customs, the ferry companies, the business development
sector and several other stakeholders. Like in the Port of Livorno Living Lab, all parties were
informed that they would receive a question form (QN1) reflecting on the information gaps that
were traced during the data collection, in the context of this thesis study. The question form can be
found in Appendix G . Contacts have been also made with the environmental department of PPA but
with no result regarding the data requested.
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Appendix G Question form (QN1) to responsible parties (filling the

gaps)
QUESTIONNAIRE - QUESTIONARIO
Please provide data for as many years as possible
Per favore fornire i dati per il maggior numero di anni possibile

Is there an environmental monitoring program for the port ?
'E in atto un programma di monitoraggio ambientale del porto ?

If yes, please provide the yearly reports regarding air quality, noise, water column quality and sediment
quality.

Se si, per favore fornire i rapporti annuali riguardanti la qualita dell'aria, il rumore, la qualita della colonna
d'acqua e la qualita dei sedimenti.

Yearly water consumption of the container terminal.
Consumo annuale acqua del container terminal.

Yearly electricity consumption of the container terminal. Include the recharging of eventual electric/hybrid
vehicles.
Consumo annuale energia elettrica del container terminal. Da includere la ricarica di veicoli elettrici-ibridi.

Yearly green energy produced for the container terminal.
Energia elettrica da fonti rinnovabili prodotta per il container terminal annualmente.

Yearly fuel consumption of the container terminal divided per fuel type (LNG-diesel-petrol-etc).
Consumo annuale di carburante, diviso per tipologia (LPG, LNG, diesel, benzina, ecc).

Total number of employees\workers that normally work in the container terminal area, inclusive of
subcontractors (yearly average).
Numero totale di impiegati\lavoratori che normalmente lavorano nell' area del container terminal, inclusi
subappaltatori (media annuale)

Please provide an estimation of the workforce directly and indirectly related to the container terminal's
operation.

Per favore fornire una stima dei posti di lavoro che sono direttamente o indirettamente collegati con il
complessivo funzionamento del container terminal.

Averagysalary per employee-category
Salario medio dei dipendenti per categoria

Payroll expenses and subcontracting expenses
Spese per il personale e subappalti

Yearly mean accidents at work (container terminal).
Media annuale degli incidenti del lavoro (container terminal).

Hours of occupational health & safety seminars per year.
Ore di seminari sulla salute e sicurezza sul lavoro per anno.

Averageshipwaiting time
Tempo medio di attesa per le navi container

TEUs throughput/year

‘ TEUs transshipment/year
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Trucks entering the terminal (per year)
Automezzi pesanti che entrano nel terminal (per anno)

Vessel calls/year/vesselscapacity
Arrivi annuali navi contenitore/capacita navi (classe)

TEUs exiting/entering by rail
TEUs spediti/arrivati per treno

How many TEUs/hour per crane type
TEUs/ora per tipologia gru

Average time the trucks remain in the terminal area
Tempo medio degli automezzi pesanti nel terminal

Safety and health training program (hours per year)
Corsi sicurezza sul lavoro (ore per anno)

Work productivity training program (hours per year)
Corsi formazione professionale dei lavoratori (ore per anno)

Container moves per berth meter per year(TEUs/berth meter/ year)
Movimenti contenitori per metro banchina per anno (TEUs/metro banchina/anno)

CONTAINER TERMINAL GENERAL INFO
(Quaylength) Lunghezza totale banchine
(Depth) Profondita

(Cranes by type) Gru per tipologia

(Land area) Superficie totale piazzali

Please state in brief the organization's strategic goals.
Per favore descrivere in breve gli obiettivi strategici dell' ente/ditta.

Please state eventual performance indicators your organization uses (environmental, societal and economic)

and provide the available time-series for each of them.

Per favore descrivere eventuali indicatori di prestazione usati (ambientali, sociali, economici) e fornire le

diaponibili serie temporali per ognuno di essi.
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Appendix H Current state of two container terminal case studies
H1. Planet

H1.1 General information about environmental monitoring

Port of Piraeus

Currently, there is no environmental monitoring programme implemented by the Piraeus Container
Terminal (Source: Answer to question form from Operational manager of PCT); however, the
container terminal area (sea/land) is incorporated in the general environmental monitoring
programme of the Port of Piraeus Authority.

Port of Livorno

In the New Master Plan of the Port of Livorno — Articulation of the temporal interventions (Autorita
di Sistema Portuale del Mar Tirreno Settentrionale 2017) it is indicated that a platform (MoniCA) is
designed and should be concluded in 2018 that will allow to integrate measuring stations of
environmental variables (e.g. nitrite concentrations, PMx, COx, etc.) and to store the trend of the
variables measured on the platform.

Terminal Darsena Toscana:
Figure 33 shows the overall performance based on the indicators that the terminal has chosen.
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Figure 33: Environmental performance of TDT in the period 2008-2015 (Source: TDT)

Terminal Lorenzini:
There is a monitoring programme for the port of Livorno and the Container Terminals but Port
Authority is in charge of it, not the container terminal (Source: Answer to question form from
Terminal Lorenzini).
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H1.2 Air quality
H1.2.1 Air quality standards (NO2, CO, SO2, PM10)

Piraeus

Among the terms and conditions that are set by the Decision of Approval of the Environmental
Terms and Conditions of the Port of Piraeus (Greek Common Ministerial Decision No. 104050/2006),
a programme of monitoring the air pollution should be set up in the N-NW part of the central port
area. This program will include measurements of pollutant gas accumulation (CO, NOx, PM10) that
will be recorded in a census sheet, which will be forwarded once a month to the directorate.

In Environmental Report of Piraeus port, (Piraeus Port Authority S.A. 2016) it is indicated that there
is a permanent monitoring station that has been installed on the west area of the central port of
Piraeus in cooperation with the National Technical University of Athens and records the following
parameters: Nitrogen oxides NOX), Xylenes, Sulfur dioxide (SO2), Ethylbenzene, Carbon monoxide
(CO), Ozone (03), Toluene (C7H8), Benzene (C6H6), Particulate matter PM10.

PM10 concentrations
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Figure 34: PM10 yearly concentrations range during 2010-2016 (source: Piraeus Port Authority S.A. 2016)

Figure 34 shows the PM10 yearly concentrations range during 2010-2016. In 2014-2016 the annual
mean value was 35 pg/m3, under the limit of 40 pg/m? specified by Directive 2008/50/EC. The mean
daily values of PM10 may exceed the limit value locally and for a very short while, during ships high
traffic periods.

In the same report it was indicated that NO2, SO2 and CO concentrations during 2010-2016
presented no exceeding of the legislative limits of the mean hourly and mean 8hr values, however,
there are no graphs presented for those substances. In the most recent Annual Report of the Air
Quality of Athens area of the Ministry of Environment and Energy (YNOYPTEIO MEPIBAAAONTOZ KAl
ENEPTEIAZ, 2017) it is indicated that the station Number 9 is the closest to the Port of Piraeus. The
exact contribution of the Port of Piraeus and specifically the container terminal is not possible to be
extrapolated from these values. However, they will be provided to obtain a general image as regards
to the air quality level of the area around the Port of Piraeus.
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Figure 35: Atmospheric pollution measuring stations in the Attica region operated by the Atmospheric Quality
Department (Source: Greek Ministry of Environment and Energy)

Deltares — TU Delft

146 | Page



Appendix H Current state of two container terminal case studies

NO2 — yearly change

The limit value (200ug /m?, not to exceed 18 hours per year) was not exceeded at any measuring
location. The value of 40 pg/m3 averaging in 1 year was exceeded in the years that are indicated in
red in the following table.

Table 32: Evolution of average annual concentration values of NO2 in measuring station of Piraeus from 2005 — 2016
(Source: Greek Ministry of Environment and Energy)

Station Piraeus 1 #9
Years 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Average annual values
of NO2 (ug/m3) 66 66 72 60, 71 46 44 41 36 33 52 64

S02, CO and NO2 - hourly and daily average values

From the tables presented below (YNOYPTEIO MEPIBAAAONTOZ KAl ENEPTEIAZ, 2017) it can be
observed that the Air Quality Standards set by the European Committee, 2017 are not exceeded for
the Piraeus measurement station that is located close to the port of Piraeus.

Table 33: Averaging 24 hours and averaging 1-hour Table 35: Averaging 8 hours of concentration values of
concentration values of SO2 for the measuring station CO for the measuring station of Piraeus in the year of
of Piraeus in the year of 2016 2016
| Station Piraeus 1#9 - SO2 (ug/m3) 2016 Station Piraeus 1 #9 - CO {ug/m3) 2016
Number of
daily values > Number of
Max value Median value | 125 pg/m3 .
= daily values >
Averaging 24 hours
values 2% 7 0 Max value 10 mg/m3
Number of
daily values > Averaging 8 hour
Max value |Median value | 350 pg/m3 values 5,5 0
Averaging 1 hour values 90 6 0

Table 34: Averaging 1-hour concentration values of
NO2 for the measuring station of Piraeus in the year of
2016

Station Piraeus 1 #9 - NO2 (pg/m3) 2016

Number of
daily values >
Max value Median value 200 pg/m3

Averaging 1 hour
values 188 62 0

Operational objective check:
The concentration of air pollutants is lower than the standards defined by the European
Commission.

Livorno

ARPAT, the Environmental Protection Agency of the Tuscany Region, has an air quality measuring
station (LI-LAPIRA), part of the regional air quality network, at about 2.1km east-northeast of the
container terminal (Figure 36) that started functioning in 2015. Another station of the network is
positioned at about 5.6km south-southeast of the container terminal (LI-CAPPIELLO) and started
functioning in 2014. Historical, real-time data and yearly reports for all stations of the network can
be retrieved from the ARPAT website.

PM10 concentration

In the report published by ARPAT in March 2017, regarding the PM10, for both stations there no is
exceeding of the day average of 50ug/m?® (Legislative Decree 155/2010, Annex XI) and the annual
average is 18ug/m?® for LI-CAPPIELLO and 19ug/m® for LI-LAPIRA (Figure 36). In 2014 the daily
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average was 17pug/m? for LI-CAPPIELLO and in 2015 it was 18ug/m? for LI-CAPPIELLO and 21pg/m’®
for LI-LAPIRA, all value much lower than the 40pg/m? set by the LD 155/2010 as day average limit.
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Figure 36: Air quality station Li-LAPIRA (source: ARPAT website)

NO2, CO and SO2 concentrations

Regarding NO2, the hourly limit is 200pug/m3 and the average year limit is 40pug/m3. The LI-LAPIRA
station never exceeded the hourly limit and the average year values were 23 and 21 pg/m3 in 2015
and 2016 respectively. The more remote station LI-CAPPIELLO registered 19 and 16 pg/m3 in 2015
and 2016 respectively and no daily exceeding.

Operational objective check:
The concentration of air pollutants is lower than the standards defined by the European
Commission.

H1.2.2 Fuel consumption

Piraeus

The data from the following Table 36 are retrieved from PCT.

Table 36: Fuel consumption of the Container Terminal Pier Il & Il (Source: PCT)
2016 3.859.092,00 Diesel in It

2017 | 4.224.866,00 |Dieselinlt

In 2017 the ratio of fuel consumption over a number of container units approximately 1,4.

Operational objective check:
The historical evolution of fuel consumption cannot be reproduced based on a two year period. For
that reason, no conclusion can be made regarding the operational objective.

Livorno

Terminal Darsena Toscana:

From Figure 37, it can be concluded that the total diesel consumption remains almost constant in
the period of 2005-2017. The ratio of total diesel consumption per yard moves performed is also
remaining constant.
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Trend operational consumptions

10.000.000

1.291.539 1377432 4 4g0p.550 1.162 671
1.339.184 1.139.470 1536631 4 1-742.067 1604500 |——MOVESyarderai

~ v . v . ——® [num]
790.244 821745 707.086 703 584 602.992 845 700 899.563 776 670

1.000.000

100.000
10.000 Total operational

diesel
consumpiton

1 OOO (TDT/IRDTIALA)
: [itrs]

100

g Operational diesel
TDT/moves yard

10 and rail
1 1 G023 f——i—q-3D —d-0n - — o Wt Qi Befl) | 4

2009 2010 2011 2012 2013 2014 2015 2016 2017

Figure 37: Trend of the operational diesel consumption of TDT/RDT/ALA (source: TDT)

In Livorno, in 2017 the container traffic was equivalent to 515.792 TEUs in the TDT only, so that gives
a ratio of fuel consumption over a number of container units approximately 2.25.

Operational objective check

Since the diesel consumption remains nearly constant during a period of 8 years, as well as the total
diesel consumption per yard moves, and it is indicated that the ratio of consumption per TEUs
handled is higher than Piraeus, there should be measures taken for the optimization and decrease of
the fuel consumption within the port operations.

H1.2.3 Carbon footprint
According to Covenant of Mayors for Climate and Energy: Default emission factors for local emission
inventories, the energy mix of Greece has a conversion factor for 2013 of 0.757 tCO2/MWh, while
the energy mix of Italy (2013) has a conversion factor of 0.343 tCO2/MWh.

Piraeus

There is no reference to carbon footprint in the EIA of 2017.

However in the Environmental Report (Piraeus Port Authority S.A. 2016) found on the website of the
Port Authority it is stated then there is implementation of a monitoring programme on air quality
and CO2 footprint estimation.

Additionally it is mentioned that a Solar Park has been implemented and installed in Neo lkonio. The
installation will provide 635,000 'green' kWh per year to the electricity grid, corresponding to 635
tonnes of CO2 emissions that are avoided.

Operational target check:
Not enough available information.

Livorno

Terminal Darsena Toscana:

The CO2 emissions normalized by the number of units per year in the TDT are presented in Figure 38
as well as the emissions originated from the electric consumption (excluding the consumption of the
reefer’s fridge).
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CO2eq
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Figure 38: CO2 eq calculated in TDT normalized by the units (Source: TDT)

As can be observed from Figure 38 the CO2 emissions in TDT are presenting a decrease during the
years of 2015 and 2016 with a slight increase in 2017. Even though the number value of the CO2
emissions in this year is nearly the same with all the previous years, the number of vessel moves is
relatively higher.

Operational target check:
Over the period of the five last years, CO2 emissions have decreased by more than 10%.

H1.3 Sediment quality

Piraeus

From the EIA regarding the disposal of dredged material and slugs (Electric Arc Furnace), 2015:
Date of sampling: 30/03/2015

Sample origin: Neo lkonio Peramatos (area west from Pier ll1).

Table 37: Samples were taken in the area west from Pier Ill (Source: Electric Arc Furnace, 2015)
Threshold
non

dangerous
Component | (mg/kg) 1 2 3 4 5 6 7
cd 0,6 0,01 0,02 0,02 0,02 <0,01 0,01 0,02
Cu 25 0,59 0,57 0,59 0,64 0,44 0,59 0,42
Hg 0,05 <0,002 | <0,002 | <0,002 | <0,002 | <0,002 | <0,002 | <0,002

In

25

0,1

0,12

0,09

0,08

0,07

0,08

0,01

Cr

4

<0,02

<0,02

<0,02

<0,02

<0,02

<0,02

<0,02

Pbh

5

0,17

0,14

0,13

0,16

0,14

0,17

0,18

Ni

5

0,15

0,12

0,18

0,18

0,13

0,16

0,12

Operational objective check:
The leachability of the samples tested, as deduced from the table presented above, is not exceeding
the limits set by both standards for the classification of inert materials at their disposal.
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Livorno

(Livorno Port Authority 2013), Environmental Report 2013:

According to the results of a single sampling campaign (not specified when it took place) the degree
of major contamination, both as an extension of the area concerned and as levels of concentration,
was found in the layers between 1 and 2 m deep, while in the layer relative to the first 50 cm the
detected contamination was lower than the underlying layers. The contamination found was mainly
due to heavy metals (such as Cd, Hg, Pb and Zn) and organotin compounds, and secondarily to
polycyclic aromatic hydrocarbons (PAHs). Below two meters of depth, contamination was present in
a point-like manner and mainly related to Cd and As.

In the marine area of the container terminal, the contamination was limited, mainly in the superficial
layer (0-50cm) and didn't exceed the limits of certain eco-toxic risk which would make necessary
priority interventions.

Operational objective check:
Due to the observed contamination, mainly due to heavy metals (such as Cd, Hg, Pb and Zn) in the
layers between 1 and 2 m deep, the operational objective is not achieved.

H1.4 Water column quality

Piraeus

In the EIA of 2017 is stated that PPA SA implements a Marine Environment Quality Monitoring
Program on an annual basis, in cooperation with the University of Piraeus. The sampling stations
near the CT are shown in the figure that follows:

Figure 39: Water sampling stations. Stations 27 and 39 were used before the pier expansions. Own realization based on
EIA Port of Piraeus, edition 3, March 2017, Chapter 8.

In the following tables the historical data of the water column sampling are presented.
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Table 38: Total coliforms MPN Coli/100ml

Station Apr-08 Nov-08 Apr-09 Apr-10 Apr-11 May-12 May-13 Nov-13 Jun-14
26 158 50 249 224 169 294 74 809 10
27 148 130 74 10 108 552 63 602 10
29 122 10 63 <10 41 <1 <1 235 <1
38 31 71 1 <10 97 10 20 324 10
39 <10 <10 1 10 426 <1 <1 226 <1
44 146 <10 1 <10 10 10 <1 63 <1
Table39: Enteroccci MPN Entero/100ml
Station Apr-08 Nov-08 Apr-09 Apr-10 Apr-11 May-12 May-13 Nov-13 Jun-14
26 <10 20 20 <10 30 <1 <1 211 <1
27 <10 30 1 <10 0 20 1 173 <1
29 <10 <10 1 <10 10 <1 <1 226 <1
38 10 20 1 <10 10 <1 <1 145 20
39 <10 <10 1 <10 74 <1 <1 95 <1
44 <10 <10 1 <10 31 <1 <1 20 <1
Table 40: Heavy metals in water column
S Cr ppb Cu ppb
Apr-10 Apr-11 May-12 May-13 Jun-14 Apr-10 Apr-11 May-12 May-13 Jun-14
26 37 2,2 1,2 0,4 15 1,61 1,3 0,7 1 1,7
27 71 1,9 - - 1,35 0,5 0,4 - -
29 0,3 - - - 2,32 - 0,3 - -
38 3,3 0,8 0,3 0,3 2,4 0,44 0,7 1 1,5 1,9
39 22 0,6 0,3 - 0,75 0,3 0,7 - -
44 - 0.2 - - 1.51 0.5 0.2 - -
Station Fe ppb Ni ppb
Apr-10 Apr-11 May-12 May-13 Jun-14 Apr-10 Apr-11 May-12 May-13 Jun-14
26 76 20,2 2714 341,6 542 2 0,1 0,5 0,9 1,5
27 57,3 105,9 133,8 - 0,16 0,1 0,7 -
29 22,1 98,3 255,8 - 0,3 0,7 -
38 89,2 125,5 188,6 2891 422 1 0,1 0,2 0,3 0,7 1,1
39 448 89,5 300 - 0,1 0,3 0,2 -
44 70,6 103,6 208,4 - 0,45 14 0,65 -
Station Pb ppb Zn ppb
Apr-10 Apr-11 May-12 May-13|  Jun-14 Apr-10 Apr-11 May-12 May-13|  Jun-14
26 1.9 0.4 0.3 0.5 0.9 12.1 5 71 5.2 5
27 1.2 0.32 0.8 - 4.1 7.2 55 -
29 0.08 0.2 0.6 - 0.4 4.2 5.9 -
38 2.4 35 1.3 1.1 29 0.2 27 3.6 4.9 5.4
39 0.7 25 1.4 - 0.5 2.8 3.7 -
44 - 0.3 0.2 - 0.3 1.1 3 -

In the Environmental Report of the Piraeus Port Authority S.A., the following data has been
summarized and can be used as an Operational objective check:

e The values of the physicochemical parameters of 0C, pH, TDS, Conductivity, Salinity, Turbidity,
Dissolved Oxygen do not vary notably during the years and show a good sea-water quality.
o The values of the heavy metals inside the water column (at the surface, -1m and - 3m) do not vary
notably during the years and their concentrations range within the normal limits presented in a
seawater column.
e The concentrations of oil hydrocarbons in 2015-2016 are smaller than the previous years and
within the normal limits presented in a seawater column.
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Livorno

Port Authority of Livorno, Environmental Report 2013 (needed for the procedure of Strategic
Environmental Evaluation):

During 2010-2012 took place a monitoring program regarding the water quality inside the port of
Livorno (Relazione sulle attivita di monitoraggio delle acque marine, a cura dell’Autorita Portuale di
Livorno, ottobre 2012). The Environmental Report 2013 states only that:

e nickel, which in the first monitoring was higher than the quality standard in most of the
monitored points, it is lower than this standard already starting from second monitoring;

e cadmium is lower than the instrumental quantification limit for all points monitored;

e lead is lower than the quality standard in all monitored points, made an exception at the
sampling point n.4 carried out in 2012;

e total chrome undergoes a slight worsening in all the analyzed samples that result in all
higher than the quality standard taken as a reference;

e arsenic values are close to the standard value taken as reference and they result sometimes
higher;

e the values relating to zinc undergo a deterioration in all the samples analyzed;

e rare anomalous values are found with regard to the aluminum parameter.

There is no reporting of the actual data of the monitoring.

Operational objective check:
Not adequate information for a conclusion

H1.5 Water consumption

Piraeus

There is no reference to water consumption in the EIA of 2017.

In 2017, 65.770 It were consumed in the Piraeus Container Terminal (Source: Answer to question
form from Operational manager PCT).

Operational objective check:
The information provided is not adequate to draw a conclusion.

Livorno

Terminal Darsena Toscana:

In Table 41 it is illustrated that the water consumption seems to have increased in the terminal
Darsena Toscana over the last years, even though there has not been a great increase in the
container traffic. It should be noted that the presented water consumption values refer to the water
consumed for firefighting and for other office related uses.

Table 41: Water consumption in TDT (Source: TDT)
1st 2nd
2005 2006 2007 2008 2009 2010|2011 2012|2013 2014 2015 2016/ 2017 quarter| quarter
2018 @ 2018
Total Water
Consumption [mc] 7.268 |6.963 [ 10.802|10.625|10.374 | 10.253 | 8.755 | 9.085 | 5.662 | 5.376 [ 2.512 | 11.054 | 13.343| 2.585 5.306
TDT

Terminal Lorenzini:
The water consumption in Terminal Lorenzini in the year 2016 was 1.350 MC (Source: Answer to
qguestion form from Project manager of Terminal Lorenzini).
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Operational objective check:

Since the water consumption increase is also related to the number of the staff and there is no
available information on this subject, it is not possible to test that the operational objective is
achieved.

H1.6 Noise

Piraeus

In the Environmental Report (Piraeus Port Authority S.A. 2016) it is mentioned that the noise
monitoring programme consists of 17 spots covered all the port area, commercial & passenger. Each
set of measurements is repeated every six months (winter and summer period), however the results
of the monitoring are not presented in the report.

According to the EIA of 2017, the noise monitoring program of PPA SA has a number of noise
monitoring stations in and near the Container terminal area:
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Figure 40: Noise monitoring stations near the container terminals. Own realization based on EIA Port of Piraeus, edition
3, March 2017, Chapter 8.

In the table that follows, the results of the noise monitoring data of the above stations are presented.

Table 42: Noise levels in Leq per station
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Station 2007 2011 2013 2015 2016
0-1 721 70.6 68.9
0-4 75.6 67.8 75 67.9 72.5
0-5a 79 69.8 76.3 7.5 76.2
0-58 68.8 62.5 68 60.7 60
0-5y 50 52.5 44.3 42.5
0-50 65.5 68.2 68.5 66.3 64.5|/0-8 58.3 41.9 56.2 41.5 50.7
0-5¢ 70.3 66.7 69.5 64.1 68.1||0-14 68.9 68.4 746 59.9 65.4
0-5¢ 72.8 73.3 72.7 7.2 70.9/|6-15 63 57.2 56.6 55.4
0-5n 51.5 49.5 45.6 43.5||0-16 75.4 714 i 7.8
0-50 69.4 78.3 69.1 78.4||10-17 56.6 57.3
0-6a 78.5 69.2 78.4 74.2 70(|©-18 69.9
0-6B 78.4 75.3 75.3 72.6 74.6||10-19 71.6
0-7 754 739 76.1 73 74.6||10-20 68.7
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Operational objective check:
In the Greek Government Gazette 293/A/6-10-1981 Article 2 Paragraph 5, it is indicated that the
noise limit in areas that are mainly industrial is 65 dB(A). This limit is exceeded for most of the
stations every year indicated.

Livorno

The Lden and Lnight noise maps of the port are shown in the figures that follow (source: Port
Authority of Livorno, Environmental Report 2013). The software used for the noise modelling took
into account only the traffic generated by the port activities.

Figure 41: Lden map of the port of Livorno Figure 42: Lnight map of the port of Livorno

Operational objective check:
It can be noted that the acoustic environment of the container terminal, especially regarding the
Lnight parameter, does not exceed 70dBA.

H1.7 Energy consumption
According to Covenant of Mayors for Climate and Energy: Default emission factors for local emission
inventories, the energy mix of Greece has a conversion factor for 2013 of 0.757 tCO2/MWh, while
the energy mix of Italy (2013) has a conversion factor of 0.343 tCO2/MWh.

Piraeus

PCT in using mainly electric equipment (9 all-electric rubber-tyred gantries (RTG) cranes from Kalmar,
9 E-RTGs, 15 electric rubber-tyred gantry cranes).

Based on the Environmental Report (Piraeus Port Authority S.A. 2016) there is a reference in
renewable energy sources. In the frames of PPA’s Investment Plan 2011-2016, The PPA’s first solar
park generating energy using photovoltaic panels has been put into operation in July 2016,
generating up to 430 kWp.

In 2017 35.169.243 KWh were consumed (Source: Answer to question form from Operational
manager in PCT).

Additionally, green energy is not produced for the container terminal (Source: Answer to question
form from Operational manager in PCT).

Operational objective check:
Not adequate information for a conclusion regarding electricity consumption.

The operational objective regarding the energy produced from renewable sources is not realized and
consequently, green energy should be introduced in the terminal.
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Livorno

Terminal Darsena Toscana:
The electricity consumed by cranes is presented in Figure 43 and it is normalized by the number of
vessel moves.
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Figure 43: Electricity consumption in the TDT and GIP (Source: TDT)

It can be observed that the electricity consumption in the container terminal is remaining constant
over the last 8 years. More specifically, the cranes’ electricity consumption is maintained in the same
levels, being proportionate to the number of vessel moves that are performed.

Terminal Lorenzini:
The yearly electricity consumption of the Lorenzini container terminal was 1.500.000 kWh in 2016
(Source: Answer to question form from Project manager of Terminal Lorenzini).

Operational objective check:

The electricity consumption is stable and the fuel consumption, as it can be seen in a previous sub-
chapter is remaining almost stable as well, but with a relatively high ratio of consumption over a
number of containers, units handled. Therefore, it will be probably needed to shift more to
electricity consumption, while optimizing the total consumption of the terminal. No information
regarding energy generation and consumption from renewable sources.

H2. People

H2.1 Employment opportunities

Piraeus

The total number of employees\workers that normally work in the container terminal area, inclusive
of subcontractors (averages yearly) is approximately 800 per shift (Source: Answer to question form
from Operational manager in PCT).

An estimation of the workforce directly and indirectly related to the container terminal's operation
would be approximately 3.000 (Source: Answer to question form from Operational manager in PCT).
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Livorno

Terminal Lorenzini:

An estimation of the workforce directly and indirectly related to the container terminal's operation
would be over 70 directly dependent and over 100 indirectly (Source: Answer to question form from
Project manager of Terminal Lorenzini)

H2.2 Safety levels

Piraeus

Yearly mean accidents at work (container terminal) with sick leave are zero (Source: Answer to
question form from Operational manager in PCT).

8 Health and Safety Training Programs were planned in total comprising from 128 training hours
(Source: Answer to question form from Operational manager in PCT).

The most current Master Plan (2018) of the port of Piraeus, analyses the strategic plans within a
horizon of 15 years, however, climate change adaptation strategies are not elaborated.

Livorno

In the terminal Lorenzini there are safety and health training of 980 hours in the year of 2017 (First
aid, generic and specific risks, work-related stress etc.) (Source: Answer to question form from
Project manager of Terminal Lorenzini).

H2.3 Land use changes
The information that is presented in the present sub-section is formed by the author during the site
visits of the port of Piraeus and Livorno.

It should be emphasized as a general fact for both ports, that the ancient Mediterranean ports have
slowly reached equilibrium with the urban tissue that surrounds them.

Piraeus

An actual buffer zone (noise barriers- vegetation) does not exist in the port-city interface in the port
of Piraeus. The commercial land use surrounding the port acts as a buffer zone.

Livorno

An actual buffer zone (noise barriers- vegetation) does not exist in the port-city interface in the port
of Livorno. The commercial land use surrounding the port acts as a buffer zone.

H2.4 Recreation and aesthetics
The information that is presented in the present sub-section is formed by the author during the site
visits of the port of Piraeus and Livorno.

The port of Livorno, similarly with the port of Piraeus, is a historical port and its layout has been
almost the same for decades. The ports can be considered as a barrier to the seafront in some parts;
however, their areas for development of recreational activities exist. A breakwater is constructed
along the port, but it cannot be considered to cause any aesthetical obstructions.

Specifically for the container terminals, the cranes and possibly the stacked and stored containers
could cause pressure in the aesthetics.
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No information is available regarding the cash flow of recreational activities after and before the
construction of the marine infrastructures since the port of Piraeus is a historic port and the layout

was essentially set from decades.

From the results from the questionnaires presented in Chapter 3, the following graph was created

(Figure 44).

H2.5
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Figure 44: Scoring % of the Part D questions

Piraeus

Since it was not easy to access the feeling of involvement of the stakeholders of the port of Piraeus,
a rough approach will be followed, based on the feeling of involvement in the decision making of the
stakeholders that answered in the questionnaire (Figure 44)

It can be concluded that only 50% of the Greek stakeholders feel involved in the port decision
making, which cannot be considered a satisfying number.

Additionally, the data regarding the port of Piraeus was not easily retrieved. Therefore it can be
concluded that the level of access to information was not high and stakeholder inclusion is not
facilitated in that sense.

Livorno

Since it was not easy to access the feeling of involvement of the stakeholders of the port of Piraeus,
a rough approach will be followed, based on the feeling of involvement in the decision making of the
stakeholders that answered in the questionnaire (Figure 44)

It can be concluded that less than 50% of the Greek stakeholders feel involved in the port decision
making, which cannot be considered a satisfying number.

Additionally, the data regarding the port of Piraeus was not easily retrieved. Therefore it can be
concluded that the level of access to information was not high and stakeholder inclusion is not
facilitated in that sense.
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H2.6 Traffic congestion
Since the association of the traffic with the road capacity is a complex procedure, it was decided to
approach this theme with the Google Maps tool.

Vaibhav Taneja explained that "when Smartphone users turn on their Google Maps app with GPS
location enabled, the phone sends back bits of data, anonymously, to Google that let the company
know how fast their cars are moving. Google Maps continuously combines the data coming in from
all the cars on the road and sends it back by way of those coloured lines on the traffic layers."

Piraeus

For the traffic congestion near the container terminals, the Google Maps "typical traffic layer" was
used to examine each week day's average traffic from 6 AM to 22 PM. In all cases, the roads were
shown with the green colour that corresponds to fast traffic. An example is presented in Figure 45.

Go gle Maps Typical traffic Piraeus Container Terminals Wednesday 12:25

Imagery ©2018 Google, Map data ©2018 Google  200m

Typical traffic Fas! W= - S/0W

S MT T E ®
o S T
Wednesday, 12:25 PM BAM 12PM 4PM 8PM

Figure 45: Typical traffic Piraeus Container terminals (Source: Google maps)

Livorno

For the traffic congestion near the container terminals, the Google Maps "typical traffic layer" was
used to examine each week day's average traffic from 6 AM to 22 PM. In all cases, the roads were
shown with the green colour that corresponds to fast traffic. An example is presented in Figure 46.
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Go g|e Maps Typical traffic Livorno Container Terminals Wednesday 12:25

Imagery ©2018 Google, TerraMetrics, Data SI0, NOAA, U.S. Navy, NGA GEBCO, Map data ©2018 Google ~ 200m

Typical traffic Fast W — 50
— e

sMT@Trs T

Nednesday, 12:25 PM 8AM 12PM 4PM 8PM

Figure 46: Typical traffic Livorno Container terminals (Source: Google maps)

H3. Profit

H3.1 Intermodality

Piraeus

In the next figure the intermodality of Piraeus container terminals is shown:

NORTH GREECE

SOUTH GREECE

Legend

~—— Roads \
== Railroads

Figure 47: Piraeus container terminal intermodality (own realization)
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Rail connection

The railroad connection is functional from 2013 when it was reconnected to the national rail system
and the under-construction intermodal freight centre of OSE SA in Attica. The area extends for
85.000m2, to the north of Pier Il and Ill. Rail tracks 4 x 680m.

As it was mentioned in the Piraeus Focus Group, there is an urgent need for an upgrade of the rail
network connection to the container terminal.

There is no specific information regarding the exact number of TEUs entering/exiting by rail but they
are not expected to be over 5.000 TEUs.

Distance from airport
50-60 km (depending on the route selected)

Livorno

All the text below (A. Penfold, Ocean Shipping Consultants, and FCS 2015):

The main access to the Port of Livorno is the A12 “Genova-Livorno-Rosignano". Along with its route
there are numerous and important connection nodes with other motorways such as Al1 Firenze-
Mare (in turn connected to A1 Milano-Napoli), A15 Parma-La Spezia, A10 Genova- Ventimiglia and
A7 Genova-Milano.

Rail connection
From the website of Livorno Port Authority:

Terminal area rail  49.500 m2.
Rail Tracks 3 x450 m.

Figure 48: Port of Livorno intermodality. Source: Trail Liguria
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After the meeting/interview held in TDT with Dr Valerio Liperini, Head of Operational Management
of Terminal Darsena Toscana, the following statistics (Table 48) regarding the yearly TEUS
imported/exported by train.

Table 43: TEUs imported/ exported by train in TDT
2010 2011 2012 2013 2014 2015 2016 2017

TEUs inported/exported by train 74.211 | 61.352 | 62.693 | 61.913 | 57.317 | 70.844 | 69.033 | 72.497

Comparing with the total throughput in the terminal Darsena Toscana it can be calculated that each
year the import/export of the TEUs ranges around 15%.

Distance from airport:
20-30 km (depending on the route selected)

H3.2 Productivity
H1.2.1 TEUs traffic per year

Piraeus

In Table 44, the throughput of Piraeus over the years is presented derived from various sources.
There were not a complete time-series over the last 20 years, for this reason, it was chosen to
retrieve data from different sources, compare them and create a full timeline. It is noticed that the
values from the different sources present some differences, however, they are relatively low.

It should be noted that the data from ELSTAT (Hellenic Statistical Authority) and EUROSTAT are
provided in tons, whereas all the other values are representing TEUs.

Table 44: Container traffic port of Piraeus (Sources are indicated in the table)

Container Traffic Piraeus
Containerisation

Sources: ELSTAT EUROSTAT |International UNCTAD |AAPA-ports|PPA UNCTAD |IAHP
Refering to: |PIRAEUS all |PIRAEUS all [PIRAEUS all PIRAEUS all |PIRAEUS all [Piraeus (partly) [Explanation of PPA data|GREECE Piraeus All
Years Tonnes Tonnes TEUs TEUs TEUs TEUs TEUs TEUs

2000 1.161.000

2001 1.166.000

2002 1.404.939

2003 1.605.135

2004 1.541.563

2005 1.394.512

2006 1.403.408

2007 1.373.138 1.373.138

2008 2.998.000 433.582 433.582

2009 5.071.000 664.895 664.895

2010 7.888.000 850.000 513.319(From June only Pier | 1.089.607

2011 18.676.000 1.681.000 490.904|Pier | 1.976.003

2012 30.326.000 2.734.004 625.914(Pier | 3.051.755[ 2.734.000

2013 34.946.000 3.199.000, 644.055(Pier | 3.486.310 3.164.000

2014| 36.341.606| 36.342.000 3.493.000 3.934.713| 3.585.000

2015| 33.288.557| 33.289.000 3.360.000( 3.287.000| 3.360.000 3.679.000( 3.330.000

2016( 35.461.919( 35.462.000 3.750.000 3.735.805 4.026.000| 3.737.000

2017| 38.813.456

In the Master Plan, PPA S.A., 2018 it is stated that the traffic at the container station marked a
significant reduction due to the continuation of the transhipment of MSC, the main client of Pier |, at
its terminal in Turkey (ASIA PORT). More specifically, despite a significant increase of 26% in
domestic cargo (from 49,275 to 61,980 TEU's), the total transit cargo commodity of the terminal
decreased from about 255,581 TEU's in 2015 to 203,658 TEU's in 2016.

The average ship calls per year are 2.477 in PCT but the vessel capacity data is not available (Source:
Answer to question form from Operational manager in PCT).
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Livorno

The traffic in TEUs in the container terminals of Livorno are indicated in Table 46, Table 46 and Table

47.

Table 45: Container Traffic in the port of Livorno 2000 -
2008 (Source: Port Authority of Livorno, 2008)

Container Traffic

Year TEUs (transshipment included)
2000 531.759
2001 531.814
2002 546.882
2003 592.778
2004 638.586
2005 658.506
2006 657.592
2007 745.557
2008 778.864

Table 47: Container traffic in the port of Livorno 2012-
2016 (Source: Dichiarazine ambientale 2015-2018(Sig

Franco Fagioli 2015 and 2017)

Container Traffic

Year TEUs (transshipmentincluded)
2012 549.047
2013 559.180
2014 577.471
2015 780.784
2016 800.475

Table 46: Livorno Port volumes from 2008 —
2014 (Source: Livorno Port Authority / Ocean
Shipping Consultants)

‘000 TEUs

2008 2009 2010 2011 012 213 2014
Import 33936 26311 27826 28864 25983 263.03 26330
Ex port 356.56 27310 29997 305.01 26271 26432 25560
Transshipment 8294 5585 5026 4416 2651 3183 5
Total T78.86 592.05 62849 637.80 549.05 55918 57747
% Transshipment  10.65% 0.43% G6.00% 692% 4.83% 5.69% 10.04%
Full - Local 92432 40504 ANMST 46135 40033 40105 39279
Empty - Local 17160 13117 13886 13229 12222 12630 1261
Total 69592 536.20 578.23 509364 52254 52735 519.50
Source: Livomo Port Authority | Ocean Shipping Consulents

Terminal Darsena Toscana:
The yearly TEUs handled in their terminal are presented in Table 48.

Table 48: Yearly throughput TDT during the period 2007 — 2017 (Source: TDT)

Units
Full
Empties

Trashpment

Teus

Turnover

2007 | 2008 | 2009 @ 2010
319.925 |368.731 | 281.347 |292.115
217.823 |256.597 |201.671 | 214.368
67.787 | 71.517 | 52.965 | 56.070
34.315 | 40.617 | 26.711 | 21.677
501.394 |588.778 |451.921 |467.600

95,0 96,0 96,2 98,3

2011 2012 2013
296.793 | 259.863 | 265.925
223.383 | 191.087 | 189.741

53.084 | 56.243 59.117
20.326 12.533 17.067
471.188 | 406.829 | 417.088
97,8 102,0 104,2

2014
268.293
175.487

60.071
32.735
426.337
107,3

2015
372.530
177.762

74.080
120.688
588.472

101,5

2016

400.882
187.009
76.002
137.871
640.854

98,4

2017 al 30/06/2018

333.171 153.545
175.931 89.774
71.662 25.787
85.578 37.984
515.792 243.109
96,3 93,3

Comparing the throughput statistics for the years 2008 - 2014 that are available for both for the
whole port of Livorno as well as individually for the Terminal Darsena Toscana, it can be observed
that every year the TDT takes over approximately the 75% of the total container traffic in the port.
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In Table 49 the total number of container ships that arrive in the port each year.

Table 49: Container ships calls/ year TDT for the period 2010-2017 (Source: TDT)
2010 2011 2012 2013 2014 2015 2016 2017

Container ship calls/ year 546 652 565 542 580 791 827 749

Terminal Lorenzini:

In the year of 2017, the container traffic in the Lorenzini container terminal was 170.000 TEUs
(Source: Answer to question form from Project manager of Terminal Lorenzini). Even though the
information is not adequate to draw a conclusion about the evolution of the terminal, the traffic that
is handled is approximately 1/3 of the traffic in the Terminal Darsena Toscana.

The average ship calls per year are over 200 and their capacity is raging between 7.000 and 9.000
TEUs (Source: Answer to question form from Project manager of Terminal Lorenzini).

H1.2.2 Transhipment

Piraeus

It was not possible to gather data regarding transhipment in PCT.

Livorno

The transshipment in the container terminal of Livorno is presented in Table 50 from (A. Penfold,
Ocean Shipping Consultants, and FCS 2015).

Table 50: Port of Livorno Regional Transshipment Market ( Source: A. Penfold, Ocean Shipping Consultants, and FCS
2015)

Livorno Regional
Container Per cent
Transshipment share
Market
Year TEUs 2%
2000 17.800 0,3
2001 29.900 0,4
2002 27.100 0,3
2003 52.200 0,6
2004 59.300 0,6
2005 57.100 0,5
2006 61.300 0,5
2007 74.700 0,5
2008 82.900 0,6
2009 55.800 0,4
2010 50.300 0,3
2011 44 200 0,3
2012 26.500 0,2
2013 31.800 0,2
2014 58.000 0,4

In Table 51 the yearly TEUS (related to transshipment) handled in their terminal are presented.

Table 51: Transhipment volumes TDT for the period 2007-2017 (Source: TDT)
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2007 = 2008 2009 2010 2011 2012 2013 2014 2015 @ 2016 @ 2017 al 30/06/2018
Trashpment  34.315 | 40.617 | 26.711 | 21.677 | 20.326 12.533 17.067 32.735 120.688 |137.871 | 85.578 37.984
Teus 501.394 | 588.778 | 451.921 | 467.600 | 471.188 | 406.829 | 417.088 | 426.337 |588.472 |640.854 |515.792 243.109

In the above table, it can be observed that the transhipment volumes are rather low, they reflect a
percentage of 6% in the first years, while after 2105 it increases to 20% approximately.

Comparing with the statistics regarding transhipment of containers for the whole port of Livorno it
can be observed that approximately 50% of the container transhipment of the port is taken over
from Terminal Darsena Toscana.

H1.2.3 Vessel time spent in the port

Piraeus

The average vessel time spent in the port for 2016 and 2017 are presented in the following table:

Table 52: vessel time spent in the port (Source: PCT)
Feeder Mother
Vessels Vessels

2016 19,82h | 22,33h

2017 20,72h | 22,67h

Operational objective check:

The container vessel time spent in the port should be approximately 0.80 days. For mother vessels,
the average time is approximately 0.9 days which is higher than the average vessel waiting time in
the world.

Livorno

It was not possible to retrieve information regarding the vessel time spent in the container terminals
of Livorno.

H1.2.4 TEUs/crane/year (Crane Utilization)

Piraeus

It was not possible to retrieve information regarding the crane utilization in the PCT.

Livorno

In the following table Table 53, it is presented the crane utilization in the port of Livorno.

Table 53: Annual productivity — TEUs per STS Gantry Cranes (A. Penfold, Ocean Shipping Consultants, and FCS 2015)

Year TEUs
2010 78,560
2011 63,780
2012 54,900
2013 62,130
2014 64,160

Operational objective check:

Although there is not more recent information about the annual crane productivity, it can be
concluded that considering that the crane utilization should approximately 100,000-150,000
TEU/gantry crane/year, Livorno is placed a bit lower than the limit.
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H1.2.5 Moves/crane/hour (Crane productivity)

Piraeus

27 movements per hour per crane are performed in PCT (TEU data is not available) (Source: Answer
to question form from Operational manager of PCT)

Operational objective check:
The crane productivity should be approximately 25—-40 crane moves per hour. The crane productivity
of Piraeus Container Terminal is within the limit that was set.

Livorno

The statistics regarding the TEUs that are handled per hour per crane type for each year are
presented in Table 54.

Table 54: TEUs/hour/crane in TDT for period 2010-2017
2010 2011 2012 2013 2014 2015 2016 2017

TEUs/hour/crane type 24,74 24,42 25,05 25,83 21,22 28,06 24,79 23,05

Operational objective check:
The crane productivity should be approximately 25—40 crane moves per hour. The crane productivity
of terminal Darsena Toscana especially in the last years is smaller than the lowest limit that was set.

H1.2.6 Measure of moves per berth meter

Piraeus

A total of 1.487,20 container moves per berth meter per year(TEUs/berth meter/ year) are realized
in PCT in 2017 (Source: Answer to question form from Operational manager of PCT).

Operational objective check:
The number of moves per berth meter of the PCT is very close to the target that was set large ports
(1,500-1,750 TEU/berth metre/year).

Livorno

The annual Productivity TEUs per berth length for the port of Livorno is presented in Table 55.

Table 55: Annual Productivity TEUs per Berth Length ( Source: A. Penfold, Ocean Shipping Consultants, and FCS 2015)
Year TEUs

2010 439,5
2011 446,01
2012 385,95

2013 391,03

2014 403,83

Terminal Darsena Toscana:
In Table 56 are presented the number of container moves performed in each meter for each year.
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Table 56: Container moves/ berth meter/year TDT for period 2010-2017 (Source: TDT)
2010 2011 2012 2013 2014 2015 2016 2017

Container moves per meter per years (TEUs/meter/year) 334 337 291 298 305 420 458 368
Operational objective check:

A target level 400-500 TEU/berth metre/year for smaller ports and terminals is achieved from the
port of Livorno.

H1.2.7 Number of simultaneous cranes per vessel type

Piraeus

No information regarding the simultaneous cranes working per vessel was retrieved from PCT.

Livorno

No information regarding the simultaneous cranes working per vessel was retrieved from the
container terminals of Livorno.

H1.2.8 Truck time spent in the terminal area

Piraeus

The Average time the trucks remain in the terminal area is 17 minutes (Source: Answer to question
form from Operational manager of PCT).

Livorno

No information regarding truck time spent in terminal area.

H3.3 Personnel training

Piraeus

A total of 28 productivity training programmes are taken in Piraeus Container Terminal that consist
of 941 training hours (Source: Answer to question form from Operational manager of PCT).

Livorno

In the Lorenzini container terminal in 2017, 1.400 hours of work productivity trainingprogrammes
were held (Source: Answer to question form from Project manager of Terminal Lorenzini).

H3.4 Terminal potential
It indirectly depends on the type and number of cranes and available land area.

Piraeus

e Capacity Pier I: f 1 million TEUs
e Capacity Pier II: 3.2 million TEUs
e Capacity Pier lll: 2.3 million TEUs

Livorno

From the website of Livorno Port Authority: Capacity 900.000 TEUS approx.
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H3.5 Quay length

Piraeus

e Total Operational Quayside for PIER II: 1.480 meters
e Total Operational Quayside for PIER Ill: 1.000 meters

Livorno

e Quay length Darsena Toscana: 1.430 m.
e Berth Length Darsena Toscana: 526 m

Specifically for Lorenzini Container terminal: Quay length is 480m (Source: Answer to question form
from Project manager of Terminal Lorenzini).

H3.6 Operational Depth

Piraeus

Quay depth varies between 14,5 — 19,5 m (Source: Answer to question form from Operational
manager of PCT).

Livorno

Quay depth: 13, m.

Specifically for the Lorenzini container terminal, the operational depth equals to 11.5 m (Source:
Answer to question form from Project manager of Terminal Lorenzini).

H3.7 Total yard area

Piraeus

The total yard area of the PCT is approximately 1,8 square kilometres.

Livorno

Specifically for Lorenzini Container Terminal, the total yard area is over 90.000 m?*(Source: Answer to
question form from Project manager of Terminal Lorenzini)

H3.8 Equipment

Piraeus

e 13 Super Super Post Panamax,

e Super Post Panamax

e 12 Post Panamax

e 22 Rail-Mounted Gantry Cranes (RMGs)

e 40 Electrified Rubber Gantry Cranes (ERTGs)

Livorno

From the website of Livorno Port Authority:
e 8 Quay cranes
e 14 RTGs

20 Reach Stackers

38 Lighting Towers
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Table 57: Total number of STS Gantry Cranes (A. Penfold, Ocean Shipping Consultants, and FCS 2015)

Year #
2010 8
2011 10
2012 10
2013 9
2014 9

Based on the Answer to question form from Project manager of Terminal Lorenzini, specifically for
the Lorenzini container terminal the crane types that are operated are:

e N. 2 Gottwald HMK 7608 tons 150

e N.1 Gottwald HMK 7408 tons 100

e N. 2 Gru mobile Gottwald HMK 300 tons 100

e N. 1 Gru mobile Fantuzzi Reggiane MHC 115 tons 75

e N. 4 RTG Noell Fantuzzi 5+1 AC.

H3.9 Expandability
H1.9.1 Master plans proposals

Piraeus

According to the latest concession amendment (L.4315/2014-GG269A/2014, Figure 49) the final
phase of Pier Il will comprise the east dock (204.940m? - 600m quay), the west dock (135.590m” -
770m quay) and the oil terminal (12.802m? - 250m quay) at the south quayside. The total annual
capacity of Pier 1l will be 3.000.000 TEUs.

In addition to Piers Il and IlI, the concession to PCT SA comprises a land area of 174.590m’. The
railways terminal extends in an area of 85.000m” to the north of Pier II.
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Figure 49 Plan of the final phase of Pier Ill and Pier Il (source: L.4315/2014-GG269A/2014)

In the Master Plan, PPA S.A., it is mentioned that an Investment Plan was approved in October by
decision of the Board of Directors the implementation, amounting to € 137.5 million only for 2017,
as an integral part of PPA's total mandatory investment plan but also of the voluntary investment
plan planned by COSCO SHIPPING (Hong Kong) Limited to make Piraeus port a further commercial
hub and an international cruise and ship repair center. The investments involve, among others, the
improvement of the port infrastructures as well as repair works for the Container Terminal I.

Livorno

The new Port Authority has been instituted with the Italian Presidential Decree n. 169, 4/8/2016.

The Europa Platform is planned to be built. A financial Engineering Plan for the development of the
Logistic node of Livorno through the Implementation of the First Phase of the Platform Europe Is
conducted.

It will have an operational depth of 16 m to increase the competitiveness of the terminal. In that way,
it could be “future proofed" for any eventual increase of vessel size in the future (A. Penfold, Ocean
Shipping Consultants, and FCS 2015). It is also noted that this operational depth would correspond
to a maximum capacity of 12.500 TEUs.

The following plans regarding the various phases of the planned port expansion are extracted from
the New Master Plan of the Port of Livorno — Articulation of the temporal interventions (Autorita di
Sistema Portuale del Mar Tirreno Settentrionale 2017).

Deltares — TU Delft

170 | Page



Appendix H Current state of two container terminal case studies

First phase

VARE TIRRENOD

Figure 50: First phase plans of the planned port expansion from the New Master Plan of the Port of Livorno

Second phase
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Figure 51: Second phase plans of the planned port expansion from the New Master Plan of the Port of Livorno
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Third phase

MARE TIRRENO

Figure 52: Third phase plans of the planned port expansion from the New Master Plan of the Port of Livorno
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Appendix I

Results of application of PSAF in case studies

Marked with red are the non-achieved operational objectives, with green the achieved ones, with
orange the operational objectives for which it was not possible to retrieve information or the
information was not adequate and lastly with black the ones that were not explored by the author
due to complexity or non-relevancy with the case studies.

Table 58: Port of Piraeus container terminal: compliance with the operational objectives - Planet

Strategic sub-objective |Themes Operational objectives
 The concentration of air pollutants should be lower than the standards defined by the European Commission.
Air quality ¢ Over a period of five years, CO2 emissions must fall by 10%.

Make the port greener

o The fuel consumption should be reduced more than 20% in the next 5 years.

Soil- sediment quality
and state

¢ The heavy metals concentration in the sediment of the port basin should be Tess that the values that are defined in the
Annex |l to Directive 1999/31/EC.
The oil concentration in the soil should be less than 40 mg/kg dry.

Water column quality

¢ The concentration of Intestinal Enterococci and E.coli should be below the levels indicated from each country’s Directive.
The concentration of heavy metals in the surface waters should be lower than the maximum acceptaple concetrations
defined by the European Comission.

o The oil concentration should be less than 200 ng/L.

o The water transparency should be good, indicated with 8m of secchi disk depth

3 The water consumption should be optimized according to the traffic of the container terminal, using the treated grey
Water consumption .
waters where applicable
Noise The levels noise levels in the ports should not exceed the limits in areas that are mainly industrial defined by each

country’s Decree.

Energy consumption

o The ratio of electricity consumption to TEUs traffic should be optimized.

o The ratio of electricity consumption to fuel consumption should be increasing.

o The ratio of energy from renewable sources to the total energy consumption should be increasing.

Additionally the following more generalized operational objective is set:

o Optimize pollution reduction while maintaining a commercially-viable operation that does not significantly increase costs
and waiting times for their customers.

Table 59: Port of Piraeus container terminal: compliance with the operational objectives - People

Make the port happier

Employment
opportunities

* Value added services should be introduced both for the terminal’s economic benefit and for the introduction of new job
positions.

© The expansion of the port should come along with job opportunities in other sectors.

 The working conditions (salaries, holiday leave, allowances etc. should be satisfactory relatively to each countries’ local
economy.

Safety levels

¢ The terminal should comply with all the regulations that are put into force regarding the preventions of accidents.

¢ The personnel of the container terminal should receive regular training regarding the everyday operations of the yard
equipment, as well as handling of hazardous cargo.

e Inclusion of climate change adaptation policies in the development measures of the ports

Land use changes

o A buffer zone should exist in the port-city interface (Noise barriers- vegetation -logistics buildings and include some non-
exclusively port related activities of low intensity)
o The ratio (Residential + commercial uses)/industrial uses should be the maximum possible.

Recreation and aesthetics

o The existence of marine infrastructures damaging the aesthetics: yes/no.
o The ratio of cash flow from recreational activities after and before the construction of the marine infrastructures should
not be lowers than 1.5.

Stakeholder
involvement

¢ Using the questionnaire that was created for the context of this thesis study, more than 70% of the stakeholders should
feel involved in the decision making.
¢ The information regarding various port performance indicators should be easily accessible.

Traffic congestion

o The traffic should not exceed the carrying capacity of the road
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Table 60: Port of Piraeus container terminal: compliance with the operational objectives - Profit

Make the port richer

Table 61: Port of Livorno container

Intermodality

o  The intermodal connectivity of the port should be improved according to the needs of the container terminal and the
port (rail and road network).

Productivity

o According to the strategical goal of the port and a market analysis, the goals as to the number of TEUs in the next years
should be set by each container terminal.

o A target level of 1,000-1,250 TEU/berth metre /year should be achieved for medium sized ports with a high transhipment
component, with some 1,500-1,750 TEU/berth metre/year.

o The crane utilization should approximately 100,000-150,000 TEU/gantry crane/year.

¢ The crane productivity should be approximately 25-40 crane moves per hour.

¢ The container vessel time spent in the port should be approximately 0.80 days.

* On average, 5.5 cranes during ship working time should be capable to load and/or unload the largest container vessels.
¢ There should be a yard vehicles tracking system to optimize the average time of activity/inactivity of the yard vehicles
and the total number of movements per container unit and empty trips.

Personnel training

o There should be constant training seminars.
o The terminal should be informed about techniques and implement innovations to optimize its efficiency.

Terminal potential

o  The terminal capacity should be equal or higher than the actual container traffic.

Expandability

© The Master Plan proposals should comply with the needs of the port and the city and should be amended regularly to
include the eventual changes.
¢ The Master Plans should be designed based on the concept of flexibility and sustainable growth

Circular economy

The reuse of dredged material inside the port (if non-contaminated), the renewable energy production, the recycling, the
use of biofuels and treated grey water should be maximized within the terminals and consequently within the ports.

terminals: compliance with the operational objectives - Planet

Strategic sub-

L Themes Operational objectives
objective
® The concentration of air pollutants should be lower than the standards defined by the European
) 5 Commission.
Air quality

Make the port
greener

e Over a period of five years, CO2 emissions must fall by 10%.
¢ The fuel consumption should be reduced more than 20% in the next 5 years.

Soil- sediment quality
and state

* The heavy metals concentration in the sediment of the port basin should be less that the values that are
defined in the Annex Il to Directive 1999/31/EC.
The oil concentration in the soil should be less than 40 mg/kg dry.

Water column quality

* The concentration of Intestinal Enterococci and E.coli should be below the levels indicated from each
country’s Directive.

® The concentration of heavy metals in the surface waters should be lower than the maximum acceptaple
concetrations defined by the European Comission.

® The oil concentration should be less than 200 ng/L.

* The water transparency should be good, indicated with 8m of secchi disk depth.

Water consumption

The water consumption should be optimized according to the traffic of the container terminal, using the
treated grey waters where applicable

Noise

The levels noise levels in the ports should not exceed the limits in areas that are mainly industrial defined by
each country’s Decree.

Energy consumption

* The ratio of electricity consumption to TEUs traffic should be optimized.
® The ratio of electricity consumption to fuel consumption should be increasing.
* The ratio of energy from renewable sources to the total energy consumption should be increasing.
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Table 62: Port of Livorno container terminals: compliance with the operational objectives - People

Make the port
happier

Employment
opportunities

¢ Value added services should be introduced both for the terminal’s economic benefit and for the introduction
of new job positions.

* The expansion of the port should come along with job opportunities in other sectors.

¢ The working conditions (salaries, holiday leave, allowances etc. should be satisfactory relatively to each
countries’ local economy.

Safety levels

® The terminal should comply with all the regulations that are put into force regarding the preventions of
accidents.

® The personnel of the container terminal should receive regular training regarding the everyday operations of
the yard equipment, as well as handling of hazardous cargo.

¢ Inclusion of climate change adaptation policies in the development measures of the ports

Land use changes

o A buffer zone should exist in the port-city interface (Noise barriers- vegetation —logistics buildings and
include some non-exclusively port related activities of low intensity)
® The ratio (Residential + commercial uses)/industrial uses should be the maximum possible.

Recreation and aesthet

¢ The existence of marine infrastructures damaging the aesthetics: yes/no.
* The ratio of cash flow from recreational activities after and before the construction of the marine
infrastructures should not be lowers than 1.5.

Stakeholder
involvement

¢ Using the questionnaire that was created for the context of this thesis study, more than 70% of the
stakeholders should feel involved in the decision making.
¢ The information regarding various port performance indicators should be easily accessible.

Traffic congestion

¢ The traffic should not exceed the carrying capacity of the road

Table 63: Port of Livorno container terminals: compliance with the operational objectives - Profit

Intermodality

. The intermodal connectivity of the port should be improved according to the needs of the container

terminal and the port (rail and road network).

Make the port richer

Productivity

e According to the strategical goal of the port and a market analysis, the goals as to the number of TEUs in the
next years should be set by each container terminal.

o A target level of 1,000-1,250 TEU/berth metre/year should be achieved for medium sized ports with a high
transhipment component, with some 1,500-1,750 TEU/berth metre/year.

® The crane utilization should approximately 100,000-150,000 TEU/gantry crane/year.

® The crane productivity should be approximately 25-40 crane moves per hour.

o The container vessel time spent in the port should be approximately 0.80 days.

® On average, 5.5 cranes during ship working time should be capable to load and/or unload the largest
container vessels.

o There should be a yard vehicles tracking system to optimize the average time of activity/inactivity of the
yard vehicles and the total number of movements per container unit and empty trips.

Personnel training

e There should be constant training seminars.
® The terminal should be informed about techniques and implement innovations to optimize its efficiency.

Terminal potential

. The terminal capacity should be equal or higher than the actual container traffic.

Expandability

e The Master Plan proposals should comply with the needs of the port and the city and should be amended
regularly to include the eventual changes.
® The Master Plans should be designed based on the concept of flexibility and sustainable growth

Circular economy

The reuse of dredged material inside the port (if non-contaminated), the renewable energy production, the
recycling, the use of biofuels and treated grey water should be maximized within the terminals and
consequently within the ports.
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Appendix | Questionnaire layout, methodology and data
processing

J1.1  Questionnaire layout
The questionnaire has been prepared as an excel workbook. It was prepared first in English and then
translated into Italian and Greek. It contains two worksheets: the info-help (with a green tab) and
the questionnaire itself (with a red tab).

The info-help worksheet contains a short presentation the author, a generic and short definition of
my MSc thesis within which the questionnaire has been prepared, a declaration that there will be no
processing of the information of the senders' emails in order to protect the complete anonymity of
the interviewees, instructions regarding the answering of the various parts of the questionnaire and
a brief explanation of the various themes.

The questionnaire worksheet contains only the questionnaire which is divided into 4 parts.

There is a visible part that contains the questions and a hidden part that contains the numeric coding
of the answers and a first preprocessing of the data. As it will be explained later, a dedicated python
script grabs all data from this hidden part of the questionnaires and processes the answers.

In Part A (generic info regarding the interviewees), the interviewees must select from a drop-down
list their relation to a port (stakeholder category). If an interviewee has more than one relations to a
port (for example, if one lives near a port, works in a Port Authority and is a port expert) it is
explained that the selection should be made according to the relationship that has more strongly
influenced his/her opinion. The interviewees must also select from a drop-down list the country or
continent where they currently live and work.

PART A
General Information
Please select from the relative drop-down list

Please select the category that better describe your relation to a port (any port): | Chaose._..

Please state the country or continent you are currently living and workingin  : | Choose ...

Figure 53: Part A of the questionnaire

The various stakeholder categories were principally based on the stakeholders of the PIANC Report
n°® 150 - 2014(PIANC 2014b). The stakeholder categories list is the following:

Table 64: Stakeholder categories

I live near a port Ship chandler

Port user/passenger Fuel supplier

Port Authority Community group
Terminal operator/concessionary Environmental NGO
Stevedoring company Port Police

Transport company Fire brigade

Shipping line Customs

Shipping agency Press/media

Other port labour Scientific institutions
Logistics company Government agency
Warehousing company Region/Prefecture agency
Importer/exporter Municipality

Customs broker Port expert

Towage and pilotage Local commercial/industrial activity
Waste reception Other
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The countries/continents list is the following:

Table 65: Countries/continents

Greece

Italy

Other EU

Africa

Asia

N. America

Oceania

S. America

In Part B (general opinion on the comparative importance among the 3 PPP classes), the
interviewees are asked to compare, by pairs, the relative importance (according to their personal
beliefs and opinion) of the environment, the society and the economy, that is, they must compare
the importance of a good state of the natural environment, a society of high humanitarian values
and economic wealth, in general and not regarding a specific activity or economic sector.

The possible degrees of importance for each pair comparison are:

Less important,

Equally important,

Weakly more important,
Fairly more important,
Strongly more important,
Absolutely more important.

The interviewee must move the slider toward the theme considered more important.

PART B

General matrix: People, Planet, Profit
Please move the slider toward the theme you consider more important

< Abselutely more impertant

Strongly more important

Fairly more important

Weakly mere important
----—-—-—- Equal

Weakly more important

Fairly more important

Strongly more important

< Absolutely more important

v v v v
Environment Society
Environment 4 » Economy
Society 4 » Economy

Figure 54: Part B of the questionnaire

In Part C, three different tables must be completed, with the same logic as in Part B. All tables regard
specifically the port and its activities.

The first table (Planet) regards the main environmental direct themes that are connected to a port:

e Air quality (all emissions to the air of port-related activities)

e Seawater quality (all discharges to the sea of port-related activities)

e Water consumption (related to all port activities and structures)

e Sediment/soil quality (all substances that end in soil/sediments due to port-related activities)

Deltares — TU Delft

177 |Page



Appendix J Questionnaire layout, methodology and data processing

e Noise (noise pollution due to all port activities)
e Energy consumption (of all port activities and structures)

Other environmental themes that depend mainly/exclusively on the aforementioned themes, like
the carbon footprint (emissions to air and energy consumption), biodiversity, fauna, flora, human
health (air-water-soil/sediment-noise), etc, are not taken into account directly as they can be (more
or less quantitatively) extrapolated from the main themes.

At the end of the table, there are 3 green-coloured cells, where the interviewee can add up to 3
more basic themes.

PART C
Question matrices M1, M2 and M3: Planet, People and Profit port related themes
Please move the slider toward the theme you consider more important

[=] [=] o =] =] [=] o [=]
o a a _ = a a o
M1: Port Environmental Themes E E E E s E E E E
@ @ w ol 5 2 @ @ o
151 o o =} =} o o o
E E = = ] = E E E
= = = = i = = = =
[ B0 = = i = = [ [
= 5 £ g e £ 5 =
2 = E PR = 5
K] n | in ]
<L ! =T
v v v \:f v v v
Air Quality 4 » Water Quality
Air Quality 4 » Water consumption
Air Quality 4 » Sediment/soil
Air quality 4 » Noise
Air quality 4 » Energy consumption
Water quality 4 » Water consumption
Water quality 4 » Sediment/soil
Water quality 4 » Noise
Water quality 4 » Energy consumption
Water consumption 4 » Sediment/soil
Water consumption 4 » Noise
Water consumption 4 » Energy consumption
Sediment/soil 4 » Noise
Sediment/soil 4 4 Energy consumption
Noise 4 4 Energy consumption
The above th have imp on y , speciesand h health. If you
think there are more themes that can be measured, please add them in the green
cellsto the right (max 3 themes) ====> ‘ ‘ ‘

Figure 55: Part C - first matrix of the questionnaire

The second table (People) regards the main societal themes that are connected to a port:

e Employment opportunities (jobs connected directly and indirectly to all port activities)

e Safety levels (active prevention of accidents and other direct human health risks of all port-
related activities)

e Land use changes (all changes to land use of the surrounding urban fabric that directly and
indirectly depend on or are influenced by the port existence and activities)

e Recreation and aesthetics (recreational activities reduction and/or aesthetic/visual
degradation of the surrounding area and/or pressures on waterfront connected industries)

e Stakeholders involvement (stakeholders involvement and participation in various decisions
regarding the port, stakeholders access to information on various port-related performance
indicators)

e Traffic congestion (impacts on local road network of port-related road traffic, when the local
road capacity is exceeded it causes longer time trips, rise of transportation-commuting time-
related costs. Environmentally, it also aggravates the emissions of combustion gasses and
noise of normal traffic.
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At the end of the table, there are 3 green-coloured cells where the interviewee can add up to 3 more

basic themes.

M2: Port Societal Themes

=
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©
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=
o
G
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=
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Fairly more important

Weakly more impertant

Strongly more important
&mmmmmmeme——-—- Equial

<
<

Weakly more important

<

Fairly more important

Strongly more important

<

< Absolutely more important

Employment opportunities Safety levels
Employment opportunities Land use changes
Employment opportunities Recreation and aesthetics
Employment opportunities Stakeholders involvement
Employment opportunities Traffic congestion
Safety levels Land use changes
Safety levels Recreation and aesthetics
Safety levels Stakeholders involvement
Safety levels Traffic congestion

Land use changes

Recreation and aesthetics

Land use changes

Stakeholders involvement

Land use changes

Traffic congestion

Recreation and aesthetics

Stakeholders involvement

Recreation and aesthetics

Sl S S S P P P B P P P P N

viw|lw|lw|w | w iw|lw|w i w v v iv iw | w

Traffic congestion

Stakeholders involvement

Traffic congestion

The above themes are related to the social and
the port. If you think there are more themes that can be measured, please add
them in the green cells [max 3 themes)

surr -4

====> ‘

Figure 56: Part C - Second matrix of questionnaire

The third table (Profit) regards the main economic themes of the internal environment of a
container terminal:

e Intermodality (access to main trunks of the road network, connections to the rail network,
distance from airports, transshipments)

e Productivity(Productivity and efficiency of the various container terminal operations)

e Personnel training

e Terminal potential (maximum TEUs capacity, total quay length, operational depth,
equipment)

e Expandability (possibility of expansion of land and/or sea infrastructures and achievement of
suitable depths for super Post Panamax)

e Circular economy (repairing, reusing, refurbishing, recycling, upcycling, etc)

At the end of the table, there are 3 green-coloured cells where the interviewee can add up to 3 more
basic themes.
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Terminal potential

Circular economy

2 2 g ot 2 2 g ¢
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Intermodality 4 » Productivity
Intermodality 4 » Personnel training
Intermodality 4 » Terminal potential
Intermodality 4 » Expandability
Intermodality 4 » Circular economy
Productivity 4 » Personnel training
Productivity 4 » Terminal potential
Productivity 4 » Expandability
Productivity 4 » Circular economy
Personnel training 4 » Terminal potential
Personnel training 4 » Expandability
Personnel training 4 » Circular economy
Terminal potential 1 4 Expandability
4 »
4 »

Circular economy

Expandability

The above themes are related to the internal economic environment of a
container terminal. If you think there are more themes that can be measured,
please add them in the green cells to the right (max 3 th ) | ‘ | |

Figure 57: Part C - Third matrix of the questionnaire

In Part D, a series of 29 statements are presented and the interviewees must select a degree of
agreement or disagreement to the statement from a drop-down list. The available levels are (typical
five-level Likert scale):

Strongly disagree
Disagree

Unsure

Agree

Strongly agree

The first 15 statements are those of the revised New Ecological Paradigm (NEP-R) scale test (Dunlap
et al, 2000) and assess the level of eccentricity or anthropocentricity of groups of persons.
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PARTD:
Questions 1-29
For each statement, please select your level of agreement from the drop-down fist on the right

We are approaching the limit of the number of people the Earth can support |c~m -

Humans have the right to modify the natural environment to suit their needs |cm -

When humans interfere with nature it often produces disastrous consequences |c~w¢ -

Human ingenuity will insure that we do not make the Earth unlivable |cm -

Humans are serigusly abusing the environment |l:"\|o-oa= -

The Earth has plenty of natural resources if we just learn how to develop them |E‘nme -

Plants and animals have as much right 25 humans to exist |cm -

The balance of nature is strong enough to cope with the impacts of modern industrial
nations

o9 Despite our special abilities, humans are still subject to the laws of nature |E"\-o-oae - 0
10 The so-called "ecolagical crisis” facing humankind has been greatly exaggerated |E"\-o-oae - 0
11 The Earth is like 2 spaceship with very limited room and resources |c~w¢ - o
17 Humans were meant to rule over the rest of nature |c~w¢ - 0
13 The balance of nature is very delicate and easily upset |c~w¢ - o
14 Humans will eventually learn encugh about how nature works to be able to control it |c~w¢ - o
= Ifthings continue on their present course, we will soon experience 3 major ecological |':L"m'= i 3

1]
8] 2 A P

catastrophe

Figure 58: Part D questionnaire- Questions from 1 - 15

Questions from n.16 to n.22 and n.25 regard various port sustainability, well documented and
accepted statements:

16. Green growth is based on a proactive long-term vision (PIANC 2014)

17. Sustainability growth will be better ensured by closely monitoring KPI’s defined from a
long-term perspective (IAPH-PIANC 2017)

18. Tailor-made approaches for sustainable solutions in each port (PIANC 2014)

19. Efficiency and sustainability should be considered as complementary drivers (PIANC 2014)
20. The financial healthiness of the port companies is an indication for the long term stability
and economic sustainability of the port (PORTOPIA 2017)

21. Circular economy to create linkages between the ports and the city local economy
(https://www.docksthefuture.eu/circular-economy-as-a-tool-to-facilitate-the-transition-of-
the-european-port-cities-to-the-sustainable-low-carbon-economyy/)

22. Stakeholder involvement and participation (PIANC 2014)

25. The size of the port, in accordance with specialization conditions, and overall traffic
emissions have a direct relationship with the level of sustainability of ports (Laxe et al., 2016)

Finally, statements 23,24, and 26 to 29 are used to understand the interviewee's personal opinion
on the port and container terminal.

Statement 23 assesses the level of desired involvement of a stakeholder in the business
strategies of a port, and statement 24 the level of desired involvement in the environmental
strategies of the port.

Statement 26 and 27 assess a general opinion on the environmental and socioeconomic
impacts of a port.

Statement 28 assesses the feeling of involvement/participation in various port-related
decisions.

Statement 29 assesses the opinion on the port's approach toward sustainability.
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15 Port's green growth is based on a proactive long-term vision | Troose .

. Sustainability growth will be better insured by closely meonitoring KPI1's (Key Performance |
Indicators) defined from a long term perspective -

1B For each port are necessary tailor made approaches for sustainable solutions |C‘m .

i3 Port's efficiency and sustainability should be conzidered a= complementary drivers | Cocze

The financial healthiness of the port companies is an indication for the longer term
stability and economic sustainability of the port

21 Circular economy can create linkages between the ports and the city local economy | Troose . D
7 Stakeholders involvement and participation are important for the port's sustainable

sroawth
23 All stakeholders should be involved in the port's business strategies | Croose_.. 0
24 All stakeholders should be involved in the port's environmental strategies | Croose .. 0

The size of the port, in accordance with specialisation conditions, and overall traffic
emiszions have a direct relationship with the level of sustainability of ports

5 Acontainer terminal has serious negative impacts on the natural environment ||:-ms= -

. Acontainer terminal has important positive effects on the socio-economic environment |
of a city _

My opinion is important for the decision-makers of the container terminal and the port in
general

i
] [l b i b ol L e

The reduction of the container terminal's environmental footprint, the Corporate Social

29 Responsibility and/or the Triple Bottom Line (PPP) are among the major strategic [
objectives of Port Authorities and Container Terminal Operators

=

Figure 59: Part D questionnaire - Questions from 16 - 29

J1.2  Questionnaire methodology
Part A

Part A permits to divide the interviews into country groups and stakeholder categories. This fact
permits potentially the multidimensional examination of the various results of the questionnaire by
various combinations of country and stakeholder categories.

Parts B and C

Parts B and C have been designed according to the Analytic Hierarchy Process (AHP) pair comparison
method, a multiple criteria decision-making method originally developed by Saaty in 1977 (Saaty
2008; Pandian 2013a; C. Y. Ng and Chuah 2014; Bunruamkaew 2012; Mu and Pereyra-Rojas 2017).
More information regarding the AHP can be found in Appendix A .

From the matrix in Part B, the weights of the environment class W,, the societal class W, and the
economy class W, are calculated. From the 3 matrices of Part C, the weights of the six themes for
each of the above classes are calculated (6xW,;, 6xW;;and 6xW,\, where i,j,k are the environmental,
societal and economic themes respectively). The resulting adjusted weight for each theme i, j and k
is calculated as We*W,;, W *W,; and W *W respectively.

In Part B, a pairwise comparison matrix (3X3) has being created for the 3 sustainability classes
(environment, social, economic). A nine-point scale has been used for the comparison answers as
follow:

e Equally important=1

e Weakly more important=3

e  Fairly more important=5

e Strongly more important=7

e Absolutely more important=9

e Lessimportant = NILL

Deltares — TU Delft

182 |Page



Appendix J Questionnaire layout, methodology and data processing

The excel table of the matrix requires from the user to compare simultaneously the pair and reverse
pair with a slider that must be positioned toward the most important element of each pair. In the
hidden part of the workbook the answers are coded automatically.

From the answers array, a new array of normalized values was created (dividing the cell value by the
sum of its column values) and the mean value of each row of the new array corresponds to the
user's weight (or overall priority) for each of the 3 PPP classes as indicated in the following tables
(Table 66, Table 67 and Table 68)

Table 66: Answers array (A1)

Factor C1 Cc2 Cc3

Cc1 1.00 7.00 3.00
Cc2 0.14 1.00 0.20
c3 0.33 5.00 1.00
Total 1.48 13.00 4.20

Table 67: Normalized array (A2)

c1 Cc2 c3
Factor . . .
normaliz | normaliz | normaliz
C1 0.68 0.54 0.71
Cc2 0.10 0.08 0.05
Cc3 0.23 0.38 0.24
Table 68: Resulting weight for each factor
C1 C2 Cc3 Average
Factor . . . .
normaliz | normaliz | normaliz | weight
c1 0.68 0.54 0.71 0.64
Cc2 0.10 0.08 0.05 0.07
c3 0.23 0.38 0.24 0.28

The consistency of the resulting weights was checked by calculating the consistency ratio (CR): For
each row of the A2 array the consistency measure was calculated (the matrix multiplication of the
average weight column of A2 per the corresponding row of Al divided by the A2 row's average
weight).

Table 69: Consistency measure

Factor C1

e
C1 < 1.00 7.00 3.00
Cc2 0.14 . 0.20
Cc3 0.33 5.00 1.00
Total 1.48 13.00 4.20

Cc1 c2 c3 Averagq’ Consistency

Factor ) ) ) )

normaliz | normaliz | normaliz | wei measure
C1 0.68 0.54 0.71 0.64] 3.12145699 | 4=
C2 0.10 0.08 0.05 0.07])3.01269163
Cc3 0.23 0.38 0.24 0.28) 3.06238685

e

The Amax is the average of the column of the consistency measures. The consistency index of the
array A2, Cl = (Amax —n)/(n— 1) (n = the order of the matrix).

The consistency ratio (CR) of the answers is calculated by dividing the consistency index ClI by the
random index RI, CR = CI/RI. The random index for 3™ order matrices is 0.58 and for 6™ order
matrices are 1.24 (Saaty and Tran 2007).
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Table 70: Final step to calculate the consistency ratio

Factor c1 c2 c3 Average | Consistency
normaliz | normaliz | normaliz | weight measure
C1 0.68 0.54 0.71 0.64| 3.12145699
C2 0.10 0.08 0.05 0.07| 3.01269163
C3 0.23 0.38 0.24 0.28| 3.06238685
cl 0.03]
RI 0.58
C.Ratio 0.06|

If the ratio was CR < 0,1 the results were accepted, else the user's PART B and C were discarded (but
recorded in a separate array).

The 3 (6x6) matrices of Part C have been processed using the same method described above (this
time for 6™ order square matrices), and using the resulting weights of Parts B and C, the final weight
of each theme have been calculated.

Part D
The initial thought for Part D was that of using it to roughly assess:

a. the interviewee's familiarity with the port sustainability concept (putting in doubt some well-
accepted statements)

b. the interviewee's generic opinion on the environmental and societal impact of a port and a
container terminal

c. the extension of involvement on the port's decisions that the interviewee considers
necessary (as part of a stakeholder category)

d. the interviewee's opinion on how much the port takes into account sustainability issues and
stakeholders' needs/requests.

It was decided, however, to include the aforementioned revised New Ecological Paradigm (NEP-R)
scale test initially developed in 1978 (Dunlap 2000; Anderson 2012; Dunlap and Van Liere 2008) that
is worldwide used to measure the environmental concern/attitudes of groups of people. It is not in
the intentions of this thesis to examine deeply and in details the NEP results of the questionnaires.
For each grouping of the questionnaire results, the NEP scores will be simply stated (as the average
of the 15 answers).

The NEP scoring is based on a separate scale for the odd and the even question numbers. For the
odd number questions (pro-ecological) the score is:

Strongly disagree=1

e Disagree=2

Unsure=3

o Agree=4

Strongly agree=5

For the even number questions (pro-societal) the score is:
e Strongly disagree=5
e Disagree=4

Unsure=3

Agree=2

Strongly agree=1
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Results above 3 indicate the degree of pro-ecological attitude, while below 3 the degree of pro-
societal attitude.

It could be the objective of a follow-up research to evaluate eventual patterns that connect NEP
scores to the rest of the questionnaire results and study/explore the multifaceted implications that
might arise.

Questions from n.16 to n.22, plus question n.25 (used to assess the familiarity of the interviewee to
the concept of port sustainability) score as follows:

e Strongly disagree=1

e Disagree=2

e Unsure=3

o Agree=4

e Strongly agree=5

The average of these answers score should roughly reflect the degree of the interviewee's (intuitive
or scientific) knowledge on port sustainability issues (1=poor to 5=strong).

With the same scoring system, each of the remaining answers was assessed.

J1.3  Questionnaire data processing

The questionnaire excel file that was sent to the interviewees had the questionnaire worksheet
locked with a password. Only the drop-down lists and the slider controls were unlocked together
with the columns where lists and sliders had cells linked or referenced to them. For example, the
drop-down list for the stakeholder category was linked to cells M35: M42 that contained 30
stakeholders’ categories and cell O35 was referenced as an index of the drop-down stakeholder list
selection. In order to avoid accidental changes of all the cells that contained formulas or references
and could not be locked (because the user's input should indirectly change the values in these cells),
the columns after the questionnaire questions were hidden.

It was desired to process all questionnaires data automatically, so both initial and modified
guestionnaires had exactly the same structure in the (hidden) results' tables and cells. After
searching on the Internet and talking to Mr Etmektzoglou, a physicist with two MScs in software
system development, it was decided to use Python for the data grabbing from the excel files and
their processing. Two skeleton scripts were written, with the invaluable assistance of Mr
Etmektzoglou, who also controlled (and debugged) the rest of the code that the author has inserted.

The first script reads the necessary data from all the excel files that are included in a subdirectory
(where all questionnaires are saved) and creates various 2D or 3D numpy arrays that are
subsequently processed. For all arrays, the first index points to the questionnaire number (for
example, if the questionnaires were to be 50, the numpy array containing the answers of the PPP
matrix would be 50x3x3). The PPP factor weights, the 3 themes factors' initial weights, the final
theme factors weights, the NEP score and all the other scoring were saved as separate files.
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The second script permits to define the stakeholder category to be processed (all or for one of the
various categories) and the country (all or one of the various categories of countries or continents)
and processes only the questionnaires that are true for these defined conditions. The script uses the
initial matrices for PPP, Environmental themes, Societal Themes and Economy themes of the filtered
guestionnaires and after averaging for each matrix their cell values, performs the AHP calculations
for the various weights. However, the calculated consistency ratio was extremely high for all the
matrices (as expected) so it was decided to use the average weights of the single questionnaires that
had a valid consistency ratio (CR). In the example shown below (with 27 questionnaires and no
filtering of stakeholders or country) the ones that had consistent PPP matrix were 21 and the PPP
weights were calculated as the average value of them. The 6 questionnaires with high CR were
discarded completely from the rest of the processing of AHP (but not of the other answers like NEP,
port knowledge, etc.). The remaining 21 questionnaires were controlled for the Consistency Ratio
(CR) of the other 3 matrices and for each matrix the averages of the various theme weights were
calculated from the valid questionnaires. In the example below, other 5 questionnaires had
inconsistent Environment matrix, 7 had an inconsistent Societal matrix and 6 had an inconsistent
Economy matrix.

Additionally, in order to test the representativeness of the results of the questionnaires, it was
tested if they could likely be part of a normal distribution. In that manner, it can be ensured in some
level that the sampling population is representative and the possibility of receiving particular
answers from interviewees pursuing a specific aspect can be excluded.

In order to examine the hypothesis that, at least, the PPP priority data were likely part of a normal
distribution (null or Ho hypothesis) and keeping in mind that each PPP weight is calculated from
pairwise comparisons, it was decided to test the hypothesis that the differences between the
averagely most important factor (P;) with the averagely least important one (P;) are likely drawn
from a normal distribution.

Using the scipy.stats.shapiro Python module the above hypothesis was tested with the Shapiro-Wilk
normality test(Shapiro and Wilk 1965; Ghasemi and Zahediasl 2012; Razali and Wah 2011), together
with the hypothesis the NEP values were part of a normal distribution. The Shapiro module returns
the test statistic of the distribution (W) and the p-value for the hypothesis test. If this p-value®is
higher than the predefined significance level® alpha (normally 0.05, a 5% probability of rejecting a
true hypothesis, a confidence level of 95%) then the null hypothesis cannot be rejected and the data
are probably drawn from a normal distribution. With the help of the SeaBorn Python module, the
univariate distributions of the P-P; spread and the NEP were also plotted.

At the end of the 2nd script, the module Seaborn (https://seaborn.pydata.org/) can also be used to
show the graphics of pairwise relationships among various parameters. The lines are inserted as
comments. They can be modified and used for various parameter comparisons. It is beyond the
purposes of the present thesis the various deeper analyses of the data of the questionnaire.

After the data processing, the results are loaded into the 2 worksheets of an appositely prepared
excel template (with various charts, gauges and formulas) and saved as a new excel file that contains
the results and the summary of the questionnaires (survey identity). In the following pages the
resulting excel file from the final 43 questionnaires that were received are presented:

4 probability of obtaining the sample data when the null hypothesis is true (type Il error)
> probability of rejecting the null hypothesis when the null hypothesis is true (type | error)
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The logic of the Python scripts is summarized in the following flowchart.

" i~

saleuuonsanb abpajmouny Z ydupg =
(pat=1ly) 104 uod
s1nsal

onel

Aouzisisuod dHv

saoLaely X|neuw uodg
Aiobaien
sybiam dHV lap|oyayels 108|9g
sawiay) uodg Xineuwl J0s
SAEET I
4 mu—F_m_wg E
s121duiz) sawiall 20S
[30X3
muﬂm_wg E
Xujew ddd
sAelle ejep Sawsyl Aug prr—
—— S]|Ns=l snouep sybiam xXpijew yoea
ddd J0 anjeA ueap

sallay] 20§

slamsue 1
180 feuondo
\ sjybiam abpamouy
S3WaLY) uod] ‘ uod

s1ybam \ a
.
: sAelle ejep snouep

siybiam
saluayl Aug
5 aseuuopsanb \ onel
syyblam 4oes 10) Aouaisisuod
ddd S)Nsal Yim saoulep dHv
oner Kuajsisuoy sl4 sybram X 1ew uod3
Jo Huny [99X3
13s Ay Uy pm saoLgew Sowisy] uod3 dHY
10y syybiram jo Gay XLjew J0g
- L Bsm_wg f mw.__MCCO_Hmw—:_O
saluayl 20s
sybram % SoU [89X5
saluayl Aug dnv
183y, s1yBlam Xuew ddd
ddd

Deltares — TU Delft

Figure 62: Python scripts flowchart

189 | Page




Appendix K Summarized results of questionnaires for each group

for each group

ionnaires

Summarized results of quest

Appendix K

K1.1 Results of group of Greek stakeholders

T D ] SUISIUOD LPEoIdde A3I|IGEUIEISNS 10

00°E I_ 1uawsAjoAul jo Suljsad

8L'E . S338Uaq |E13P0S JUeLIodW Uod

76T I_ wIasu0d spedu | [ejuswucIIAUS SNOLISS L0d

82t I_ s31881415 [EIUBWILIOIIAUS Ul PBAJOAUI SIBP|OYINEIS

19°C I_ s31831.415 SSAUISNG Ul PAAJOAU] SIBP|0YINELS
< S3A ON —

02 B a8psjmou Ajigeuelsns uod
< efolel> YOO d-—-->

e T &N
< d3N dSQ -

UBWIA0AUL JO Fulp a4 a3pajmouy Ajigeuleisns uod daN 9% T5'E Awouods Jejman)

%80'E Ayjigepuedx3

%59 [enualod euluua|

%60 Suiuien [puuosiad

%£9'S Auiananpolg

%159 Aujepounaiug

%IL'S uonsaduolaiyel]

%8T'E JUSWIA[OAUL SI3P|OYSYELS

%PR'E SJ113U153E PUE UDIIE33Y

%88'S S33UEBYD 35N pUE]

%GE'B s|ana| liajes

%0p's samuniioddo uawAo|duw3

%pLS uondwnsuocd Anuda3

%967 3SION

%679 fjenbjuswipas/jios

%T9'E uondwnsuod 1218/

) %069 Tajenb im1ep

%758 Renbany

SIYZIam SRl |euly dHY

| se00 %26'LC Awouoa]

| %00z %98°GE Manos

%00°€ %72 'SE UBWUoIINUT

| e SWE1eM ddd

| %00'9

9%00'L 9315 Jsunuoy/Anuncy
%008

| %00's I adAy Jap|oyaiels

' %0001 3T SBUIEUUONS3ND |E101

Deltares — TU Delft

190 | Page



Deltares — TU Delft

Appendix K Summarized results of questionnaires for each group
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K1.4 Results of group of Port Experts
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Appendix L Table for experts to score the performance of
sustainability measures to PPP

Scroring the performance ofsustainability measures through their
effects on People, Planet and Profit

The following scoring scale will be used for the evaluation of the effect of
the proposed measures on each sustainability theme (ST). Estimation of
cost, payback period and uncertainty of success (orange cells) have a
different scoring system.

SCORE |EFFECT SCORE |EFFECT
0|No effect
1|Very small positive effect -1|Very small negative effect
2|Small positive effect -2|Small negative effect
3|Moderate positive effect -3|Moderate negative effect
4|Strong positive effect -4|Strong negative effect
5|Very strong positive effect -5|Very strong negative effect

For your convenience, the lightly highlighted cells indicate the sustainability
themes (ST) that are most likely affected by each measure. Of course, other
themes (ST) that are not marked can be influenced as well, so take also the

unmarked themes into account.

Each sustainability theme and proposed measure is further explained with
comments. Place the mouse pointer on the cells to read the explanation.
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