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Abstract

Ports activities undeniably have an impact on their environment, the city and citizens living nearby. To have a
better understanding of these impacts, the ports of the future will require tools allowing suitable modelling,
simulation and data analysis. Bdsmn the reality of port activities and available data, the PIXEL partners have
developed and/or integrated models in order to provide portsheisieuseful tools This will help them to have

a better understanding tifeir environmentalmpacts.These models are focused on:

® Model ling of the supply chain and portés acti
port) to enable us to build activity scenarios that are used to identify the energy sources, local
emissions of pollutants but also to estimate the flow of cargoes entering or leaving the port.

(i) Modelling of consumption and energy production of the port with the aim of moving towards green
energy productionFor operational actors in ports, energy effidy is an important issue, both from
the environmental and economic perspectives. In order to optimize the energy flows inside the port,
a prerequisite is to manage and quantify energy consumption and production in the context of
complex industrial process.

(iii) Modelling of congestion of mukmodal transport networks to reduce the impact of port traffic on
the network The model will help to understand if a different traffic management has a positive
impact on congestions issues, citizens risk on theanddnvironmental impacts.

(iv) Modelling of environmental pollution of the port to reduce the environmental impacts of the port
on the city and its citizens. These simulations can assist the port manager/operator in the decision
making process in order gptimize various activities within the port and minimize their impact on
the environment.

All of these models are described, in tr@éportthataims to summarize the result okaT4.1, T4.2, T4.3 and

T4.4 of Work Package 4 and provide an overall degct i on of P It gitzek & &Il teclondad | s .
description of porbperation to model and provides elements related with model accuracy, scope and how to
have a concrete implementation and integration of the models.

Statement of originality

This document contains material, which is the copyright of certain PIXEL consortium parties, and may not be
reproduced or copied without permission. This deliverable contains original unpublished work except where
clearly indicated otherwise. Acknowledgemenpoéviously published material and of the work of others has
been made through appropriate citation, quotation or both.

The information contained in this document is the proprietary confidential information of the PIXEL consortium
(including the Commissiotservices) and may not be disclosed except in accordance with the consortium
agreement.

The commercial use of any information contained in this document may require a license from the proprietor
of that information.

Neither the project consortium as a wiolor a certain party of the consortium warrant that the information
contained in this document is capable of use, nor that use of the information is free from risk, and accepts no
liability for loss or damage suffered by any person using this information.

The information in this document is subject to change without notice.

The content of this report reflects only the aut!l
(INEA) is not responsible for any use that may be made ahtbemation it contains.
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1. About this document

This document aims to present tme@dels develogd or usa& in WP4,that will be integrated in the PIXEL
platform in WP6 and tesind validaten real conditions in WP7. These models deal with issues of energy
consumption, multimodal transport and environmental pollution in order to imgh®/esnvironmental
management of portSince PIXEL is focused on the port realityese models are based on the needs expressed
by the 4 portparticipating as partners of the Consortiofithe project. However, PIXEL also has a generalist
scopethusmocklling is addressed in a way thabdelscan be (with the less possible changes) employed by
other ports to improve their environmental management.

In this document, we present and report about modelsht#vatbeen developedWe provide a complete
desciption of PIXEL models: in D4.2 readers will ha@edescription of the overall methodology for the
environmental management of port and a description of the models, algorithms and numerical methods for
each model

This document also provides requirementsliie integration of PIXEL models the PIXELOperational Tools
(WP6) as well as for the real test and integration phase of Pix&tlelswithin ports (WP7).

1.1. Deliverable context

Keywords Lead Editor
Objectives Objective 4: Model and simulate pedperation processes for automatg
operation

This deliverable provides the specifications of the PIXEL models ang
analysis. The overall methodology to achieve the modelling of
operation processes and environmental management are describeq

Objective 5: Develop predictive algorithms

By describing modelling needs of ports and by setting up model
deliverable contributes to identify candidates for predictive algorit]
that rave the potential of significantly increase the efficiency of pq
Some PIXEL models (developed in T4.1, T4.2, T4.3 and T4.4) also
a clear interaction with predictive algorithms (T4.5)

Exploitable results This deliverable contributes ttevelop interoperability of environment
related models by identifying the inputs and outputs of each modg
describing a methodology considering impacts of energy and transp
environmental pollution. This deliverable contributes to develop
methodology to model port activities and their impact on the environr
by allowing the quantifications of emissions. The port activities sce
(combined with energy model and emission facttraj is proposed i
this deliverable is transferable and apable for other small and mediu
European ports. This deliverable also contributes to a better identifig
of predictive algorithms that could be used to improve port efficieng
mitigating environmental impacts.

Work plan This deliverable is the salt of the work performetfom M4 to M18 in
task T4.1, T4.2, T4.3 and T4.4. This document also has a close linl
WP3: usecases description (T3.3) and requirements specification (T
with WP5: methodology (T5.1) and KPI definition (T5.2); with WH
models will be integrated in PIXEL Operational Tools (T6.4) and

WP7 as models will betegratedjestedand validatedn real conditions
Content of this deliverable describes the methodology useq
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development, implementation and tests of theBIXnhodels and will beg
used as a basis for Operational Tools in WP6.

Milestones

This deliverable contributes to reach the milestone MS4 by provid
description of the overall methodology of the PIXEL Models.

Deliverables

This deliverable uses inpuiiom the deliverable D3.4nd D4.1in order
to express modelling needs of ports. This deliverable has a
interaction with the deliverable D3.2 regarding the definition of a s
minimum requirements regarding modelling and data analysis. It
gives inputs to D4.4 by contributing to identify possible candidateg
usage of predictive algorithms. It impacts other project activities rel
with models and data analysis (integration WP6 and real test WP7)

Risks

By working with the WP3T3.3) and with an analysis of every po
operation process to be modelled this deliverable reduces the rig
some processes cannot be modelled as they depend on too many,
or they are overmuch random. The deliverable includes in apesnal
tedhnical description of the different usases regarding modelling a
data analysis and provides information about available data and moq

scope.

1.2. The rationale behind the structure

This report describes the work performed in T4.1, T4.2, T4.3 andof 4% PIXEL project and how PIXEL
models will be integrated in the PIXEL Operational Tools. Except for the introduction and the conclusion, each
section describes a specific task related to PIXEL modibls.deliverable imrganised as follosr

1. Introduction to PIXEL Models : This section focuses on the global vision of PIXEL models, the

objectives and scopes of the models in the framework of PIXEL. This section also aims to provide
common definitions and rations in order to present PIXEL modelsa standardized notation to define
precisely the methodology

Thenextsections share the same structamdare focused on describirgspecific modetach

O¢ O¢« O¢« O«

These sections are:

Introduction: Objective and scope of the specific maael a data source description
Description of the overall methodolpg

Description of how the model works with sample or real data if they are available
Requirements for the integration in the PIXEL Operational tools.

2. Environmental management model of port:This section reports the work done in T4.1 in order to

develop a model of environmental management of Ydrtle describing how to build a port activity
scenario, tte sectiorfocused ordeveloping interoperabilityf models and has close interaction with
all the other tasks in WP4 and especially T412.4

3. Energy demand model:This section reports the work done in T4.2 to nhodé e

portos

ener

to provide information about energy availability, reliability and efficieridyis section develops model
to know the present and future power demand of port opesation
4. Hinterl and multimodal transport model: This section reports the work done in T4.3 to model the

evacuation of good® hinterland and a modelling of the mode of organization of the port passage.
5. Environmental pollution models: This section reports the work done in T4.4 to model the air and

noise pollution inside ports. This section works withocalization of global and local sources of
emissiongn order to provide a heatmap of noise and air pollutants dispelRssnlts will be presented
aslong-term trendandintegrate a wide range of data collected in the PIXEL framework
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This document comes wifour appendixes that provides inputs aboutdhta models for port activitiebnks
between WP4 and other PIXEL work packasfate of the art in PIXEL context and paper published based on
the work done in WP4.,

0 Appendix A provides a description of data models for the port activity scenario.
0 Appendix B presents how the WP4 is interconnected with the other technical WP of PIXEL

3 B.1gives a technical description of the four wuseses with a special focus on modelling and
data analysis. It describes modelling needs, available data, scope amthriEsunf port
activities modelling.

3 B.2explains how port activities modelling and PIXEL models are useful in order to evaluate,
estimate or predict environmental impacts. It makes a link betwedpoth&nvironmental
index and PIXEL models (WP5).

3 B.3gives inputs about the Operational tools and how the PIXEL models will be integrated in
the PIXEL architecture (WP6).

3 B.4give inputs orhow PIXEL Models will be tested by the enders during the integration
phase (WP7).

0 Appendix C provides a literature and state of the art review for each of the PIXEL models.

3 C.1Environmental management models of port

3 C.2: Energy models

3 C.3: Hinterland multimodal transport models

3 C.4: Environmental pollution models

0 Appendix D reproducedbstracts o#rticles written with work done in WP4

2 D21 Noise Pollutiori Introduction to the state of the research and the implementation in the
Horizon 2020 Project PIXEISt j epan Pi i | i i, Luka Traven, 1
Ant e Skobl ar ,8"Rterhatonal Qonfeanae orl Malfitimecfmology, Rijeka,
November 2019.

3 D2: Air Pollution Dispersion Modelling in Ports AreaBe odor a Madog&viahj | e

Stjepan Pil i |lgofKegalMakaHRraverigalinearnational Conference on
Maritime Technology, Rijeka, November 2019.
3 D3 Smal l and Medium Portsd Activities Model

Erwan Simon, Charles Garnier, Ignacio Lacalle, Joao Pita Costa, Carlos E. Palau, MTC
Conference, September 2019, Rome.

1.3. Version-specific notes

This document is the seadn ver si on of t he de Thisudeiveatdd peovidésPd fIE L
updatedof thedeliverable D4.1 bygynthesizingall the work done between M9 and M18 by task T4.1, T4.2,

T4.3 and T4.4. It givesfall technical description of port-operation to model and provides elements related

with model accuracy, scope and how to have a concrete implementation and integration of the models

Comparing with the previous version of this deliverable, the present version main changes are:

0 New document structure: the core document is now fully dedidatétte PIXEL models and the
sections related with ALinks with toappeadies WPO an
0 The Al ntroduction to PIXEL model s0 has been wup
3 Adding asummary of the different PIXEL models components;
3 Rel ating PI XEL models with Pl XELG6s objectiwv
3 Adding to the ACommon definitions and notat
what we considered as the Port Activities Scen(PAS)
3 Adapting the whole section with the work done between M9 and M18.
Each section that describes a PIXEL model now included:

(@]
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3 A description of theoverall methodologywhich allow readers to understand whae
theoretical framework ibehind eactPIXEL mode| how to use this model in the reality of port
activitiesand how it will be useful for the Port of the Future.

3 A description of requirements in order to integrate PIXEL models in the PIXEL operational
tools:

Yy Data requirements

Yy Visualization ad Ul, Triggers and KPI|s
y  Training requirements

Yy Transferability requirements

2. Introduction to PIXEL models

2.1. Vision
This section introduces the overall vision and r oae
key concepts. This roadméyasbeenfollowedby al | WP 4 6 s c duringdevelogmerimse pfa r t n €
PIXEL models.

What is the starting poit¥

Ports are essential nodes in the multdal supply chain. Several stakeholders interoperate within the same
port area assuming different roles with various constraints and requirements. Therefore, ports are complex
ecosystems with a multitude of acofport authority, terminal operators, carriers, citizens, legislators)
producing and consuming each day huge quantities of information. Operational data in ports are continuously
increasing and depend on different stakeholders. Among these data souraeswestion the following ones:
resources tracking, container status, vessel operations, crane scheduling, surface or berths available, air/wate
guality measurements, or energy consumption and production. In most cases, an optimal exploitation of all the
knowledge is still to be unleashed. This is due to three main circumstances:

® the information exchange still remains managed in a docucesritic fashion, both for reporting to
regulatory bodies and to perform the dayday service,
(i) if digital informaion applicationxist,they are isolated and oriented just for very specific purposes,

(iii) personnel at the ports do not have enough knowledge and awareness of the benefits of digitalisation
of processes.

Agents within a port are focused on spedifisks (such as global and financial management of the port, load
and unload of cargo or berthing) occupying the whole spectrum of ports functioning. They are equipped with
high level skills on business management andtdailay operations but, as per nofmase, they are seldom
driven by datavaluation procedured herefore, traditional mindset in ports about information exchange and
data exploitation has been focused on just regulation compliance rather than on real value extraction supported
by modern tehnologieqCeltinkaya,2017).
Today, European small and medusized ports (in the light of discussions with PIXEL's ports and other actions
such as DocksTheFuture sessiofs8 December 2018) are scarcely equipped with tools to calculate, estimate
or predict impacts on energy consumption, transport networks and environmental pollution of port activities.
These tools are lacking at the ports in order to put in place deamsiking solutions to quantify (even roughly)
the environmental impacts of their activities. To provide these tools we argue that two actions are needed:

i) Development and implementation of tools to model the impacts (in terms of energy, transport
and pollution)of port activities.

ii) Qualified data coming from sensors, port data, etc. to calibrate, parameterize, feed or develop
the models.

PIXEL aims at developing both actions. In this deliverable we present how ports activities can be modelled and
how their enviromental impacts can be estimated or predicted. We also have a focus on the available data in
ports since model quality iargely depending on data qualitfhese modelsvill be tested and validated in

WP7 during the integration phaskeooking at previousnitiatives undertaken in port operations modelling and
simulation (Dragovic, 2016), PIXEL clearly contributes and extends previous research, by:
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Focusing on modelling small and meditsized European port operations, considering both the

available data anthe required degrees of modelling precision

0

0
0] Portdirecti Scope 1;
(ii) Portindirecti Scope 2;
(iii) Port

0

Placing emphasis on the environmental impacts of port operations, covering:

t e n a in $cepé 3 envirdnmentldntpacts (IMO, 2018)
Boosting thebenefits of port I0T infrastructure to enhance the efficiency of the modelling approach.

What do we want to achieve? A modular and adaptable approach for modelling port activities

PI XEL6s model s aim

at defining

abe dsedi imopdér dormanageithe g

Y

port in an efficient way and adapted to the environmental needs, including energy demand and production,
hinterland multimodal transport, atmospheric and noise pollution. In order to attféseembitious objectivg
the geps listed belovihave beeffollowedto address the specific objectives of the WP4.

StepsObjectives

How hasit been addressed in WP4?

Elaborate a clear and precistechnical
description of the porbperation to mode
(activities catalogue, optimizatio
parameters, scope definition).

In the beginning of WP4 a huge wankcollaboratiorwith WP3
and ports have been done to clearly express modelling an
analysis needs and requirements. This has been used as
for model development. Readers will find more informatioy
AppendixB.

Establish a list of data available in ports
relation with the poroperation to model
These data will be qualified in terms
accuracy, frequency, representativene
etc.

Choose, develop and implement the K
approaches depending otle available
data (selection of an adequate level
details). In WP4 we had focused ¢
gathering a data sample that is enou
representativeto build a modelupon it.
The full data acquisition process is do
under WP6 and WP?7.

This work has been done by each task leaders of WH
collaboration with ports. Readers should note that PI
models are ot just theoetical model but that they have be
established based on the reality of available data.

Benefiting from the four ports participating in the proje
PIXEL models have embedded the operational reality an
data of actual porvperations. This led to the development
models adapted to small and medisized ports, both on th
available data (using port but also open data) and on
expected degrees of precision.

Defining links between the differer

models.

This has been addressed both in a global way at
coordination level and by each task lead®erensure that
result of one model could be used as an input for another
Results of the port activity scenario are usedthsy energy
model in order to provide prediction of energy consumpt
Then energy results can be translated into emissions rate
used as inputs for air pollutants dispersion model.

Define a methodology to evalug
environmental impacts based @mergy
demand and production mode
hinterland multimodal transport mode
and atmospheric and noise pollution.

The port activity scenario defined by the work done in T
allows to model port supply chains. This first sispised as af
input for evaluahg the energy consumption and with the u
of emissions factorg¢o provide an estimation of pollutan
emissions. By providing a full methodology to quant
emissions weffer ports a way to evaluate their environmer
impacts. Moreover, the environmtahmodels (air and noise
provide tools to better understand how emissions affect the
city neighbourhood.
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The overview of Pl XELOGs model IsTheRXEL fdatforns is buithaponiaz e d
datadriven perspective and deliveriran I0T architecture that provise robust technological bundle for
modelling activities. PIXEL platform involves, in a schematic view, four stacks (beside security). As seen in
Figure 1, the four stacks are acquisition, management, modelling and diffidiese stacks are organized in

such a way that each of them is part of a tree with data like sap flowing between them. The following sections
aims to present the modelling layer in a detailed but a comprehensieapsssented in green in Figure 1)

Diffusion
Bring the relevant information to the

subscriber through the relevant channel J K e
: AL L
. ny

Monitoring & Modelling

Convert raw data to useful information
about today and model port actvities to
predict future impact

Hanagement
. Support data processing through an open,
- robust and modular platform

- Acquisition
- (ollect heterogeneous data from multiple
- sources through live data stream connectors ol

In PIXEL WP4 we have also identified some points of convergdatie with the Port Emission Toolkit
(GIoMEEP and IAPH, 2018nd the Global Logistics Emissions Council Framework for Logistics Emissions
(GLEC FrameworkjSmartFreightCentre, 2019). & share some common ideas:

1 GIoMEEP has already worked on how to plan at gemissions assessment and has proposed a
methodology for selecting pollutants, emissions sources, geographical and operational domains,
temporal period and frequency of the inventory. This methodology could be adapted for small and
medium ports and PIXEcan contribute with a methodology to move from an emissions inventory to
an environmental assessment of ports through a single, intelligent and adaptable indicator that will be
the PEI. This last part is mainly addressed in WP5.

1 They have also defined m@ key elements as activity data. This has been already discussed by the
PIXEL consortium. This approach can be used to have average data related with port activities.

1 In the Port Emission Toolkit, they focus on port emissions and give a full methodoldgpve a
comprehensive emission inventory (emission factors, activity data) not only for seagoing vessels but
also for cargo handling equipment,-mad heawduty vehicle, rail locomotives, and electrical grid
emissions. They also give some metrics fpripment, activity and emissions. Thigtrics carbe used
as a basis for PIXEL modeisputs.

1T GLEC Framework proposes to use model |l ed thdeat a i
relevance of the model 6s ailuhatpsavailaba abdut the ggnsportd o n
operation and the assumpti ons Mareoeer, they srgue that | a s

fimodelled data are much more likely to be representative of actual conditions than default dat® u r
aims by develping PIXEL models are fully aligedwith this descriptionto provide tooldor small and

medium ports in order to have a better understanding of their activities (rather than default values) and
their impact on the environment.
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2.2. Integration of PIXEL models in the PIXEL architecture

WP4 goal is to provide several Modelling Tools to M¥EL Framework Indeed, WP4 proposenodels, data

analysis and algorithms in order to manage port in a more efficient way and adapted to the environmental needs.
To do this WP4 considers the environnadmmpacts identified in WP5 as necessary to the Port Environmental
Index and tries to provide raw metrics through an emissions quantification. Then in WP6 (especially in T6.4
PIXEL Operational Tools) those models, data analysis and predictive algoatiemstegrated through the
OperationalTools. Thus, WP4 proposes a clear and validated (meta)model adapted to the needs of ports defined
in WP3. Together these modelling (WP4) and operational (WP6) tools constitute a decision support tool
providing a usefuand transversal knowledge for cargo operational management. It will allow operators to
evaluate the environmental impact of activities scenario, and to compare them for an optimal choice regarding
environment as the primary metric. Our purpose is toldpube different components as shown in Figure

r----------------—-----------------
| PIXEL Technological solution | 1 PIXEL Environmental Solution |
[ | I \
] ¢ PIXEL Information Hub | | °© PElasa minimal monitoring system ‘
1 PIXEL Integrated Dashboard 1 1 The technology (sensors and loT infrastructure ‘
I + Interface with PCS 1 1 to collect required data |
I | I » Methodology to collect data how and when ‘
+  PIXEL Operational Tools
| : P4 l *  Models, simulation for predict environmental }
1 . 1 impacts
I | | ' \
h—-—-————-—-————-J———— ' ——— - - —— -
| Models, data analysis and optimization tools | I Environmental impact assessment models |
| for port processes | ; :
I | |1 Inputs
I Inputs 1 Ii ¢ Datafrom PIXEL data acquisition manager |
I + Data from PIXEL data acquisition manager and i ‘ and external services (PCS, PMS, TMS, EMS, !
external services (PCS, PMS, TMS, EMS, ...) I Il ) :
I +  Environmental impact assessment models l E > |
I LN Y l‘ Components
| Components l *3 o | = Environmental Scenario Manager
| + Activities simulation tools %. %_ | *  Energy Models
1 Electrical balance [Consumption/production] ) N7 ¢ Emissions and Environmental Pollution
I +  Pollutant dispersion [Reactive transport 1 ; 3 ] Models
modeling] i B R I = Transport Models

I *  Truck guidance inside yard [Lane, parking or l E % |
| other port dispatch] 3 I outcomes
I ' |w *  Full model description and methodology
I Outcomes 1 | *  Raw metrics for PEI
I *  Port process optimization with mitigating l I‘
I environmental impacts | L

- :

2.3. Scope
Smallandmediurs i zed portsd organizational systems vary \
activities:

i.  Live monitoring
ii. Past activities assessment
ii. Short and longterm forecast

iv.  Whatif scenario.
Another important issue for modelling port activities in an efficient way lies on the ability to deal with various
degrees of data completion, precision and accuracy. Indeel jfeRIXEL platform provides a tool to collect
data from a large scope of sensors, some information could be missing or uncomplete. This is due to the variety
of agents composing the supply chain and methodologies besides the integration degreemfa@erafield
information in real timeBecause data is a key point in order to have useful models and because data collection
is an intensive phase, PIXEL model of port activities can be used with different levels of details regarding input
data. Dependig of the purpose of modelling and the expected precision, inputs data could be less or more
detailed. Thus, ports can use PIXEL models with comprehensive data (detailed model and low uncertainty),
screening data (some local input and external data letmangignificant uncertainty) and scaled data (average
and nonrspecific input data leading to great uncertainty and just giving an order of magnitude).
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PIXEL models will consider cargs as the functional unit. Therefore, we study cesgoansitions beteen

areas (from sea to hinterland) through transition operations (i.e. unload, load and transport) by machines (e.qg.
crane, truck etc.). A specific composition of cargo's transition operations (involving different machines and
operators) will be referretb as a supply chain, as illustrated in Fig@reThe modelling of supply chains
applying to different types of cargoes will enable us to correctly identify the energy sources involved, the types
of equipment used, the sources of pollution and the fregueitic which these cargoes enter and leave the port.
Each modehasits own assumptions and boundaries, but transitions of freighters outside the port ecosystem
(for example at sea or in the destination lands of the cargoes) will not be integrated RiXE&henodels.

—T

Distant

Vicinity

Multimodal — Areas
Transport Platform Transport
Network Network
Transitions
— Machines
2.4. PIXEL Models components
Port and City Environmental Management Model
Port's Activities Scenario modelling
Cargoes Queue creation
(List the cargoes considered)
Data Acquisition . Y . R Downstream
Layer Activities Queue creation » specialized
(Assign the suitable supply- models
chain to each cargo)

hA
PAS creation
(Schedule the operational
activities)

As port activity is generated by incoming and outgoing cargoes in the port ecosystem, PIXEL models consider
cargas as the functional unit. Input data from this modellingnaaenly based on:

i) vessel planning (arrival date, cargo type and tonnage,
i) activity data (details related to the transition of a cargo),
iii) operational data (refer to the technical specifications of engines and equipment used)
iv) emission source data (related to emissions factors of engine and equipment).
The knowl edge and modelling of the supmtloyofueséai n

position in the port) enable us to build activity scenarios that are used to identify the energy sources, local
emissions of pollutants but also to estimate the flow of cargoes entering or leaving the port. Using this approach,
the modellingscenario will be used by the ports as a support for decision making.
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Energy demand prediction

For operational actors in ports, energy efficiency is an important issue, both from the environmental and
economic perspectives. In order to optimize the enflogys inside the port, a prerequisite is to manage and
guantify energy consumption and production in the context of complex industrial processes. PIXEL enables
such quantification for small and medium ports by focusing on the three complementary elements:

i) energy consumption (fossils and electric) associated to cargo transition across the port,
i) energy produced by local sources such as photovoltaic panels,
iii) balance between energy consumption and production.

Figure5s hows Pl XELO s

approach to predict energy c6ons:¢

enables a predictive estimation if the port activities scenario is known (e.g. maximum net ensugyption

during next week).

% Assignment

Boat Planning

16/05/18 12:15  Cereal 6502
25/05/18 23:06  Sol.Bulk 15284
29/05/18 16:32  Sol.Bulk 751
02/06/18 05:57  Lig.Bulk 6548
L]
L]

Hinterland multimodal transport model

452
421
421
310

i_i Assignment

Supply Chain Machine Specification
{Crane1 > Conv.Belt3 >> ...} Electric 4.5 (kW) 52 (cont./h) Ok
{Pump4 > ..} Fuel B405  15(L) 32 (T/h) Ok
{Pump2 > ...} FuelH56  28(L) 125 (m%h) HS [dates]
{Hopper >> Schuller > ...} Electric 31 (kW) 32 (T/h) Ok

Energies Consumption Planning

statn:

.....

The model will helgo understand if a different traffic management has a positive impact on congestions issues,
citizens risk on the road and environmental impacts. The main result that will be reached is an effective decision
support tool to optimize the #@uting of trucls from the Port towards SDAG or other infrastructures, and so
facilitate the staff working in both entitiébetween ASPM and SDAGYhe model has been split in two sub
models, one related to intermodality way of transfapplied on slabs traffic betwe&$PM and Aussa Corno
industrial distric}, the other one related to traffic and parking inside port premises and the possible rerouting to

SDAG. We are goin

Environmental dispersion models

g

to call the first one fAinter mo

Cargo handling within ports, and to/from the hinterland loading and unloading cargo undeniably involves
emissions of pollutants. For example, loading or unloading a cargo of dry bulk can cause a significant amount
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of dust in the atmsphereand generate a lot of noiséhus, the sources of emissions generated by the supply
chain of cargo are not negligible and have direct effects on the port enviroriBasetd on existing
measurements and port activity data, the air and noise moolgldssimulate the air and noise pollutant
dispersion caused by various activities and operations taking place within the port. By using historical data, it
will simulate the current state of the ambient air/noise in the port and with help of weathdignedimdels,

it should be able to simulate the possible future air/noise quality situation. These simulations can assist the port
manager/operator in the decisioraking process in order to optimize various activities within the port and
minimize their inpact on the environment.

2.5. Relation with PIXEL objectivesand use cases

All the work described in this document as part of tasks T4.1, T4.2, T4.3 and T4.4 dmasulftiment of
PI XEL® o0b| eModeliandsimulate porbpdrations processes for automated optimisation

Firstly, the development of a port activities seo by modelling supply chains for different cargoes will be
useful for small and medium port for a better understanding of their different processes. This port activities
scenario willbe servedas a first basis for other modelling activities and prowdeful links between the
different models and guarantee interoperabibtween them. Secondly, it will be used as a basis in order to
make an inventory of emissions due to port activities. This will be useful in order to optimispe@tions
processs to evaluate environmental impacthirdly, it will be used to establish time series of energy
consumption due to port activities and in a second time optimise their energyFaadlsly, v essel s 6
which are included in the port activities sceaavill be used to predict the traffic inside the port that could lead

to anoptimisationof the traffic paths. Finally, it will help to identify local and global sources of air pollutants
and noise emissions that will be used to create dispersion napmglports to know how they are impacting
their neighbourhood

Thesemodellingneeds have been directly expressed in D3.4 (Use cases and scenarios) by the four use cases in
PIXEL. Readers must keep in mind that PIXEL models are developed consideripgrthesality and
accessibility to data in order to develop models that will be really used and not just some kind of theoretical
framework. More info about the modelling needs of ports are available in App&didix

2.5.1. Use case of GPMB

GPMB use case is mihg connected to energy management. One of the challenges of GPMB is to become a
greenerand more cosfattractive port. In order to reach this, the first step is to be able to know with a good
accuracy how mangnergiess consumed by port activities.

AsexpressedinD3d41t i s planned that simulation wil!/ be at
to ships operati ons alodo thistheg enérgy enddel is deyelopetdefsticnatingcthe a i n .
real-time quantity of energy asumed during port operation depending on the type of cargos and véssels.

port activities scenario was also developed in order to be able to have a clear list of all the port activities that
are taking place over a certggariod Many works have beeaone to develop a tool to facilitate the matching

of goods, supply chains and machine specification. Thisngst to have for predicting energy consumption.
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2.5.2. Use case of Port of Monfalcone

Port ofMonfalcone use case relates to our traffic use casen@irechallenge of Port of Monflacone is to better
understand how the portodés freight traffic i mpacts

As expressed in D3. 4, P o r congestions M@artfamds,ceduced use iofiméanda t
pr e miadeus®oof railandinlangp o r t s  sTéhe transpod madels in PIXEL addressed these issues
by i) modelling the traffic inside the port premises due to the vessels arrivals and depadurexielling the
congestion inside the poaind ii) setting up model for the evacuation of slab by road and by train in the
hinterland.

2.5.3. Use case of Port of Piraeus

The port of Piraeus is very near the city of Athens and residential area. When a lot of traffic is experienced in
p a s s e tegnaalssit@generates noise and air pollution. In order to better understand and predict the port
contribution to noise and aippution, the model develop in PIXEL aims at providing useful tools to port agents

to evaluate them.

As expressed in D4. 3, Port of P iestimateutre influenoesof the@ir mo d
emissions related with the port activigiécruise and passenger terminals) at the city and have predictions for

the effect at the city (emissions alarm mapping) by the air emissions associated with the cruise and passenger
T e r mi. Tha dirdispersion model develop in PIXEL provides results aéturacy depending on i) space:
pollution across a geographical area ii) time: pollution throughout one day on a per holrdrasiEPiraeus

aims also to model nup sinsukatiors ard lcavdluate the output wath tileegasultd oo
the LAeq indicator measurements in order to have adequate data for noise mapping and establish an accurate
estimation of the noise level impact of the Container Terminal in the residential nearby.area

2.5.4. Use case of Port of Thessaloniki

The use case olfie Port of Thessaloniki focuses on the interoperability of city and port in freight traffic and in
pollution impact towards the city.

As expressed in D4. 3, Port of Th e sestanate thd ak polludonh ms t
impact rehted with bulk and handling cargo activities. The predictive model may accept input parameters for
letting environmental operators alter a factor (e.g. weather conditions for next day), and then provide a picture
of the amount and area that will get affegttoy port operations. Some sort of visualization by dispersion maps

is envisioned. The developed model should try to generate any potential assumptions (e.g. pollution deriving
from ships, machinery and trucks) and combine them.

Port of Thessaloniki aimalsoto model noise pollution testimate the noise pollution impact related with
handling cargo activiiee. Knowi ng modebmengriggelrtag actien wi/
schedule operation) to the port, but this information can beeshaith the municipality to generate an integral
environmental plan 0

2.6. Relation to requirements

The relations between PIXEL Models and PIXEL Requirements have been deeply investigated and described
in detaili nD3.A7T PI XEL Requi r e me n tpscifically fof each ipartoer, boM oequerements
related with Predictive Algorithms (PA) and Model Optimization (MO) have been collected and analysed.
relevant aspect of the PIXEL project, concerning modelling and forecasting, is represented by retguiremen
covering both MO and PA. Such products, in fact, deal with modelling and forecasting activities, by providing
ports with a set of tools aimed at proficiently cope with respective use cases. In particular PA and MO will be
proficiently exploited in ordeto perform:
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TransportModelling;
PollutionModelling;
EnergyModelling;

Traffic Forecasting.

Table3 provides a full list of requirements directly or indirectly related to the implementation of PIXEL Models.

¢ O¢ O¢ O«

Requirements Addressed in sections

Common functional requirements

Importhistorical data [36] These requirements are initial
Interaction with models [41] addressed in all tasks T4.T4.2,
Anomaly and event list [44] T4.3 and T4.4. However, all the
Anomaly and event detection [45] points are not directly addressed
Catalogue of models [62] WP4 but will follow conventiong
Detection of anomalies [63] defined in WP6 in order to allo
Port Operational KPI list [70] fulfilment of those requirements i
WP6.

Port of Bordeauxi Energy Management Use Case

Modelling andanalysis of energy consumption during ship handling proced| Section 4
[15]
Optimization of photovoltaic energy production and consumption [19]

Port of Monfalconei SDAG T Intermodal Transport Use Case

Port congestion forecasting [34] Section 5
Portcongestion simulation [35]
Port- SDAG highway congestion forecasting [37]

Port of Thessalonikii Port City Integration Use Case

Estimate air pollution impact of handling cargo [56] Section 6
Estimate noise pollution impact of handling cargo [57]
Estimate air pollution impact of bulk cargo operations [58]

Port of Piraeusi Port City Integration Use Case

Estimate air pollution impact of cruise apda s s e ship® relateil activitie] Section 6
[78]
Estimate noise pollution impact of cargbips related activities [90]

2.7. Commondefinition and notation for PIXEL models

Thefollowing sections aim at presémy the PIXEL modelsn a standardized notation to define precisely the
methodologyFirst, we define what is a port activity and the data needed to model it. Then we define what is
considered as a scenario for PIXEL models and what are the different typestbatlREAEL models can use

as inputsFinally, we introduce the port activity scamo.
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2.7.1. Port activity

Theknowledge of the supply chain (type and number of machines, duration of use, position in the port), allow
us to know the energy sources used, local emissions of pollutants but also to estimate the flow of cargoes
entering or leawmg the port and the resulting traffic. In this section when we speak about port activity, we refer
to the port operations involving:

0 loading and unloading of cargo to and from ships
0 transfer of cargo inside the port (docks, storage areas, ;gates)
0 supporive operations (warehouses and docks lighting, reefer areas energy supply, etc.).
PI XEL model s6 input data are relative to cargos

initially, we distinguish between foulata types:

Activity

Cargo

Area

Machine (equipment)

O¢ O¢« O¢« O«

The relation between the data types is the following:
Anactivity is the use of onmachinein order to handle oneargounit between twareas

A succession of activities will be called a scenario. This could be seen as a Gantt chart. Tteshigwesean
example of what the activity data structure looks like.

|Cargo T T
handled || 1'™¢

Transport Network Multimodal
p Platform

Machine 1 | Machine 2 | Machine 3 | Machine 4 | Machine 5 Machine 6 | Machine 7

2 AM

3 AM

4 AM

6 AM

7 AM

8 AM

9AM

10 AM
EEE

12 PM

1PM

2PM

3 PM

4 PM

5PM

Cargo’s path inside supply chain Container Passenger ‘ Unavailable data W
74

Figure 8: Activity's data structure consists ihandled cargo's data projected on time and machine/space axes

The operations along with their explanatory notes forBreadbulk cargo of FigureB are described in the
below table:
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u
PIXEL

Operation

Notes

Machine 1handles the cargo at timck area from 01:0(
AM to 03:00 AM.

A crane is used to unload breadbulk from the ship to
dock area from 01:00 AM to 03:00 AM.

Machine 3handles the cargo at thearehousearea from
03:00 AM to 07:00 AM, buhot all data is available for
this activity.

A loader is used to carry breadbulk from the dock are
the warehouse and stack it there from 03:00 AM to O]
AM, but the distance between the dock and the wareh
is not known.

Machine 5handles the cargo at tiard area from 07:0(
AM to 09:00 AM.

A loader is used to load trucks (using lane 2 of trans
network, i.e. road network) at the yard area from 07:00
to 09:00 AM.

The cargo is handled at th@nd Gate area from 09:00
AM to 10:00 AM.

The trucks pass the land gate between 09:00 AM and 1
AM.

The cargo is usingane 2 of the Transport network fron
09:00 AM to 10:00 AM.

The trucks carry the cargo from 09:00 AM to 10:00 AM

Machine 6handles the cargo dteMultimodal Platform
area from 10:00 AM to 11:00 AM

All the trucks have arrived at the Multimodal Platform a
at 10:00 AM.

A crane is used to transfer breadbulk from the trucks
railway wagon from 10:00 AM to 11:00 AM. Train
considered to besing Lane 3 of the Transport netwo
i.e. railway network

The cargo is usingane 3 of the Transport network fron
12:00 PM to 02:00 PM.

The port operations will be constituted from different activities as shown in Rayuneorder to perform a

modelling of the port operations, scenarios and activities, we need to know the data types describe in the

following sections.

These data refer to the details related to a transition of a cargo: duration of the operation, type of neal;hine us

distance travelled, etc. These data thus mainly refer to the logistics chain linked to a cargo.

g2

Supply Chain

452
421
421
310

In the above table, the activity sequence is represented by placing the equipment in the order they will be

used.

{Crane1 = Conv.Belt3 >> ...}
{Pump4 = ...}
{Pump2 > ...}

{Hopper == Schuller = ...}
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These data refer to the technical specifications of the machinery and equipment used. Thedlespatafyvi
the type of energy used, the consumption according to the mode of operation, the status of the machine, its
operating limitations, etc.

-
-
.
-

Machine Specification

Electric 4.5 (kW) 52 (cont./h) Ok
Fuel B405 15 (L) 32 (T/h) [e]3
Fuel H56 28 (L) 125 (m3h) HS [dates]

Electric 31 (kW) 32 (T/h) Ok

These data detail for eadhmachine, engines or other sources used in the transition of a cargo, the sources of
emissions linked to it. These data are very often obtained and based on emission factors allowing to translate
the consumption of energy into quantity of pollutants emitted e

Machine Specification Emission unit

Electric 4.5 (kW) 52 (cont./h) Ok 75 235 75
Fuel B405 15 (L) 32 (T/h) Ok 81 203 81
FuelH56  28(L)  125(m%h) HS [dates] |:> 78 178 78
Electric 31 (kW) 32 (T/h) Ok 87 368 87

These data refer to the vessels arriving at the ports with the description of the type of cargo, the tonnage, their
expected date @rrival and departure. These data thus make it possible to know the expected flow rate for
each type of cargo.

Boat Planning

16/05/18 12:15 Cereal 6502
25/05/18 23:06 Sol.Bulk 15284
29/05/18 16:32 Sol.Bulk 751
02/06/18 05:57 Lig.Bulk 6548
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Although these data alone are not enough to implement all PIXEL models, they will be necessary and
common to all and could be considered as a requirement for PIXEL models. Such information can be
extracted for example from:

0 FAL forms,

0 PCS,

0 Literature revéw,

0 Analysis of port activities, efc
0 Sensors,

0 External web services,

0 Imputation by hand.

2.7.2. Scenario

For each cargo, there are several ways to arrange transition operations between areas. A hypothetical
combination of those transition operations (for one or more cargo) will be denoted as a scenario. This scenario
will be designed by port operators andénetusers of modelling and data analysis todsdo this, an interface

to fulfil the different parameters of a scenario will be developed in WPBIXEL we do not have terminal
operators to provide useful information about cargo operations and tieewedowill rely on port operations.

WP4 aims at providing the ability to get environmental impact metrics for a scenario, and to compare it with
alternative scenarios. Thus, PIXEL modelling tamdsbe used to order or evaluate scenarios according to an
optimization metrics.

That i s why the main and central component of the
(denoted thereafter as PAS) modelling. Its purpose is to establish an operational description of the port activities
related o cargo handling. The produced PAS is atiatad e | l'isting all the consi (

allows the use of specialized models based on the PAS as an input, for energy consumption, emissions
guantifications and other externalities quandifion.

The main input for PAS modelling is tleargo arrival planning, completed with parameters relatives to the
sequence obperationsrequired (thereafter cabupplychain) and the correspondinmachinestechnical
specifications. In order to build aAB, three steps are followed:

1. Cargoes inventory,
2. Supply-chain mapping,
3. Operation schedule calculation.

Those three steps and the correspondingmai#el are presented in detail thereafter.

2.7.3. Type of data source

Data is a key point in order to have fudanodels and data analysis and data collection is an intensive phase.
Models and data analysis can be developed using different levels of details regarding data. Indeed, depending
of the purpose of modelling and the expected precision, inputs databeol@sls or more detailed. As define

in GIoMEEP and IAPH, 2018nd Smart Freight Centre, 2002 also consider the following types of data.

These data use approximations to obtain an order of magnitude corresponding to the types of activities
considered. These data are obtained by integrating external data produced by a port having a similar activity
and representative of the real activityttimto be modelled. The use of this type of data assumes that port

activities are similar and should be adapted, for example, to port traffic. The results obtained using this type of
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data will also be approximate. Therefore, the results of the modets drasiais type of data have the following
features:

Average and nospecific input data for model port activity.

Results based on an adaptation according to scale parameter (for example maritime traffic).

Results with great uncertainty.

This type of datasi useful when no information is available and when we are just interested by having an order
of magnitude.

O« O¢ O«

These data are more detailed than scaled data and use data more specific to the port activity considered. Thes
data use local soues for example on the description of the supply chain but use external data for emission
factors. The results of the models based on this type of data have the following features:

Some local input data and external data for model port activity.

Results basd on a simplification of some inputs (for example average energy consumption of cranes
and trucks).

Results with significant uncertainty.

O« O«

¢

These data are based on the detailed description of the port activity to be modellecowifiieie knowledge
of the supply chain, machine specifications, emission factors, etc. These data can come from sensors,
administrative documents or expert knowledge. These data will yield much less uncertain results but require a
lengthy data collectiorThe results of the models based on this type of data have the following features:

A detailed modelled of the port activity.
Results can be verified and validated using some measurement.

Results with low uncertainty.

O« O¢ O«
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3. Environmental management model of port

Port activities modelling is the first step in order to evaluate the environmental impacpobthetpdyations
based on energy demand and production models, hinterland multimodal transport modelsaadcdaig
pollution models. This section defines a methodology for the modelling of these acthéties adapted to
small and medium European ports.

3.1. Introduction

An environmental management model aims to model the environmental management of an orgagization
allowing the calculation of the environmental impacts of its operations. In PIXEL, the types of modate that

devel oped and will beaeel ated with portsd operati
1. Energy demand and production models.
2. Hinterland multimodal transponbodels.
3. Environmental pollution models.

This section will define a methodology to eval uat e
of the developed models:

0 An overview of the modelling approach will be presented, introducing thiéorelaetween
every modelling component

0 The methodology for the construction of each model magtibe presented in this section, but
in the subsequent dedicatetbr each model sections.

0 Therequired data in order to feed each model will be presented in this section. Their availability
and the methods to acquire them will be presented in thissectio

3.1.1. Objective and scope

The objective of the environmental management model idetatify the inputs and outputs of the energy
demand and production model, the hinterland multimodal transport model and the environmental pollution
model in order talevelg a modelling and simulation methodology taking into account the impact of the

results of one model on anotherThus, the scope of the environmental management model is to provide the
project with the structure of the data types that will be used in tlielsiand following initial discussions

with the PIXEL participating poris assess the feasible level of detail that can be achieved through current data
availabilty. Fol | owi ng this scope, some model | i nthecarent por t
input of ports will be presented

3.1.2. Data sourcedescription

There are two different data sources to be used a

i Static data coming from ports inventories.

o Facilities Management caprovide lists of existing equipment containing information on
machinery brand and type, power, type of fuel / energy used, consumption, throughout,
environmental limitations (e.g. wind for cranes), etc.

0 Operations Management can provide information orstag chains (scenarios) inside the port
for the handling of cargo. This information can include machinery usage sequence, throughput
of the whole operation, environmental limitations (e.g. heat for workers, rain for cereal

handling, etc.).
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o This type of d&a can be integrated at the models during the model creatonally by the
enduser This data will be store in the Information Hub and an interface will be developed to
allow endusers to define therhlowever, during the port operation (and the modgliegtion),
the users should be able to change these data in the model, should the items these data are
referring at actually change. For examplé, iifi the futurei a port decides to replace Straddle
Carriers with Terminal Tractors for the transfer ahtainers between the dock and the
container storage area, the user should be able to:

A add the new Terminal Tractors in the equipment inventory of the model and

A replace the Straddle Carriers in the correspondienario ordiscard the existing
scenario and create a new one containing only the Terminal Tractors.

1 Dynamic data coming from ports IT infrastructure such as Port Management Information
Systems (PMIS) orTerminal Operating Systems

o An example of this data can be the ships©o
can be retrieved through PMIS or specialized systems like VIGIEsip for GPMB. Using this call
list, the model will be able to answelethjuestion of when cargo isexpected to be handled.

So, this list should contain data such as expected time of cargo (ship carrying the cargo) arrival
or departure, amount of cargo, areas concerned (e.g. dock specification). This way of model

datafeedig wi I | be named fAForecast Patho as it w
o However as described in (Simon, 2019) , t his

calls may not be declared in the PMIS. For small and medined portsa large part of the

shipsod6 calls is received only about 24 to 4

be supplemented by a predictive algorithm evaluating the recorded cargoes treated by the port
during a similar timeframe in the pdsised on seasonality of cargo shipments. This way of
model data feeding will be named AAssessmen
cargo handling.

o Furthermore, the user should be able to freely edit the list of considered cdigsekma will
be store in the Information Hub and an interface will be developed to allowsens to define
them. The customized cargoes list can be based on an imported csv or json file, or directly
from fAForecast Patho or A A slaaefeedingevili be nddreed h o .
Awhat i f Patho as it wild.l all ow the wusers |
departure.

3.1.3. Links between port operation, activities impacts and emissions
guantifications

The importance of the port sector in the development of the global commercial activity is vital. At present it is
considered thamor e t han 90% of t he seafnternational MaritingedDeganizagion,c ar r
2019). As described in Deliverabdo. 3.1- Stakeholders and market analysis report the general activities of
the ports can be distinguished as follows:

1 Container and general cargo handling,
1 Solid Bulk handling,
9 Liquid bulk handling,

1 Passenger transport.

All activities are related to airgtlutant emissions in general as well as being an important source of
environmental noise pollutiorFurthermore, solid bulk handling has the risk of accidental release of bulk
material to the environment and liquid bulk handling has the risk of accidggiltal Also, intensive maritime
transport activities are related to abrasion of t|
on the marine environment are limited to events usually of accidental origin and are not corelatedpplyhe

chains operators. For example:
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Stormwater ruroff from port (when not collected by stormwater network)
Accidental leakages in loading and unloading of products.

Accidental leakages in refuelling operations.

Oil and motor fuel leakages from crangscks, tractors, stackers, etc.

9 Accidental discharges of chemical or hydrocarbon from deposits.

Therefore, releases of solid bulk, spills of liquid bulk and similar events are mostly accidental and they will not
be modelledEnvironmental air pollution ithe top 2018 environmental priority (EcoPorts | ESPO, 2018) by

the European port sector as a whole, followed by energy consumption. Although noise pollution is also a
significant priority, the compl e xivitiesinedtlegddormadys i n
sources that may contribute to the ambient noise of a port area agglomeration, so this matter is addressed in the
Environmental Pollution Models section. Air pollution sources in seaports as far as activities are concerned are
identified in the following table:

=A =4 =4 =4

Source Pollutants Effects Geographical Level
Dry bulk Sulphur dioxide (S€), Hydro Human Health (acute and Local, Regional and
carbons (HCs)Particulate chronic) Global
o matters (PMo, PMzs), Lead
Liquid bulk (Pb), Nitrogen oxides (N,

volatile organic compounds
(VOCs) Ozone (@), Hydrogen
fluoride (HF), Carbon
monoxide (CO), Hydrogen
fluoride (HF), Heavy metals

General cargo

Cargo handling storage Ecosystem Local, Regional and
(e.9. Hg, Pb, Cd etc.) (acute and chronic) Global
Vehicle and equipment]
maintenance
Users Handling and Greenhouse gas emission Global
storage of chemicals (ne
bulk)
Fuellingand bunkering Acid rain Global
: Building and open are:
maintenance
Transhipment Stratospheric ozone depletig Global
(Ro-Ro, Passenger,
Container
Ship movement Longrange transport Global

Maintenance dredging §&
disposal
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Towing

Mooring

According to (Milogevili, et al., 2019) and as far
associated with the activities mentioned above are:

Ocean going vessels.
Cargohandling equipment.
Vehicles.

O¢ O¢ O«

Total emissionsfor each source of pollution (equipment) will be calculated by using an equation of the
following type: TE = AXx EF
Where:

M TE= total emission
1 A= activity rate
1 EF=emission factor

3.2. Description of the overall methodology for the
environmental management of port

The PIXEL modelling stackébés purpose is to transfo
fixed lists of data) into useful and actionable information. To do this, theagpdeveloped makes a clear
distinction between two steps, as illustrated in Figdre 1

WP4
T4.1 T4.2,T4.3, T4.N
Port’s
Activities
Scenario

Outcome
Calculation

The first step transforms the fed raw data inBar t 6 s Acti vities Scenario (F
upcoming portdéds operations with determined articu
of the PAS on a certain time period (as energies consumption, pollutants emission etc.).

3.2.1. Definition of a port activities scenario

Port activity is generated by incoming and outgoing cargoes transition into the port ecosystem. Therefore,
PIXEL focuses on the cargoes handling from one area to another through machines. For each cargo, there ar
several ways to arrange transition operations between areas. A hypothetical combination of those transition
operations (for one or more cargo) will be denoted thereaftes@nario(Simonet al, 2019) That is why the

main and central component ofetPIXEL modelling approach istfeor t 6 s Act i denoiedks Sc
thereafter aPAS) modelling.
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PAS modelling is able to describe all operations taking place within a port. However, there is a strong limitation
for correct modelling: once an amountafgo is stored in a warehousing area, its transition to the gate (outside

of the port) wildl not happen automatically, but
hinterland transport equi p me aty, et@a SoaHIXElavillifocus eangargoeswn e r
handling between ships and storage areas. The forecasting of hinterland cargo handling will be based on
predictive algorithms.

The Port Activities Scenarios will be used to link the different models and guairgeteperability (i.e. outputs
of multimodal transport model will beninput to aif noisepollution models).

Energies
Consumption

Port’s Activities Scenario

Pollutants
Emission

A PIXEL scenario is a set of datas#eibing all the activities and the equipment participating in those activities
that are taking place within a timeframe for a specific amount of specified cargo. As such, it allows the
calculation of energy consumption, emissions quantifications andeottexnalities quantification.

A PIXEL scenariaconsists af

1 A call for the handling of an amount of cargo starting at a specified time.
0 A scenario (supply chain) applied on tigovementionedcall. The supply chain contains:
A Machinery.
A Areas.
A General port considerations or restrictions.

A default supply chain should be provided by the user, in case there is no direct
correspondence between a cargo type and a supply chairhis data will be store in the
Information Hub and an interface will be developed to allowesets to define them.

The following paragraphs define the data models for the modelling of a PIXEL scenario: a data model organizes
elements of data and standardizes how they relate to each other and to real world entities. Having a common
structure fomodellingsupply chairallow to model different scenatrio

In order to build the PAS, and to enable total integration of the following outcome calculation madules,
important work was done to identify and design suitable-aetdels. The datenodels are théormal data
structure definition that is used to represent an entity involved in the PAS modelling. This section provides an
overview of each datmodel with some example (based on the French GPMB useacasavith huge
collaboration of the energy modladispatched into three indicative groups. A detailed presentation can be found
both inappendixAand i n t he Pl XdEd,@¥9).paper (Si mon
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The call for the handling of an amount of cargo at a specified time will be originating by vessel dhkty (as
are described in 3.1.2). The procedure to transform such vessel calls into cargo queues will be described in 3.2.3.

Input: The input will be containing data related to:

T The shipbébs name and | MO number .
T The shipbs esti mat e d totthe poe and fo a specifiadoce.] and depar

1 The category or type of cargo that will be unloaded and/or loaded and the stakeholders related to that
operation supplemented with a description regarding its inherent danger for handling.

Thisdatacanbe bt ai ned by the vesselsbd calll ' ist and by t
transformed by the PMIS. It can be supplemented by past (historical) data in order to specify the exact type of
cargo.

Output: The output will be containindata related to the port activities that will take place for the handling of
the cargo of the input. It will apply the selected (by the PAS builder or the user) supply chain for the cargo(es)
that will be handled for each ship.

The dataofcélect i ons describe information relative to
description of the port and its operations. This
data is the por vidersofthisdateintheportiitsels equigmerd mgmuwals and brochures and
areas descriptions can be provided mainly by the Facilities Management and logistics chains, stakeholders
mapping, cargo cataloguing and port operations rules (that are descrih@dLif.3) can be provided mainly

by the Operations Management. However, the collection of this data can be a lengthy process since, as it has
been observed during T4.1, these are not readily avaikihbdly, it is noted that data such as emissiontofac

or machinery emissions can be obtained from relevant literature (GloMEEP) or from databases. The collections
of data are the following:

1 Machine
This is a collection of the machinery used by
operdions. The characteristic of the equipment relative to the modelling of PIXEL is related to the
following:

0 Machine type machine types are specified by the users and categorize the equipment per its
function (e.g. cranes, forklifts, straddle carriers,)et€his characteristic, coupled with the
availability of a machine allows the model to either select alternative machinery (for the same
stakeholder) or to select generic values for its throughput, consumption etc. if any of these is
not available.

0 Operate: In the European context, the equipment is usually not owned by the port authorities
but by operators (i.e. Terminals, Agents, etc.). This characteristic forbids the motbebse
equipment for handling cargo that is not related to a stakeholder.

o Throughput: This describes the efficiency of the equipment and is expressed in units of cargo
that can be handled in a time unit.

0 Speedfor moving machines (i.e. machines that are carrying cargo between two specified areas
of the port), throughput is calculatas the amount of cargo that can be moved within the unit
of time. So, specifying the speed of the equipment when loaded and when empty allows the
model to calculate the throughput of the machine.

o ConsumptionRegardless of whether the equipment operatteslectricity or on fossil fuels
(usually Diesel), this characteristic of the machine will allow the model to predict the energy
consumed within the specified amount of time the machine will be operating and calculate
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subsequently the air pollutant em@ss of the equipment during its operation ugngssions
factors(see 3.2.2).

o Emissions: Emissions factors can be superseded by knowing the exact emissions of an
equipment during its operatignusually this type of data is provided by the manufacturer.

1 Area
Depending on the level of detail required by the user (port), the aremodth can be:
0 Generic (e.g. describing only one shore / ship unloading area and one warehousing area)

0 More detailed (e.g. describing only one area per use, i.e. pier for cereals carrying ships, pier for
container ships, etc., liquid cargo storage aredaouer storage area, etc.).

o0 Even more detailed (e.g. dock 1 of pier 1 for container ships, dock 2 of pier 1 for container
ships, dock 1 of pier 2 for cereal carrying ships, etc., Liquid cargo tank 1, Liquid cargo tank 2,
Cereal warehouse, Ore silo, etc.).

As the model is simulating energy consumption and movement of cargo, it currently does not require
the areasb6 cargo capacity for capacity check s
option is requested in the future, it can be addeatie model.

Compared to machines, areas have one key distinction: energy may be consumed even when no cargo
is currently entering or exiting from it as is the case for thermal regulated tanks, constant lightning in
warehouses etc. Obviously in most camesas can be used by many different stakeholders.

The characteristics of the areas related to PIXEL are the following:

0 Area type:Area types as defined by the user are a failsafe feature of the model that will not
allow the user to handle cargo in areas suited for this cargo. So, for example containers
cannotbe stored in oil tanks.

o ConsumptionAs noted above, consumption for areas is required in order for the energy model
to calculate the energy consumed in these areas not only during cargo hamadiiadso
constantly.

9 Supply Chain
A collection of the activity data referring to the logistics chain linked to a cargo. It is composed of the
following data:

o0 Operator:Same as for the equipment, the stakeholder that is operating the described supply
chain. If for the same type of cargo there are more than one supply chains, one of the filters
applied is the operator mentioned in the PAS Input.

o Cargo Typetheassociated cargype beinghandedof which the supply chain is describing.

0 Areas of departurend arrivalthe main function of sequences of equipment operating in a port
is moving cargo from one area to another.

o Handling way:This can be used to describe different operations on the same cargo as for
example whether the cargo is being loaded or unloaded from a ship.

0 Operations:For each equipment involved in the supply chain, its operations are described.
PIXEL provides the #xibility to distinguish between different modégpes of operations of
one equipment (e.g. initialization, normal operation, end of operation and machinery storage
etc.) and describe them separately. Besides the machine and its type, the followisg are a
described:

A The type of the start or end of the machinery operation.ekample,it is defined
whether operation B will start as soon as the supply chain starts (or whenever it
becomes available), or together with operation A, or after operation Ades
concluded.
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This can be related either to different machinery working sequentially or to the same
machines entering different type of operation (e.g. initialization is followed by
operation which is followed by storage).

A The duration of the operatioithis can be given either directly (e.g. for machinery
initialization i engine warrrup), or through a simple arithmetic operation between
throughput and the percentage of the amount of cargo to be handled or between the
speed of the machinery and the disethe equipment has to cover.

o Usability: The description of the working shifts during which the supply chain will be
operating.

1 Cargo type

A collection of the cargo types and their gypes the port is handling specifying the cargo
measurement units atige typical amount range for each cargo.

Rules are being used by the PAS builder in order to prioritise, check and map the cargoes and the supply chains
These are also specific to each port.

91 Priority
Priority rules specify whether First First Out (FIFO) rules apply, the priority order of each cargo type
and the priority order for handling of hazardous cargo. This is used by the PAS builder in case a number

of ships carrying cargo using shared equipment dock almost simultaneously attth®eperally
speakingby setting the Priorities the issue of having N cargo types using 1 supply chain is tackled.

1 Mapper

Mapping rules prioritize the supply chains for one cargo type, if there are more than one ways to handle
it. Generallyspeakingpy setting the Mapping rules the issue of having 1 cargo type using N supply
chains is solved.

3.2.2. Emissionsquantifications

The quantification of air emissions resulting from port activitesbe based in the use of emissiontdéas
(EF).

The average air emissions potential of equipneeguantified by using the following formulas:

E=AXEF
A=FC/T
Where,
A E = total emission in kg/T
A A = the activity
A EF = emission factor (g/kg fuel),
A the workingTtime=in the port (h) of an equipment within the port,
A FC = fuel consumption (g/ kWh).
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Diesel Fuel Consumption availability

The following air pollutants can be quantified:

Pollutant

Nitrogen Oxide (NQ)

Carbon Monoxide (CO)

Carbon Dioxide (C@)

Methane (CH)

Sulphur Dioxide (S©)

Non-methane volatile organic compounds (NMVOC)

Particulate Matter 10 micrometers or less in diameter (PM10)

Assumptions for diesel machines:

9 Diesel machines fuel consumption is an almiastar function of their power output. The fuel
consumption of a correctly tuned diesel machine ranges between 230 and 240 grams / kWh.

91 Diesel machines are seldom operated at full power, due to issues of overheating, loss of pdieest, etc.
diesel engin®peratoroperate them in a range between 50% and 70%. If no consumption is given for
a machine participating in an activity, in PIXEL we assume, that cargo handling equipment will be
operating in 70% of its full rated power, loaded cargo carrying equipwitbe operating in 70% of
its full rated power and unloaded cargo carrying equipment will be operating in 50% of its full rated
power.

The operational activities of the ports as modelled by Pl@itribute to the buildip of an emission inventory
for the calculation of the Port Environmental Index as shown in WP%3 PEI development and described in
D5.2 PEI definition and algorithms.

An emission inventory is eollection of data presenting amission of pollutant (to air) and related parameters
including(Van Aalst, et al., 1998)

1 the location of the emission and the elevation of the release of the pollutant

9 the time dependence, i.e. the certain time period dwririgh the emissions are totalled

9 the chemical properties of the pollutant

9 the cause of the emission and its relation to human activity
By quantifying the emissions of air pollutants through the supply chain modelling, PIXEL is able to feed directly
the PElalgorithms with emissions data related to operational activities of the ports. Furthermore, PAS
aggregates the actions (operations) of a port within a certain time period and can make rough edtmations
feeding PEI calculation (see deliverable D5.2rfmre details).

3.2.3. How to build and use a port activities scenario for environmental
management

The Port Activities Scenario is designed to be flexible in its adoption from different ports and for different cases.
It is based in the following principles:
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T

T

1

Modularity: As described in 3.2.1, PAS will link different models and will provide data resulting from
one model to the other(s).

Flexibility: By being an interoperable hub of different models, PAS can allow the future development

of additional models descibn g ot her portsd®é use cases.

Adaptability: Being able to operate with varied amount and accuracy of data, PAS will provide results
of varying certainty. Input data can range from generic areas and supply chains with dummy equipment
to very detailed and spiéic descriptions of equipment, supply chains and working restrictions within

the port.

In order to comprehend the modularity, flexibility and adaptability of the PIXEL solution, a full example of the
PAS operation is described below.

The sequence of actions from a vessel call to a quantification of emissions is as follows:

1.
2.
3.

A ship approaching a port sends a vessel call and a FAL form to the PMIS of the port.
The PMIS feeddie PAS with the PAS Input.

PAS considers:

a. The cargo.

b. The estimated time of arrival.

c. The port description.

d. The rules and priorities set before hand for the handling of similar cargo.

In order to create a supply chain queue.

The energy consumptiaorresponding to the PAS is calculated by the energy model.

With the use of emissions factors, the energy consumption calculated is translated to emissions
guantifications by the PAS.

The emissions quantifications can be used by the Environmental PoMdideis.
The emission factors can be used to feed PEI data values (with simulated data) for its calculation.

PAS Builder

Define modelling scope  Order handling queue  Assign one supply-chain Project planned Allow user edition & Exaustive activities
by priority for to every handling. activity on time validation. description.

loT resources allocation dimension

PAS Input PAS Output
API Input json Json
Open data

Sensor

Port’s IT
Sytem

(o}
C. ’
Collection X
Jjson

Rules X
Jjson

Data storage

(versionning) GUI (view, edit)
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The limits of themodel are mainly related to the limits of the automation in the ports industry.

1. Data availability
Most ofthe data needed for the model areeadilyavailable. Examples of data difficult to retrieve are:

9 Cargo type: although cargo category (i.e. lighidk, dry bulk, containers, etc.) can be retrieved
from the vessel call, the FAL forms that contain the cargo declaration of the ship are not usually
notified to the port authorities; instead those are sent to the customs office. So, this type of data is
available only after the cargo unloading operations are finished. Similarly, the exact type and
guantity of cargo to be loaded to ships is not known well in advance before the cargo loading to ship
operations commence.

1 Equipment specifications: The port hatities are not owners of the cargo handling equipment.
Depending on the cargo to be handled, various stakeholders are involved: for example, usually
containers are being handled by terminal operators while bulk cargo is being handled by private
companiesConsequently, there are no centralized inventories with cargo handling equipment and
their specifications, and it will remain so as different entities are normally not willing to share data.

91 Data availability issues can be handled by following a MininMiatle Product approach and work
with available data, or with data that can be retrieved by averaging similar data from other ports.
However, this could decrease the model output accuracy (leading to great uncertainty and just giving
an order of magnitudef the results). Also, manual data imputation can lead to model manipulation,
S0 as to produckavourableresults.

2. Lack of supply chain description

A special data availability issugpearsf, for instancefor a specified cargo type, supply chain is described
in the model. This can be resolved by describing a default supply (©&dined by ports through GUtd be
used for all cargo types within a cargo category, however this will lead to loss of detail in the model output.

3. Use of different supplychains for one cargo type

Different stakeholders (private companies, terminal operators) can be using different equipment to handle the
same type of cargo. Depending on the equipment availability, even the same stakeholder can choose to
temporarily modifythe supply chain that will actually be used to handle cargo. Such decisions can be based on
equipment unavailability, managerial or financial factors, etc.

This limitation can be handled by resolving to the use of a default supply chain (if availableyehsame as

for lack of supply chain description, this will inevitably lead to loss of detail in the model output. In the future,

a better way to handle this limitation will be through the use of predictive algorithms based on the data feedback
to the sgtem regarding the actual supply chain that was elected in similar cases.

4. Timing uncertainty
The cargo handling operations within a port are grouped in two phases. For cargo unloading from a ship these
phases are:

1 Phase 1: Cargo is unloaded from shg and is transferred and stored in a temporary storage area (yard,
tank, warehouse, etc.).

1 Phase 2: Cargis loadedrom the temporary storage on to hinterland transportation vehicles (trucks or
wagons) and is being transferred out of the port.

For carg loading on ships the phases are similar.

Although the same modelling approach can be used for both phases, there is an unspecified amount of time
between the two phases: cargo can stay within a port for an unspecified amount of time before it Ipaxtes the
Furthermore, the cargo can be split between different companies before it leaves the storage area.
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Thus,the current modelling approach is focused only in the handling of cargo between the ship and the storage
area. In the future, predictive algoritk can be used to predict the slack time between the two phases of cargo
handling.

5. Level of accuracy

As explained in(Simonet al 2019)dependingof the purpose of modelling and the expected precision,
input data could be less or more detdi Thus, ports can use PIXEL models with comprehensive data
(detailed model and low uncertainty), screening data (some local input and external data leading to a
significant uncertainty) and scaled data (average and-specific inpudata leading to great uncertainty

and just giving an order of magnitudé).order to make comparisons between the cargo handling efficiency of
different ports, or the cargo handling efficiency of the same port across different time spans, the level of
acaracy must be similar.

To surpass such limitations, a relatively rich database consisting of data from different users will be developed
over time, thus the detail of data will be increased.

3.2.4. Requirements for integration of the port activities scenario irthe
PIXEL architecture

The data that will be collected will be fed into the system in the form of json files. JISON (JavaScript Object
Notation) is a widely used lightweight ddtderchange format written in text format which used by
applications to parse data and generate output that will be fed to the next function.

The json files that will be used for the model are the following:

Port descriptionréssourcesdata files.These data files will be created based on manual impahe users
Readers should note that the data models have been defined and should fulfil by ports.

9 Collection_AREA.jsori file containing the area data of the port.

1 Collection_CARGGTYPE.jsoni file containing the cargo types that will be handled leygbrt.
1 Collection_MACHINES.jsori file containing the port equipment and their specifications.
1

Collection_SUPPLYCHAIN.jsoni file containing the descriptions of the supply chains to be used
by the port.

Port Activities Scenario files:
1 PAS_Input.jsoni input file generated by the Port Management Information System which is based
on vessel call and past data collected.

1 PAS_Output.jsoni file containing the port activities that will take place based on the
PAS Input.json and PAS_Input_emtked.json

Rules files:
1 Rules_ MAPPER.jsoin file containing the rules for mapping supply chain (priority supply chains
and default supply chains).
1 Rules_PRIORITIZER.jsoi file containing the cargo priorities rules.

The applications written in Python 3.6 with pipenv, so the CPU, RAM and HD requirements are loveridw
modern computers capable of internet browsing should be able to run the PAS builder.
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TheGraphical User Interface (GURill be used fo:

1 Inputing initial data (creation of Collection_AREA.json, Collection_CARGYPE.json,
Collection_MACHINES.json, Collection_SUPPLEHAIN.json):

Identification
ID NCA_Pellets Suitable_Cargo_Type
Area_TvpeI Non Covered Area J_ﬂ Pellets
Consumption (kWh)
InUse

With_sunlight
Without_sunlight
Thermal_Regulation
Other

NotInUse
With_sunlight
Without_sunlight
Thermal_Regulation
Other

dentification

1D Loader (C 01 Suitable_Area Suitable_Cargo_Type Capacity Speed (lm/h) Consumption
Machine_Type Loader fow Capaciy) Terminal Hangar Packed wood
Model Non Covered Avea Crushed gass
Owner Berth Paper pulp
Terminal Other Dry Bulk
Picture Piease spedly  url of the uplosded picture
Specifcations

Initialization (min)

Weather limits  Rainfall (mayh)

Defauht Loaded back ratio (%)
Consumption Units 110%m

Consumption

Emissions.

Capacity

Speed (km/h)

Empty Loaded back rato (%)
Consumption

Emissions

Comments
Date Time Text

Identification
ID Import_Pacxked_Wood
Cargo_Type Packed wood
Quantity Units t
Placement
Area Start AreaFinish
Name Name
Berth_03 NCA_PackedWood
Equipment
Machine Sequence for next machine Route length
Terminal Lighting > 0
Rail Crane > 0
Loader (Medium Capacity) > 500
Loader (Low Capacity) 500

Figure 16: Example of GUI for initial data
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u
PIXEL

1 PAS output manual editing: befottee final issuance of the PAS, the user should be able to edit the

output.

STOPOVER HANDLINGS

[-]1HANDLINGS [2]

METADATA

= Aagent Operator  Way CONSTRAINT  DOCK CARGO
[-lcarGo { }
[-]oock ¢ } Dangerous  false
[-]1sTOPOVER { } Area_ID Area 1 Type [-1Type { }
1 SEAINVEST  SPAL Déchargement  null
v 201065 v " ETAdock 1566329201 Céréale  Mais
ETA_Port 1566325200 ETD_dock | 1566425202 - . [-]mETADATA ( }
1 ETD_Port 1566526281 - COMMENTS [ 4] COMMENTS [1]
Label Ma cargaison déchargée
BOAT [-1BOAT { } HISTORY [+]HisTORY [4]
o 140007 [-1carGo { }
— [-1bock € ¥ Dangerous  false
Area_ID Area 2 Type [-1Type € }
2 SEAINVEST  SPBL Chargement  null
ETAdock 1566432203 Céréale  Blé
ETD_dock 1566751684 AU 2348
Label Ma cargaison chargée
[-]HANDUINGS [1]
l-1sToroven () = Agent Operator  Way CONSTRAINT DOCK CARGO
0 20190483
[-]carco { }
ETA Port 1566587520 p [-]METADATA { }
ETD Port 1566780192 [-1pock 13 Dungpeo | o COMMENTS
2 Pe [-] CONSTRAINT { } ™ [+])commenTs [1]
BOAT [ AreaiD  Area2 ype [-]Type { 3
-1BOAT { } 1 SEANVEST  SPBL Chargement | Maximal_Dock_Departure TS 1566780192 HISTORY
ETA dock 1566593520 Céréale  Blé [+]misTORY [1]
D IMO_42 Weather No_Rain
p— ETD_dock 1566772192 Amount s684
Label Man bié blabla
[-]sToPoveR { }
[-]HANDLINGS [1]
L) 20130800
= Agent ‘Operator Way CONSTRAINT DocK CARGO
ETA_Port 1566777600 [-1METADATA { }
3 ETD_Port 1368116800 [-loock £3 COMMENTS [ 4] COMMENTS [1]
BOAT [ Area_ID Area_4
-]soaT 1 oM nul null ool null HISTORY
1) Emadock  null [+]HISTORY [1]
D IMO_401
ETD_dock null
Name Ghost

Figure 17: Example of GUI for PAS editing

User live notification will be handled throughessage boxe$he final visualization of the PAS output
will be similar to a Gantt chart

A | B L€ 1 E | F G | H | | [JKILMNOPQRS TUWVWEZX Y ZANABACACAE
, |[Project Name] Project Schedule “Eaniithas Damnins: 0 SISS-INIPGy sl aam,
i‘ [Company MName] ¢ N
4_ Project Start Date  1/29/2018 (Monday) Display Week 1 Week 1 Week 2 Week 3
5_ Project Lead Ted Harris 29 .Jan 2018 5Feb 2018 12 Feb 2018
6 | o311/ 2] 3456 7)) 910 1fE 1)1 15| 6|7 18
Al h h - h o, h wORK‘
; WBS  TASK LEAD  START END  DAYS L ve MTWTFSSI‘.‘ITWTFSSTWTFSS
a |1 [Task Category] - -
g [11  [Tasi [Name]  Mon 128118  Fri2z18 5 | 100% S _
1012 [masq Sat20318 Wed200718 5 [B0% 3 [ ]
1113 [asq Thu2/08M18  Sun2/1118 4 0% 2 [
12: 14 [rasy Thu20118  sunz04ns 4 [dsk 2 e
13 141 [Subtasi Fi2i02iM8  Satz03ne 2 [B0% 1 [ |
14 142 [Sublasi Sun 204118 TueZi06Ms 3 [IB0% 2 -
1515 [masq Mon 200518  Fri2i08M8 5 0% S _
1616 [asq Sat2/0318  Fri20eM8 7 0% S _
4717 s Sat2M0M8  Friziens 7 0% 5
1 3_ 2 [Task Category] - -
19|21 [Tasq Sat2M0M8  Tue2MI1B 4 0% 2 r
o022 Mmask Wed 2114118 Fri2neMs 3 0% 3 [ ]
91]23 sk Wed 21418 FrizM&Ns 3 0% 3 [ ]
93|24 [Task] Sat2M7M8  Thu22218 6 0% 4 [ |
9725 [Task] Fri223M8  Sun212518 3 0%
24_3 [Task Category] - -
25 (31 [Task] Sat2f0M3  Tue2M3NE 4 0% 2 [
96|32 ask Wed 21418 FrizMENs 3 0% 3 [ ]
o7 |33 MMasH Wed 2114118 Fri2M6Ms 3 0% 3 [ ]

Figure 18: Example of GUI for PAS output
The PAS builder will be triggered on user demand or with the creation of a new PAS_Input.json by the PMIS.
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As a reasonably powerful and flexible tool, some aspects of PA&bariketup and use can be too complex to

be done without some training. Initial setup should be carried out by the software development personnel in
cooperation with the portsdéd facilities and nplerat.
files can be used.

Everyday operation should be monitored and input
that case, the training required wild./ be focused «
tutorials.

The application will be transferable for reasons related to technology advancement, expansion of ports, etc.
Such transferability is ensured with the json files used by the application are text based and not binary.
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4.Energy demandmodels

For operational actors in ports, energy efficiency is an important issue from environmental and economic
perspectives. In time, ports would like to be able to optimize their energies flowsaim is to modethe

pot 6s energy demand and production to provide in
efficiency In order to do so, a prerequisite is to quantify both energies consumption and production in order to
access to energies balance in the contegbmplex industrial processes. To do so, eéhergymodel deploy

three complementary components addressing those needsgisex19:

1. Quantify the energies consumption corresponding to a PAS.
2. Predict the local photovoltaic electricipyoduction for a given period.
3. Estimate the resulting electricity net balance between electricity consumption and production
in the port area.
In the following sections we describe each of the

Energles Energy Model

Consumption

PAS Builder [—» Fossil fusls |
T Electricity Balance
Electncity

v Concomilance

Follutants
Emission

Photovoltaic Efficiency
Production

Londg term
average

Short tem
pradiction

4.1. Energy modeldescription

4.1.1. Consumption module

This first module aims to enable ports to calculate their energies consumption related to their agingges.
energy demand at the port is directlyproportional to the movement of cargo, we give special focus on this
specific task The energy demand will be modelled according to a fixed scenario using the PAS

For every considered cardioat is transitingnside the port, the corresponding sequence of operations across
time is provided througthe port activity scenarid?@AS) described in the previous sectidrhis time series is

the modul ebs input. For each o ppeanditsiurotoonsurption vatbesr at i
are available (from input and parameters combination). For each operation, the energy cost is calculated as the
product of atomic operationds duration multiplieoc
consumption independent to the PAS (e.g. buildings with thermal regulation) could also be considered and add
to the energyobésries Dhmesmnu mipar oemvernyneenergyébés type, all
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the same timeframe can be summed to get the corresponding total consumption. The sequetitesef all
timeframesconstitute the energies consumption tiseeies.

Port o6s sMAcehariovi ti e

The mains input for the energy model is the port activity scenario as a list of ordered operation that take place
in the port over a certain period of tinTéhis inputis described ithe previous section. A lot of wotasbeen

done in collabaation between tasks T4.1 and T4.2 to be ablgetteratea port activity scenario that could

easily be used as amputfor the energy model he data model for the port activity scenario is a conjoint work

and a huge focus on interoperability have bearedo

Machines, Buildings andlights specifications

These parameteegedescribed irthe previoussectionand have to be ful#@dby port agents and/or terminal
operators.

The output consists of information addition into #&S. For every operation, the energies consumption is
inserted as a new stiield.

The modul e design presents the advantage to scal e
allows ports and users to ase their optimal position between [simple inpiutewer accuracy] and [ricle
inputsi higher accuracy]. This also imesthat the module does not have a known default inaccuracy or error

rate. Beside the impact of missing or erroneous data (i.e. incenipe boat sé cal | I i st
machinebs energy unit consumption), i naccuracy i s
parameter. As an example, graupseveral atomic operations into a unique sumblgin description, ansng

uni que machineds energy consumption independently

Furthermore, the module design brings strong control to the final user in order to adapt to frequent needs of
adaptation to special case. Several khemd warning are provided, but emskr have strong responsibility on
output coherency and accuracy.

Finally, models intrinsically incorporate simplification that brings incompressible errors. Indeed, many factors
can impact operator and machine efficigand thus the energy consumption. As an example, temperature can
substantially modify the viscosity of a fluid and
have different efficiency.

The Energies Consumpt i cambe tasddnd vatidatd by bvo approatbs First,che r a c y
opinion of several experienced port operators could be requested. To do so, eastoexgpsetup an arbitrary

PAS (corresponding to his cargoes handling expertise) and give an appreciatomtultile output. Second,

the module output can be confronted to effective measurement. As an example, to quantify the whole activities'
electricity consumptiomodelling a PAS corresponding to actual activities during a billing period can be use.
The ratio ofmodelledconsumption versus actual billed amount can be used as an accuracy quantification tool.
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Note that GPMBuwill be ablesoonto provide aggregated electricitpnsumption data in real time. This could
allow a thorough inspection of the model's accuracy. In particular to study the results of the model on a fine
temporal resolution such as hotihis work will be done in WP7.

4.1.2. Photovoltaic Production module

This module aira to predict the electrical energy thabuld be produced byhe port usingphotovoltaic
installation.For now, GPMB have no Pheither other PIXEL portgystems already installed atiair goals

is to have tools in order to makedecision for investment. For the modelling purpesehave distinguisd

two distinct needs and contexA first scenario is to size an installation or calculating depreciation, with a more
long-term perspective. The following section describe this rfeodusecondscenario is to pilot a power grid
considering the incoming electrical production. This corresponds to continuously predicting next hout® to days
production. This is addressed through a specific predictive algorithm (T4.5) that will be e stideliverable

D4.4.

This module aims to provide typical or fAmost pr ot
plant. The module is based onthe RGE ur opean t drgure?2@. Thidohling talesedree and
high-quality photovoltaic production calculator, described as fallow:

AThis tool makes it possible to estimate the [ é]
grid, without battery storage. The calculation takes into accthmsolar radiation, temperature, wind speed
and type of PV module. The user can choose how the modules are mounted, whether-staradingerack
mounting, or integrated in a building surface. PVGIS can also calculate the optimum slope and origmation
maxi mi zes the yearly energy production. [ é]O0

Cunor: Une terradn shadows.
] | —— =T

Bevsonim) M o A tehae st terce

Paus Oeurmer

Lo Bastide I Mocering type

L*iO?{!‘yF_f-\UX l

k10 panil o Iahn Crangiamnis

Assress ["ow | Latton [0 |

It gives to users a valuable irradiance and weather database and calculation module, several options covering
most of the needs and a convenient panel sd charact
the AHourly S®NVabDaRadi atsi easeandor Pl XEL through i
resolution (every hour) estimated electrical production for a specified photovoltaic power plant setup,
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considering the historical (or reconstituted) irradiance and weatheriocosdi®nce controlled, these data can
be aggregated to get typical value (e.g. mean hourly production during a summer day, extreme variation and so
on, see in the following section).

From a formal point of view, the input data are net irracBantemperature and wind temporal series. But those
inputs are internally managed by the A8®ool, without user involvement. More details can be found in the
extensive PVE documentation and associated research papers.

Photovoltaic power gant characteristics

Afirst set of parametersconceinh e i nstal |l ati onds site. L ofdalriraatnidc
horizon (neighbourhoodés shadows) wi | | sdhe pangds t he
themselves. Beside technical considerations as weight, maximum power voltage and other, the panel technology
(as thin films, mono or multi crystalline silicon, CIS or CdTe, with or withoutefkective coating) will drive

the efficiency (comersion rate and thermal drift). A third set of parameters concern the whole panels rack.
Number and size of panels, base type (fixed or 1D/2D tracking system) and other (DC/AC conversion ratio,
system consumption) will drive the resulting electrical poowdput.

Furthermore, PVG propose several options as considering batteries, import shadows data and other. For a
complete description, see P\&u s er 6 s. manual

Beside some header and footer information, the output is a csv file containaigdtnieity power production
as a time series, as presented in tapiehereEPVis the PV system power (W_i is the inplane irradiance
(W/m2), Asis the sun elevation (degljambis the ambient temperature (deg. @) 0is the wind speed (m/s)
andInt. indicate if the solar radiation values are reconstructed (when the value is 1)

| As Tamb W10 int.
20070101:005! 0.00 0.00 0.00 13.04 3.34
20070101:015! 0.00 0.00 0.00 12.70 3.34
20070101:025! 0.00 0.00 0.00 12.35 3.34
20070101:035! 0.00 0.00 0.00 12.01 3.34
20070101:045! 0.00 0.00 0.00 11.68 3.45
20070101:055! 0.00 0.00 0.00 11.35 3.57
20070101:065! 0.00 0.00 0.00 11.01 3.68
20070101:075! 3.25 12,57 1.45 11.09 3.99
20070101:085! 167.82 205.20 9.49 11.16 4.30

O(O|O|O|O0|Oo|(o|o|o

1 https://re.jrc.ec.europa.eu/pvg_static/en/manual.html
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The calculated "typical” values are reconstituted fem@raging 2007 to 2016 historical irradiance and weather

records. These values do not consider any weather
when PVGS is usal. So, for any user and at any time, the same value will be predictadsii® and a given
moment . Thus, the model 6s outputdés accuracy relie

specific installation would be representative of the actual photovoltaic power plant installation.

I'n the PI XELxt ther®oig mophotowltaic imstatiagon to test H8@rediction against actual
values. Then the test and validation part will be limited to Bi&rformance reported in bibliography. Beside
some limitation due to decreasing accuracy when considemwega@riod shorten than a year, the tool provides
an accuracy that meet the ports expressed requirement.

AiBoth PVGIS and PVWatts seem to predict relativel
and T16. 5. %, r e s p e c tthe preduced enefgh éuring wietat Bnd summer warsens with
deviati ons a(Psomopadilos?015t o 8. %0

Energy Production- 9.6kWp

00
&0«
S .
%
&
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3 3 o NS & < & A A
v AV AR AR A AR OV & & &
S ¢ A $ o

N Real Dat 8 PVOIS PVWane ®RETScroet

SWH/KW

PVGIS approach provides analysis and assessmentgiteirsolar energy resources and predicts with good
accuracy the potential of PV systems in term of electricity production. We find that annual total power
generation of the micrpower is slightly highethan that initially expected at the installation stage and actually
measured. The yearly predicted and measured power production values agree to about 2 %. However,
individual monthly production can have larger discreparf&uri, 2006).

4.1.3. Balance module

To optimize energy in ports, there is a strong need to convert energy consumption and production data into
actionable information and useful knowledge. As an example, this module can trigger a notification when it
predicts that the net electrical consuioptwill reach its annual peak. As this annual peak is an important
element for the electrical subscription price calculation, operators may choose to spread on few hours the most
consuming operations to avoid this peak. By doing so, the electricity gilmscprice can be reduced every

year. Another example is to enable g$ercharacterise the combination of temporal cycles. From the daily and
yearly photovoltaic production profile, to the <co
acrosstime (e.g.supptyhai n consumptionébés temporal shift from
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This modul e wild.l transform data from Energies Cor
then it will also have thport as perimeter. Three data treatment are realised:

1. The electrical net balance tirseries is calculated. This correspond to the amount of required
electrical power minus the photovoltaic production occurring during the saefeame To do so,

the energies consumption and photovoltaic production-gerges are aligned. This is done while
preserving atomic characteristics for themat,|
and so on), in order to provide a powerful energies data itispeaool.

2. Each timeseries is analysed for its periodicity. A scorepefiodicitiesand the typical time
interval is researched. If a tinseries is composed of several gimhe-series (i.e. the total electrical
consumption), then the relative importanaf each of its periodic component is calculated for
ranking.

3. Energy efficiency is calculated. That is to say, for every operation, the ratio of energy
consumption on cargo amount. For electrical machines, this is done both with and without

considering the photovoltaic production (deduced of energy consumption). Here again, this is done
while preserving atomic characteristics for thematic aggregation

The two inputs are respectively:

1 Energy consumption timeseries (fromth&ner gi es Consumpti on modul
1 Electrical productiontmes er i es (from the Photovhpltaic Pr

If alerts are to be issued when threshold values may be exceeded, these thresholds must be provided a:
parameters.

This module has three types of outputs.

Graph

The data transformation allows to present useful information and knowledge, presented teuger émdugh

graph. A set of preselected graphs are automatically generated thas hboar do f or m. Furt
custom graphs can be built by the user through a convenient interface.

CSV files

The raw and transformed data can be download as csv files.
Notifications

If notifications conditions are setup, then when targetedevedach the threshold value, a notification is sent.
This behaviourcorresponds to a monitoring and skenm prediction use of the tool.
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A limitation concerning this module is a potential errors summation from the twosanes inputs.
Furthermore, for net balance calculation, if one of the-Sergesinputshas no value to matchtimeframeof

the second timseries, a data completitiasto be undertaken. This can introduce error in the net balance time
series calculatiorSimilarly, to theconsumption module, thiealance module will be testl and validated by

expert users in stresast conditionsThis will be done in WP7 during the @gration phasdn particular, the

whol e Energies Model 6s output for a specifically

4.2. Requirements forintegration in the PIXEL architecture

4.2.1. Data requirements

The data necessary for Energy Managetrmodel proper functioning are pointed out in each of the three
modules description.

4.2.2. SystemRequirements

System resources requirement seem lightweight both in terms of storage space and computing power (CPU &
RAM, no need for GPUs). As an indicatiahg first tests on modest computesbkowed that generation of
outputs is done in less than half a second. However, other tests more representative must be performed for
precise quantificatiom WP7with collaboration of WP&In particular, the followingmpact have to be studied:

f amore representative mass of information (PAS size, number of specifications for port's supply
chain, machines and area),

1 the duration of information exchange between the model's modules, and if necessary, with the
Information Hub (through the Operation Tools).

4.2.3. Visualization, triggers and KPIs
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The precise definition of the mogseful graphs for the energy dashboard conception is still undergoing and
will be clarified during the integration phase in WP7. For illustration purpose, some propositions are presented
here.
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Figure 23: Electricity balance (as line) across time, with consumption and production as histogram on background
(2 vertical axig
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Figure 24: Mean net energies consumption (with fossil fuels stacked) for every cargo segment & type pair.
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Figure 25: Machine efficiency (energy consumption per ton) boxplot for every cargo segment & type & scppin
triplet
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Figure 26: Periodicity: TSA seasonal decomposition
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4.2.4. Training requirements

The biggest part of the required user's expertise is relative to the PAS builderTisade to say, generating
the proper PAS for whicthe energy consumption tinseries have to be establisHowever, some training
seems necessary for:

9 getting comfortable to interpret all information provided by the dashboard

9 getting autonomous for deep data exploration with complementary graph tools

9 setting up the notification criteria.

4.2.5. Transferability requirements

The deployment of the model from one port to another is relatively easy, since it is accompanied by few
adaptationsAs a matter of fagimost of theop a r a meonfiguratiosis deported at the level of the PAS Builder
model. However, some configuratioiteé remain to be adapted, such as the characteristics of a theoretical
photovoltaic station, or automatic alerts.

Note that in order to adapt the model's output's confidence interval (optional parameter), each port must
determine the available measurenseanid establish an ad hoc calibration (empirical determination).
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5.Hinterland multimodal transport Model

5.1. Introduction and scope

The operational activities of the Port of Monfalcone are mainly the unloading of goods from the ships and the
handling of the cargim the port warehouses/stocking aréldse main cases within the port of Monfalcone are:

® the goods unloaded from the shie atocked in the port areas;

(i) the goods unloaded from the ship are directly loaded in the truck;

(iii) the trucks enter in the port to load the goods already stocked in the port.

The pier of Monfalcone port is public, so it is a resource shared between thesporo p .énraddition general
services are supplied by different subjects that have specific attributions over the port (Port Authority, Maritime
Authority, Police, Customs Agency, etc.) in accordance to the current legislation.

The traffic managememtf the Monfalcone Port is not linked with other actors of the Regional territory due to
the incomplete monitoring system of the freight traffic in the Friuli Venezia Giulia Region, in particular:

i) no common regional plans;

ii) no interoperable information dgns between the regional stakeholders (included Monfalcone
Ports and SDAG) causes a reduced use of the railwapnland portsservices with the consequent
congestion of the ports areas and of the motorway and urban roads with a highest risk for the

ctizensd mobility;

i) only some port areas digitally managed,;

iv) no prediction plan to avoid congestion events;

V) no analysis on how to reduce the environmental impact of road transport, especially related to
speci al gooss such as #fAsl ab

This trend could be modified using a system that put in communication and cooperation all stakeholders of the
Region in order to increase the knowledge on the typology of the traffic (from, to, what, when) and to manage
the traffic using all available resices (ports, inland ports, railway) in order to reduce the impact on the traffic,
addressing the traffic toward multimodal transport, in particular railway, and improving the services provided
to the truck drivers using all regional resources such asdrgart service provider.

The model should be able to collect data needed and transform it in a trucks flow inside port area and indirectly
in a slot parking demand in order to identify when and howigger events to fulfil pilas aims Hinterland

mut i modal transport model should also be able to c
do so webre going to analyse a specific scenario
different transport mode (rail insteashd) carrying goods from Monfalcone port to destination.

5.2. Avalilable data

5.2.1. Typology, validity, reliability, completeness, accuracy and
integrity of data

There are a lot of different data neeldlo begatheedin order to define a model able to fulfil ttransportation
use case and to bjectvedistn answer to pilotéds

We need to collect the data sholbelow:

0 Vessel calls

0 Planned arrivals and departures of vessels (in a time interval);
0 Planned arrivals and departures of trucks (in a time injerval

0 Real time parking occupancy;
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0 Real time situation on portés gates.

0 Wheaher situation on port premises;

0 Road traffic situati;on (include Authorityds or

0 Complexity of loading and unloading activities in order to estimate time truck will be stuck inside port
area (e.g.: unloading activities requiring special equipment or large temporary storage area influencing
trucks flow inside port area);

0 Historicaldata related to arrivals and departure of vessels

0 Number of availabl@arksin SDAG;

0 Data of SDAG transit (in and out per haur)

Vessel callsWe need to extrapolate the number of vessels ingoing and outgoing for every single day at least
for the week imoming. For each vessel a set of data is associated like identification of vessel, type of goods
carried, estimated time of arrivals and estimated time of departure, number of tons carried;

Planned arrivals and departures of trucks We need to extrapolatiee number of trucks ingoing and outgoing

for every single day at least for the week incomkay.each trucka set of data is associaté@. identification

of trucks (plate number), type of goods carried (the most important thing is to differentie¢ei&DR and

other goods), estimated time of arrivals and estimated time of departure (even the time of stop inside port area
could define the need of a slot inside parking area).

Real time parking occupancy:This data, coming from a cametaat ASPM is ging to install over parking
(deployment and integration in the scope of WBiR)e us real time information about the currently slot parking
availability. This is the most important data in order to estimate not only real time occupation but eveifyto ident
slot availability trend line (historicakcordof parking slot availability).

Real ti me situatBiyonusdmgpaar tchasmegaat eisnist all ed over |
there is a congestion or .&hsinfoomationrgives mstan ideh af vow is goinge r i r
to change parking lot demand in a short term;

Weather situation on port premises These data are useful to understand if trucks incoming to ASPM is going

to have the possibility to reach it by using raafdastructure. This is not only a real time alert (is snowing and

the road to ASPM is closed or completely congested) but even a forecast alert (the weather forecast tell us is
going to strong snow in the n e pingto&Stopheawyrtrafficinitheéried v er
hours).

Road traffic situati on Sdmetimest bhadpenshatuthehcarnespanding sraffio r d e 1
authority is obliged to close some r@adue to car accidestor some planned maintenance work. This
information is useful to understand if a set of trucks planned to arrive in a certain time interval will really arrive

or not, helping decision maker to choose if divert trucks traffic to SDAG. Even trucks exiting from port using
that road could stop insidbe port (and then inside parking area);

Historical data related to arrivals and departure of vesselsThe analysis of historical data related to arrivals
and departure of vessels should pay attention to some correlation between certain vessels loadoaglarg] u
and the availability of parking slot. Model will be able to transform this correlation in a parking slot demand.

Number of available parks in SDAG: in order to create synergies between Monfalcone Port and SDAG in
case of congestion or expected gestion of the port, it is necessary to know if it is possible to push the truck
traffic toward SDAG

Data of SDAG transit (in and out per hour) an updated information about ther u trangitsin SDAG can
help to forecast of Port traffic and Regional Road traffic.
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5.2.2. Sourceprovider

Each set of data depicted will be collected from a specific source. Sometimes data are available and managec
by portds Aut hor ity stdlehd@derMpadiaipdtingsa® paerain RIXEL aceng as pilot
owners for this modgl In thosecaseswe have full availability to use them inside the project without specific
authorizations. Ot her times dat a a o askathertstaketeoldesisg e d
involved inside port area (such as import/ export
some problems using them inside project (privacy problems).

Planned arrivals and departures of vessel?MIS and PMIS 2ystems are the platforms from which we are

going to download data related to vessels. Currently, these data can be consulted by Monfalcone Port by a
special account to access to the PMIS portal. Within PIXEL these data will be used by web services or using
the data available on Monfalcone Port website.

Planned arrivals and departures of trucks:these data cannot be used as there are not available but can be
forecasted with a prediction from both PMIS and SILI systems (both actual and historicaPMrsasing list
database

Real ti me sit ua fThisaatasmonitoped by SIGlsystgnat e s :
Wheatear situation on port premisesOSMER data can be usitp://www.osmer.fvg.it/mare.php?In=#/
Road traffic situat i orProfidedby pradidtiee algasithrhsor i t yds or der

Historical data related to arrivals and departure of vesselsPMIS or ASPM sailing list database

Number of available parks in SDAG: will be used by aervicethat extract data from Information System
used in SDAG.

Data of SDAG transit (in and out per hour): will be used by aervicethat extract data from Information
System used in SDAG.

5.3. Modelling of the evacuation of slab to the hinterland and
modelling of the modes obrganization of the port passage

5.3.1. Description of the model

The model will help to understand if a different trafhanagement has a positive impact on congestions issues,
citizens risk on the road and environmental impacts. The main result that will be reached is an effective decision
support tool to optimize the 4#@uting of trucks from the Port towards SDAG ohett infrastructures, and so
facilitate the staff working in both entities.

The model mentioned above has been split in two sub models, one related to intermodality way of transport
applied on slabs traffic between ASPM and Aussa Corno industrial digigabther one related to traffic and
parking inside port premises and the possible rerouting to SDAG. We are going to call the first one
Aintermodal ity sub model 6 and the second one dAtra

There are a lot of different data (each kind of détkbe in deep analyse in the following chapters) to consider,
to harmonize, clean and aggregate in order to trigger events.

So, once we gathered all data needed (INPUT DATA) we have to process them (DATA PROCESSING) so to
have a set of clean data (OUTPDATA).

With the aim to keep the model as generic as possible and have the possibility to use it for othangilots
small and medium ports with similar issues, tts@ps are needed:

0 PARAMETERIZATION: each specific condition related to model univefs®ad distances, rail
di st ances, mul ti modal transportation nodes, go
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~

0 DATA AGGREGATION: each specific reality has its own data coming from different sources. In order
to trigger events sometimes we need to agdectem (to reroute a truck from ASPM to SDAG we
need to know at the same time data coming from traffic source, data coming from parking occupancy
sensgpand SO o0oneé)

THRESHOLDS IDENTIFICATION: In order to trigger events, we need to define when the eustit m
be triggered. For instance, we can decide to divert a truck coming to ASPM when parking occupancy
is greater than 90%. So 90% is the threshold beyond which trucks will be diverted.

P
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Managing these 3 steps allows to use a model as a DSS (decision support system) for stakeholders involved,
and at the same time allows to calibrate the model for different situations, different universes (different pilots
different port$.

In terms of emissions quantification, we are going
change due to different transport moalreestlyinastadup he f
period. Steel slabs arrivip at ASPM by shipping with the aim to get to "Aussa Corno" industrial district
(Metinvest Trametal, Technosider are the enterprises involved in this busiitesg)are 2 potential scenarios:

Scenariot fASteel sl abo arri vi nng. Slhbs ardtamdiedby cranese@dput pto r t
trucks.
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Trucks are driven by roadsoim  Monf al cone Port t o 0 A(almostad0 Kihoaway)o 0 i |
passing through a dozen of small and medium villages making growing up congestion traffic jam and potential

accidental crash (social security decrease). Most important is the heavy weight of the cargo strongly damaging
roadinfrastructt e during truckés trip causing very high so

Scenario2 A St eel slabo arriving to Monfalconeds port
cargo train.

Trains are driven by rail from Monfalcone Port to suburban Monfalcone station (by using a train with

di esel engine) and then to AAussa Cornoo industrie
passing through a dozen of small and medium villages, avoiding the growing up congestion, traffic jam and
potental accidental crash (security decrease).

So there is afirst part of the railway track, 10 km long, where a diesel locomotive produce pollutants to deliver
cargofrom ASPM to Monfalcone urban train station, then there is a second part of the railwam, 18d
where an electric | ocomotive deliver cargo from N
di strict producing almost no pollutants or at | ea
the pollutions to creatdné energy needed to deliver cargo, but a lot of unknown variables are involved) with

the amount of pollution produced by diesel locomotive.

The emissions produced by railways arise from combusting the fuel in an internal combustion engine.
Consequently, # principal pollutants are those from diesel engines, i.e. similar to those used in road transport.

These are principally COPM (including BC2) and NQ plus to a lesser extent CO and hydrocarbons, together
with SO and heavy metals originating from tbentent of fuel in sulphur and metals, respectively

So the benefits brought by multimodality approach will be the difference between the amount of pollutants
produced by delivering by trucks and delivering via rail. The second element is calarbteeken into
account the first part of the railway track.

Cantjere
Navale
Fincantieri
Monfalcone

»

In order to evaluatthe modein the best possible manner, the pollution made by trucks in term®,d{0CX,
PM, é emi ssions, we ar letpsg/oviwrennisid.com/utilgies/capartl@ecuntentaiet h o d
to interpolate data from experimental tests).
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Day Emission will be faction of road length (Km), number of trucks involved by day and emission factor (each
kind of vehicle has its own emission factor depending on kind of fuel, weight, model, traffic and so on, but we
are going to use a standardised diesel truck emissimnalén to simplify).
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As one can see from the figure above the more traffic is the lower will be the speed of the trucks. Lower speed
implies higher emissionghis is true not only for trucks involved in the transportation but for all vehicles
involved in that traffic areaAll study related to traffic system shows emission factor is function of speed. In
particularly EMEP/EEA air pollutant emission inventory guidebook 2M8@®, reducing trucks carrying goods

by road reduces pollution directly (we have not trucks on the stpadiuting the area) but even indirectly,
reducing traffic jam and congestion the average speed of the whole vehicles involved on the streets will be
higher and at the same time emissions will be lower.

Due to the weight of a single slab (almost 15 toashg the transport agent is able to load only 1 slab (2 is
maximum but in that case the transportation is not ordinary no more and they must ask for permissions to
authority in order to access to road infrastructure) for a single truck. This businesgsnwot less than 130

trucks per week.

5.3.2. Limitations and assumptions

The model should show ASPM how to use resources in order to cope with traffic congestion, weather, etc. that
can affect the parking occupancy and then the port operations and teagitbemental impact. To be included
in this modelling:

0 Traffic flows;

0 Provision of ships arrival;

0 Road congestion;

0 Data coming from the SILI system (road status, how many trucks passes through the SILI gate (1 in
ASPM, 1 in SDAG, other throughout the eq);

0 Data coming from theideo camerasystem (occupancy sensor).

The model is going to operate inside a predefined universe involving:

0 Port of Monfalcone;
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0 Hinterland hub (SDAG);
O Suburban Monfal conebds train station;
0 Aussa Corno industrial district (skelbise case final destination).

So, every data involved in the model concerns an area about 30 km of ray includisgthen@ntioned above.
Thuswe consi der every parameter needed (traffic | oa
outside the system depending on where the parameters are measured or estimated. Therefore, the only event
considered will be events that happen within the model universe.

5.3.3. How the model works

To estimate the global pollution produced by rdativery we need to know how a single truck pollutes during
the trip from origin (ASPM) to final destinati on

Linear traffic equation: E=N*L*EF

0 E=Emissions per week (in terms of N®Mo, CO);

0 N=number of truckinvolved in the business in a single week;

0 L=Length of the path between origin and destination;

0 EF=Emi ssion factor (it depends on type of vehi

Applying the algorithm into scenario emissions factor will be use gtimated global pollution per week. For
example, considering a diesel truck we have these EF values:

0 NOk= 6.444 mg/ km; CO = 1.101 mg/ kmé

0 Setting the round trip length to & and considering 130 trucks per week we estimate the following
NOx global emission:
0 E=80*130*6.444=67 Kg of Ng(weekly)

Same process could be applied for other kinds of pollutants. All these elements should be very useful in order
to better identify portds emission due to traffic

The model will help to understand itiferent traffic management has a positive impact on congestions issues,
citizens risk on the road and environmental impacts. The main result that will be reached is an effective decision
support tool to optimize the 4@uting of trucks from the Portwards SDAG or other infrastructures, and so
facilitate the staff working in both entities.

The model mentioned above has been split in two sub models, one related to intermodality way of transport
applied on slabs traffic between ASPM and Aussa Cornastridudistrict, the other one related to traffic and
parking inside port premises and the possible rerouting to SBAGtated before, @are going to call the first

one Aintermodal ity sub model 6 and the second one

Intermodality sub model will be able to identify pollutant emissiand in doing so to ease PEI calculation
The emissions related to the different transport mode of the slabs can be considered in the PEI and it is one of
the data mentioned in PIXE Del i verabl e D5. 2 #APEI IDerhs oheamissioosn an

guanti fication, we are going to focus on how emi:
di fferent transport modes. I n istactually in a stérip periodlg the we a
foll owing figure is it possible to see 201806s sl a
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s

In order to evaluate in the best possible manner, the pollution made by trucks in terms of .CO, RO, e
emissions and comparing it with thatoduced by diesel locomotive, we are going to use Copert method to
calculate trucks emissions and Tier 2 EMEP/ EEA er
diesel locomotive emissiofs

Tons of slabs moved during year 2018
25

20

1
0 .

]

o

[6,]

'0’ 0 O \e 0 O 0 O e e e e
o ,‘e‘ob@\ «@‘1 & o %\u%(‘ 0%\\ 3%05‘ <°”°‘ '(&0\0‘ @“‘ ce@“‘
& &
Figure 32 Tons ofslabs moved in Monfalcone port during 2018
5.3.3.1.1. Trucks pollution calculation

Regarding trucks, day emission will be a function of road length (km), number of trucks involved by day and
emission factor (each kind of vehicle has its own emission factor depeswlikigd of fuel, weight, model,

traffic and so on, but we are going to use a standardised diesel truck emission in order to simplify). The same
equation as the one presented in section 5.3.3 is used.

The more the traffic is the lower will be the speetheftrucks. Lower speed implies higher emissions. This is

true not only for trucks involved in the transportation but for all vehicles involved in that traffic area. So,
reducing trucks carrying goods by road reduces pollution directly (there are n® truthke streets polluting

the area) but even indirectly, reducing traffic jam and congestion the average speed of the whole vehicles
involved on the streets will be higher and at the same time emissions will be lower. Due to the weight of a single
slab (dmost 15 tons each) the transport agent is able to load only 1 slab (2 is maximum but in that case the
transportation is not ordinary no more and they must ask for permissions to authority in order to access to road
infrastructure) for a single truck. THasisiness involves not less than 130 trucks per week.

Applying the algorithm into scenario emissions factor will be use the estimated global pollution per week. For
example, considering a diesel truck we have these EF values (see table below):

Table7: Average emissions factor split by type of vehicles and type of road

Specific fuel Precurs.  Tot. acid.

Vehicles Type of oad i p— SO, NO, COV  CH, co Co, N0 NH; PM25 PMI0 PTS | COgq 0 )

gkm | mgkm mgkm mgkm mgkm mgkm  gkm  mgkm mgkm mgkm mgkm mgkm | gkm  mgkm  gkm

Highway 170 34 414 159 2 10% 513 pal 55 B 18 23 | 520 5311 9

heavy vehicles > 3.5t |Extra urban roads |~ 194 39 53 2™, 4 1302 58 23 55 161 21 210 | 593  68% 116

Urban roads 240 46 6966 361 61 1778 720 2 53 06 265 34 | 728 9055 182

2 hitps://www.emisia.com/utilities/copert/documentation/
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Setting the round trip length to 80 Km and considering 130 trucks per week we estimate the follGwing
globalemission:

E=80*130%*6.444=67 Kg of Nox (weekly)

Regardingrains, day Emission will be function of fuel consumpsioand Tier2 emissions factors for line haul
locomotive and number of trains involved by day.

There are several aspects to consider: Tier 2 method ideptiflution for km in an indirect waAll the tables
related to this method show emissions prodymsdckg of fuel consumed, so we need to know fuel consumed
from ASPM to Monfalcone train urban station. European Environment Agency provides a table showing fuel
consumptions for different locomotive type (see it below); so knowing distance and avesa@span figure

out transport time needed from ASPM to Monfalcone train urban station.

Fuel consumption for different locomotive types

Category Fuel consumption Units
Line-haul locomotives 219 kg/h
Shunting locomotives 90.9 kg/h
Railcars 53.6 kg/h

Considering an average speed of the train, from ASPM to Monfalconeitban station, equal to 15 km/h and
knowing distance to cover is equal to 10 km, we find out trains arrive to station in 30 minutes 8,51\
it is possible to apply algorithms using the table below.

Table 3-3 Tier 2 emission factors for shunting locomotives

Tier 2 emission factors

Code Name

NFR Source Category 1.A.3.¢C Railways

Fuel Gas Qil/Diesel

SNAP (if applicable) 080201 |Shuming locs

Technologies/Practices Shunting locomotives

Region or regional conditions NA

Abatement technologies NA

Not estimated S0, Pb, Cd, Hg, As, Cr, Cu, Ni, Se, Zn, PCDD/F, Benzo(a)pyrene, Benzo(b)fluoranthene,
Benzo(k)fluoranthene, Indeno(1,2,3-cd)pyrene

Not applicable Aldrin, Chlordane, Chlordecone, Dieldrin, Endrin, Heptachlor, Heptabromo-biphenyl, Mirex,
Toxaphene, HCH, DDT, PCB, HCB, PCP, SCCP

Pollutant Value Unit 95% confidence interval Reference

Lower Upper

NO, 54.4 kg/tonne 27 85 Halder et al. 2005

cO 10.8 kg/tonne 2 18 Note 1

NMYOC 4.6 kg/tonne 1 -] Note 1

NH, 10 g/tonne 0 0 Note 3

TSP 3.1 kg/tonne 0.75 5 Note 2

PMyg 21 kg/tonne 0.53 4 Halder et al. 2005

PM; 5 2 kg/tonne 0.5 4 Note 2

(") NoO 24 g/tonne 0 0 Note 3

(") CO, 3190 kg/tonne 726 5335 Carbon balance

(") CH, 176 g/tonne 41 297 Note 1
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Letdés apply Tier 2 method to calculate NOx product
Corno Station. Trip distance considered is 20 km (round trip) cause, as written before, we aregntat goi
consider pollutions provided by electromotive.

Taking into consideration the table above we see that diesel locomotive produce 54,4 kg of NOx for each ton
of fuel consumed. But we know as wel |l t hhour (0,891 A s h u |
tons). So, NOx produced by a single train is: 0,091*0,5*2*54,4=2,48 kg.

We also know that each train convoy deliver, plus or minus, 500 tons of slabs when each truck, for an ordinary
road delivery, carry on only 15 tons of slabs. Then we santhat to carry on 500 tons of slabs using
intermodality (train) produced 2,48 kg of NOx in the atmosphere all around hinterland, and especially in port
premi ses. To carry the same amount of sl absgevi a r
emi ssions factor split by type of vehicles and ty
inside highway: 500/15*0,004174*80=11,13 kg.

So even now we are able to compare that simple result telling us trucks method pollurasioft&fOx
emissions, almost five time more than train method for this specific scenario.

In this section different path and modality of transport will be investigated in order to better understand what
the real situation jswhich are the alternatives and where we would like to arfiggng to sum up whahas

beenwritten in the previous pags we coul d make a table with differ
change pollutant emissioiB.h er e ar e sever al di fferent paths to r
from ASPM.

9 Viaroute using trucks (1)

lai Starting from ASPM ad passing through Monfalcone city and other smaller villages (40 km);

1b-St arting from ASPM and wusing highway till f#fASan

9 Viarail using a combination of diesel and electric locomotive (2)

2 - Starting from ASPM, switching t Monf al cone train suburban sta
i ndustrial districto.

There are also different situations in the way slabs are carried on by using only trucks or only train transportation
modeé cenari o fia) | or nothingo

Analysing thisscenario,we are able to understand what we are going to pollute using only trucks for 2 different
paths and what we are going to pollute using only trains. We use 201i8edatsseve already have all those
data, wewill try to guess 2019 trend later on.

2018 Pollutant emissions multimodal transportation model scenariosdabs use casall or nothing

NOx CH4 (6{0) CO2 N20 NHs | PM2.5 | PM10
Year 2018 kg kg kg t kg kg kg kg
Scenario "all or nothing" 10 4
path 1.a 42883,0| 332,1 750.4 | 550.1 1558 | 37,5 | 1284,4| 1662,7
Scenario "all or nothing" 3
path 1.b 32698,2 | 244,8| 8391,0 827 8 150,5 | 38,0 | 1009,7| 13015
Fs);teh”gr'o all or nothing 15647,5| 51,0 | 31295| 9244 | 70 | 29 | 58 | 609
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It is peculiar that some emissions are particularly lower when using the trainsN&» meanwhile some
others are more comparable (N®M). Anyway, trains emissions are lower than trucks as expected.

This is an ideal scenario becausalitg is that 380.000 tons of slabs are carried on via ships, 230.000 tons of
slabs are carried on via trains and the rest (1.50880M00230.000=890.000) are carried on via trudkg. 6 s

al most impossible to calcul aseaef@bsaboneadhbgtshiapsc
are a lot of different ships transporting slabs, and we do not know engine features of each of them and are almost
impossible to collect them. However, the work done in relation with Port Activities Scenarteelaus to

estimate this.

2018 Pollutant emissions multimodal transportation
model scenarios slabs use casall or nothing

50 000,0
45 000,0
40 000,0
35 000,0
30 000,0
25 000,0
20 000,0
15 000,0
10 000,0
5000,0 I
0,0 I Hm —— [R—
kg g kg t kg g kg kg
NOx CH4 CcoO CO2 N20 NH3 PM2.5 PM10

m Scenario "all or nothing" path 1mScenario "all or nothing" path 1.b

Scenario "all or nothing" path 2

The difficulty relates on the fact that the data are managed by third parties that are not partners in PIXEL project.
So,in the followingwe are going to compare only trains and trucks mode of trankptré next table pollutant
emi ssi on s ifty-feil fattyedd swemdri o has been calcul at ed:

2018 Poluttant emissions multimodal transportation model scenarieslabs use casefifty -fifty

NOx CHa4 CO CO2 N20 NHs PM2.5 PM10

Year 2018 kg g kg t kg g kg kg

Scenario "fifty -fifty" path
la
Scenario "fifty -fifty" path
1.b

29265,3| 191,6| 69445 | 2741,7| 81,4 | 1467,6| 932,0 | 11356

24172,8| 147,9| 5760,2 | 2376,1| 78,7 | 1467,9| 794,6 955,0

In this case we have only 2 scenarios because we mixed trains andraock&so we lost only train scenario.
As expectedthese 2 scenarios stay in the middle between the worst scenario (only trucks to deliver slabs to
industrial district) and the bestenario (only trains to deliver slabs to industrial district).

Version 2.0 i 31-OCT-2019 - PIXEL ©- Page64de151



Deliverable No 4.2 PIXEL Models \2.0 ™ BEL

2018 Pollutant emissions multimodal transportation model
scenarios slabs use casdifty -fifty

35 000,0
30 000,0
25 000,0
20 000,0
15 000,0
10 000,0
5000,0

0.0 . I [ ] | - - —— [——

kg g kg t kg g kg kg
NOx CH4 CcoO CO2 N20 NH3 PM2.5 PM10

B Scenario "fifty-fifty" path 1.a  m Scenario "fifty-fifty" path 1.b

Figure35:Pol | ut ant efmi ssyonscémarit g

The following figure compare performances, on pollutant emissions side, compared between all possible
scenars.

2018 - Pollutant emissions multimodal transportation model for each

scenario
50 000,0
45 000,0
40 000,0
35 000,0
30 000,0
25 000,0
20 000,0
15 000,0
10 000,0 I
5000,0 III
0.0 o [ | Il. - el e Em=——
kg 9 kg t kg 9 kg kg
NOXx CH4 co co2 N20 NH3 PM2.5 PM10
m Scenario "all or nothing” path 1.a B Scenario "all or nothing" path 1.b m Scenario "fifty-fifty" path 1.a
Scenario "fifty-fifty" path 1.b | Scenario "all or nothing" path 2
Figure 36: Pollutant emissions for all scenarios
Fixing scenario fal/l or nothingo path 1.a as the

possible to directly see the performance of otBeenarios defined in percentage. In this way it will be very
easy identify what is the percentage of the reduction in pollutant emissions terms using multimodality.
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Table11: Pollutant emissions for each scenario in percentage atgtithe worst scenario

NOx | CHs | CO | COz | N:O | NHs | PM25 | PM10
Year 2018 kg g kg t kg g kg kg
f;e”ario rallfornothing™ path | 15594 | 10096 | 100% | 100% | 100% | 100% | 100% | 100%
f_‘i)e”a”o all or nothing” path 76% | 74% | 78% | 84% | 97% | 101% | 79% | 78%
Scenario"fifty -fifty" path 1.a 68% | 58% | 65% 60% 52% 4% 73% 68%
Scenario "fifty -fifty" path 1.b 56% | 45% | 54% 52% 51% 4% 62% 57%
Scenario "all or nothing" path 2 36% | 15% | 29% 20% 4% 8% 45% 37%

Then we can see, f orf iefxtaynpréegaeetN@pstutattemissaonsiby44% (LO0f t y
56) and much more than this reduces\dllutant emissions by 96% (145).

2018 Pollutant emissions for each scenario in percentage against the worst

scenario

100%

80%

60%

40%

- 0 1HH, 1k | 1l

0% I I - -l
kg 9 kg t kg 9 kg kg
NOXx CH4 CO CO2 N20 NH3 PM2.5 PM10
B Scenario "all or nothing" path 1.a B Scenario "all or nothing" path 1.b m Scenario "fifty-fifty" path 1.a
Scenario "fifty-fifty" path 1.b m Scenario "all or nothing" path 2

Figure 37: 2018- Pollutant emissions for each scenario in percentage against the worst scenario

5.3.3.1.4. Future trends

Tanks to Friuli Venezia Giulia funding, the company involved on trains transport was able to upgrade
|l ocomotors and railway carriages during 2019, itéo
train (instead of 500).

So a large amber of transportation are spared and consequently train transportation become even more
Afenvironmental friendlyo as shown below (consider
trains equal to 750.000 tons).

Tablel2 2019 Pol |l ut afnitf teynd ssd emar id i fty

2019 Poluttant emissions multimodal transportation model scenarioslabs use casefifty -fifty

NOXx CH4 co co2 | N20 | NH3 | PM25 | PM10
Year 2019 kg g kg t kg g kg kg
sgt‘;”i‘r: fifty -fifty 231149 | 1715 | 56896 | 22850 78,6 | 328,66 | 7042 | 8964
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Scenario "fifty -fifty"
path 1.b

Scenario "all or
nothing" path 2

18022,5 | 127,8 4505,4 19194 | 76,0 | 328,9 566,8 715,8

3346,8 10,9 619,8 10,9 15 619,8 124,0 130,2

2019 Pollutant emissions multimodal transportation model scenarsbabs
use casefifty -fifty

25000,0

15 000,0
10 000,0
5000,0
00 | -
kg g kg g kg kg

NOx CH4 CO CO2 N20 NH3 PM2.5 PM10

20 000,0
kg t

m Scenario "fifty-fifty" path 1.a  m Scenario "fifty-fifty" path 1.b m Scenario "all or nothing" path 2

Figure 38: Pollutant emissions for all scenarios

Comparing 2019 figure against 2018 figure it is possible to note as scenario related only to train transportation
mode (dal.l or not hi ng dhispsaalsdasier jo sae okiagvaetime figue betow, pathl | u
2 is almost not visible comparing to other paths.

2019- Pollutant emissions multimodal transportation model for each

scenario
50 000,0
40 000,0
30 000,0
20 000,0
10 000,0
0.0 m Ill _ HE= e —_—
kg g kg t kg g kg kg
NOXx CH4 co co2 N20 NH3 PM2.5 PM10

m Scenario "all or nothing" path 1mScenario "all or nothing" path 1 Scenario "fifty-fifty" path 1.a

Scenario "fifty-fifty" path 1.b  ® Scenario "all or nothing" path 2

Figure 39: Pollutant emissions for all scenarios

The following table shows performances percentage of each scenario agaisstscenario in 2019
transportation trend.
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Table13: 2019 Pollutant emissions for each scenario in percentage against the worst scenario

2019 Pollutant emissions multimodal transportation model scenargdabs use casdifty -fifty

NOx CH4 CO CO2 N20 NH3 PM2.5 | PM10

Year 2019 kg g kg t kg g kg kg

f‘;e”a”o allornothing” path | 5500 | 10006 | 100% | 100% | 100% | 100% | 100% | 100%

f‘t’)e”a”o allornothing” path | 260, | 7406 | 780 | 84% | 97% | 101% | 79% | 78%

Scenario"fifty -fifty" path 1.a 54% 52% | 53% | 50% 50% 1% 55% 54%

Scenario "fifty -fifty" path 1.b 42% 38% 42% 42% 49% 1% 44% 43%

Scenarlo all or nothing" path 8% 3% 6% 0% 1% 2% 10% 8%

So, with new upgrade to locomotors and railway carriages path 2 andifathiffitfyt yd i ncr ea
performances, from an environmental point of view, considerably.

For all possible emissions path 2 pollute |l ess th

fifty) pollute more or less a maximum of 50% ausi worst scenario); this is a great result for the whole
community surrounding ASPM not only in relation to environmental issues, but also considering that using
multimodality with a renew fleet take off from the street more than 2.000 trucks per year.

2019 Pollutant emissions for each scenario in percentage against the worst

scenario
100%
80%
60%
40%
20%
0% | - = _ — O |
kg 9 kg t kg ¢ kg kg
NOXx CH4 co Co2 N20 NH3 PM2.5 PM10

m Scenario "all or nothing" path 1mScenario "all or nothing" path 1 Scenario "fifty-fifty" path 1.a

Scenario "fifty-fifty" path 1.b  ® Scenario "all or nothing" path 2

Figure 40: 2019 Pollutant emissions for each scenario in percentage against the worst scenario

To model congestion inside port area we need to understand how vessels through incoming and out coming
activities irfluence trucks flow inside port area. In a nutshell, how many trucks are needed to move goods carried
by vessels (we need to consider that Port of Monfalcone in mainly used for unloading operations).
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Models will also consider the amount of trucks per lemtering and exiting port, and the parking lot occupancy
provided by smart sensors and smart cameras, which will be installed as an outcome of the PIXEL project.

The proposed model is aimed at forecasting if a congestion will take place insideside the port (also
involving the regional highway near the port, mainly used by trucks to reach and leave the port facility moving
towards lItaly, Austria and Slovenia). Such forecasting is influenced by both endogenous and exogenous factors,
such as:

1 Unloading and loading operations performed on arrived vessels: different operations can impact on the
amount of trucks the port is able to host for interval of time;

T Weather situation;
1 Road congestion;
1 Traffic limitations due talraficAut hor i t yés order

These factors influence port access availability (input and output) and may trigger the diversion of incoming
trucks from ASPM to SDAG in order to avoid congestion and reduce the amount of queued trucks waiting to
access the port.

In order to perform forecasting the model requires different kind of input, provided by:
1 Human operators and their expertise;
1 Information Systems (SILI, PMIS);

1 Sensors.

the models should be able to overlap different kind of data in order to extrapolate theé ahtwaks which
need a free slot on parking area. Data needed are depicted below:

9 Planned arrivals and departures of vessels;

9 Planned arrivals and departure of trucks;

1 Real time parking occupancy;

1 Real time situation on portbdés gates;

1 Externalevents which may impact on port truck rate.
To model how the vesselds | oading and unloading
especially how this flow is related to lot parking demand we need to analyse historical data. In particular
expertise provided by portés operators will all ow

goods carried by the vessels (e.g.: bulk liquids, cars, etc.) can impact on the maximum number of trucks able to

For example vessel A may reduce, according with its volume and goods, the amount of cargo which can be
managed by the port by 15% until unloading operations are complejgon( <= 5 =)

Such information, like theva@rage number of truck which can be loaded inside the port every hour, will be
based on historical data provided by the psro(] 5 ®.c ©

According with the set of unloading activities involving one or more vessels, the model will forecast thg capacit
of the port to accept new trucks for a specific hbuSuch data is critical in order to prevent and incoming
congestion.

l+egmdo =o qm o rm® <Fqpo- T

R RAL L

Exogenous factors can impact-brf ¢m = <] leading to:

dmFulFegucltoeltegsmdo ro «gr-+u rgfaFgm-o
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In order to esmate the amount of trucks coming to the port for a given hour h and prevent congestions, several
inputs will be used by the model:

T Trucks whose arrival is planned in SILI fojim = « g™

1 Average amount of planned trucks recognized by the port gates (in SILI) during previous 6 hours (as a

ratio with respect to expected trucks)o | 4 g+ = = »]¥

+m

1 Average amount of unplanned trucks recognized by the port gates (in Slldy ¢wevious 6 hours
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A queue (and the trigger event of a truck rerouting to SDAG), can be forecasted, for each hour, by analysing

both RealMaxFlow and ExpectedTrucks.
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Planned arrivals and departure of both vessels and trucks give us an idea of near future parking sldhdemand.
the figure below two screenshots of the software to manage traffic sub model data are shown.
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Overlapping data explained above aplying predictive algorithms (tuned by analysing historical data) the
model should be able to simulate trucks flow inside port area and forecast parking slots demand.

Combining this information with real time information about parking occupancy the mdltiéle able to
identify any critical situation eventually triggering diversion of incoming trucks from ASPM to SDAG.

The figure below shows traffic data provided by SILI system.

5.3.4. Requirements for integration of transport model in the PIXEL
architecture

The requirements express in following section are referring to both submodel.

The data requirements concerning the hinterland multimodal transport model are satisfied by the PIXEL
platform by means of both DAL and Information Hub. Imtjzallar, thefollowing dataarerequired in order to
properly feed the proposed model:

1. Data describing vessel arrival and transported goods (in terms of both weight and description of the
specific stuff that will be downloaded at the port), coming from RMIS information system and
available (at least on a daily basis) on the Information Hub by means of a specific DAL agent;

2. Data describing truck arrival (expected and unexpected) coming from the SILI information system and
available (at least on a datbasis) on the Information Hub by means of a specific DAL agent;

3. Historical data provided by both SDAG and Port of Monfalcone concerning average pollution and
energy consumption of each different transportation mode used to move slabs (or more geriBrally stu
from the port to their destination in the hinterland areas;

Data acquired by a set of smart cameras installed inside the roof of the administrative area of the port, pointed
on the parking area truck usually use as a buffer when port entrance iaifaiilawr when a traffic congestion
is happening.
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The model will be written in .NET Core and will not require any particular computational resource. A VM with
standard capabilities (e.g.: 4 GB of RAM, 2 VCPU) will supply the requizgedurces. The software will run
on both Linux and Windows operating system.

The model will be usable in web interface, embedded within the PIXEL visualization framework, and allow to
show to the users (Monfalcone Port, BB and other Regional Stakeholders) how is the situation in real time
and in the next future, based on data collected in the Information Hub. The visualization is based on table and
a rich set of charts, in order to be easily understandable by the users.

According with the incoming traffic (defined in terms of both vessels and truck) and the parking lot availability
measured in real time by the smart cameras, the model is able to predict if a queue will take place and the critical
time slot. Through asetof charts the modeprovides operators of the port with an eagle eye view of the next

24 hours, by providing inside a common dashboard a comprehensive representation of the status of the port
traffic.

For each defined transportation mode, according wghparticular pollutants and energy demands, a
comparison chart is used to make differences clear and easy to understand

When the model predicts that a queue will or may reasonably appear in the next few hours, a set of triggers may
be fired in order to @vent new tuck to reach the port, by suggesting them to wait in SDAG (if parking is
available), in order to both reduce congestion and avoid truck drivers to wait on the streets outside the port for
a long time without any support service. The triggers lvél created within the model, but their visualization

and notification will be managed within PIXEL framework by dashboard and notification module (WP6 with
feedbacks of WP7).

Considering that all PIXEL infrastructure will be hakie the Insiel Dat&Center, the training requirements is
only related to the workingtation in the Port of Monfalcone and in SDAG. Both them must have a personal
computer and internet connection to access to PIXEL and use the operational tools andtiadite .

The model proposed in order to deal with hinterland multimodal transportation could be proficiently transferred
to several other ports for several reasons:

1. Data required by t he entadced) ard corhniompto allpdrts and g@readyt 6 s
stored for both legal and operational reasons;

2. Computation is fast and can describe in almost real time system evolution over time according with
new inputs;

3. Code is open and based on open source standards.
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6. Environmental Pollution Models

6.1. Introduction and scope

Based on the user stories the modelling tools will be applied in order to predict the impact of emissions sources
on the environment. We will address modelling at local or possibly regional scales (up to 100 km in diameter)
but the global behaviour of patiants will not be addressed, and it is beyond the scope of this modelling exercise.
Actually, the needs of the ports are more f@tlen the macroscopic effect to understand to which arédaeof

city the pollutants will be impacteadtherthan onafine understanding of the reactions and interactions between
pollutants. We are well aware that not taking into account the reactive phenomena will distance us from the
reality and this choice constitute a limit of the models set up. Howesieg this apprazh for PIXEL models

will be easier to implement and better meet the needs of ports.

Air pollution is one of the main concerns expressed by ports in the PIXEL project. Indeed, many sources of
emission (often mobile sources) are present in the ports aictl pejeitants including particles matter, oxides
nitrogen, oxides sulphide, monoxide of carbon, etc. Regarding dispersion in the atmosphere and the type of
pollutants, for now it seems that particulate matter (PM) is the most important pollutant thatgurte

address. The second point of interested of ports is relating with noise pollution.

Thus, because PIXEL is usase centric, we will initially focus on setting up models on these two themes.
However, we are well aware that emissions into watesaildre also important and that their modelling could

also help ports reduce their environmental impacts. Nonetheless it is worth noticing that dispersion models of
pollutants in water and soil require input data which are not currently availablesrapdrivhich would require
substantial investment. Moreover, the dispersion models in water and soil can quickly become too complex to
obtain a satisfactory accuracy and would require a time of implementation which would not allow us to treat
properly the E2ments put forward by the ports.

6.2. Available data

Emissions to atmosphere

The datarequiredfor modelling pollution dispersion are mainly meteorological data coupled with data on
emissions from sources inside the port.

1 Emission data which will be obtaideunder PIXEL will be derived from proxy data (eg. energy
consumption) and will thus be less accurate than data obtained from direct measurements.

9 Data which will be obtained from direct measurements include some of the meteorological data such as
wind sped.

Noise emissions
The data needed to noise mapping are:

1 For noise level estimations there are direct measurements available made by the ports.
9 Geographical information:
0 Spot heights and contours
Residential and industrial buildings
Otherobst acles in the study area (e.g. cont ai
Location of noise sources
Location of noise sensitive areas
o0 Identification of surface characteristics of ground
0 Industrial noise sources:

0 Location of every relevant industrial source (cargo handlgantainer handling, cranes,
vehicles, auxiliary equipment) including height.

O O O O
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o0 Working hours of every source considered for day, evening and night period.
o0 Sound power level of each industrial source.

The source provider of all the input data (both proxy and directly measured data) is the port. For other data such
as dispersion coefficient, emission factors, etc. data will be derived frdPothActivity Scenario oliterature.

For certain parametehdstorical data sets exists, such as meteorological data and noise measurements. But for
other parameters such as data on emissions or even proxy data on energy consumption could be lacking.

6.3. Modelling of air pollution

The objective of the air pollutiois to creating a tool for small and medium ports to estimate the air pollution
emitted by a port using validated technologi®ased on existing measurements and port activity data, the model
should simulate the air pollutant dispersion caused by variivitias and operations taking place within the
port. By using historical data, it will simulate the current state of the ambient air in the port and with help of
weather predictions models, it should be able to simulate the possible future air qtuditiprsi These
simulations can assist the port manager/operator in the denisiking process in order to optimize various
activities within the port and minimize their impact on the environment.

An air dispersion modkhg attenpt was usinghe American Meteorological Society (AMS) and the United
States Environmental Protection Agency (EPA) Regulatory MOAMERMOD. It is a steadgtate Gaussian
plume air dispersion model which predicts downwind pollutant contestations basedroa emissions, site
parameters (terrain features, land use, etc.), meteorological fields, building locations and more

Building Digital
Data Terrain Data
Land Cover ] .
Data
L AERSURFACE BPIPPRM AERMAP ) <— Reé‘:izm'
Upper Air
Met Mixing \ .
Data VN
AERMET ¢ AERNOD D> | FT"
> L Data
Hourly
Surface Met 4
Data
Emission
1 Minute _|—> AERMINUTE AERPLOT Sorirce Data
Met ASOS
Data

The AERMOD modelling system includes five geocessors, one nmaidispersion model and one post
processors. The pygrocessors are:

1) AERMET -a meteorological data pmrocessor that that processes commercially available
meteorological data.

2) AERMAP - a terrain data prprocessor that processes custonsibe or commereilly available digital
elevation data.

Version 2.0 i 31-OCT-2019 - PIXEL ©- Page74de151



Deliverable No 4.2 PIXEL Models \2.0 ™ BEL

3) AERSURFACE
4) AERMINUTE
5) BPIPPRM

The main dispersion model is AERMOD and the post processAER®LOT. Figure 44 depicts the relation
between all the different models and minimum data needed for a sucs@ssfidtion run of the AERMOD
Modelling system.

Regarding AERMODO6s i mplementation in the PIXEL pl
AERPLOT models have been used. The other components from the AERMOD Modelling System were
discarded for several reasoNsimely, to make the it more user friendly and because of limited data availability.
Also, the post processing and visualization will most likely be done without the help of the AERPLOT post
processor.All the needed documentation and executables werénebitéor the US Environmental Protection

Agency's website free of charge. A short description of each used model can be found below (U.S ERA, 2019)

AERMET

It is a meteorological dafare-processoisplit in three different stages and each stage hamwitsinput file.
AERMET processes commercially available meteorological data espsétgific meteorological dathoput data
are

1 Upper Air Mixing daté,
1 Hourly surface dafa

AERMAP

This is the terraimre-processoifor AERMOD. It determines the hill helg scale and elevations for each
receptor and pollution source based on the digital terrain ldata dataare:

1 Digital terrain data

1 Receptor andourcedata.

AERMOD

I s the US Environment al Pr ot ect regutatonp maelaling waplgcatignr e f e
AERMOD is used for the determination of shortrange (up to 50 km) impacts from various emission source in
all types of terraininput dateare

1 Emission source information and location

1  AERMAP output file

1 AERMET output file

AERPLOT

Creates contour plots and colavded receptor locations based on the AERMOD output file and visualizes them
in Google Earth Prdnput dataare
1 AERMOD output file

Given that the AERMODModelling System is themost tested and preferred statétheart dispersion
modelling system recommended by the U Environmental Protection Agency it provides reliable results. To get

3 https://www.epa.gov/scram/aguality-dispersioamodelingpreferredand recommendednodels
4 Available at:ftp:/ftp.ncdc.noaa.gov/pub/data/noaa
5 Available at:ftp:/ftp.ncdc.noaa.gov/pub/data/igiar: https:/fuc.noaa.gov/raobs/
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those results a lot of data is needed, and the model usage is not very user flierwlgrcone these obstacles
two different approaches were suggested and discussed, which will be further elaborated in the next section:
Also, ignoring the building downwash effect can have impact on the results reliability.

6.3.2. How the model works
Two different approehes have been discussed for addressing air pollution:

1) Using AERMOD (and the output it provides) for the modelling of air pollution.
2) Using a "metgorogram” inspired by AERMOD but lighter and with the ability to create a similar
output based oohanging values instead of consolidated stestdie inputs.

The MEDRI team had a discussion with the Faculty of Engineering in Rijeka about the best methodology to
achieve the desired results. The metamodel idea was discarded because of several reasons:

1) alarge enough data would be needed to get a reliable output for a meta function (and we already have
problems obtaining the bare minimum of data);

2)the metamodel results wouldndét be as reliable

3) and one of the biggestissuesisthatthdmad woul dndét be generic. For
would be needed.

It was concluded that the bestwiaydot hi s i s to write scripts which es:

pollution modelling software AERMOD. The scrigisrforms agollows:

1 Prepares the needed input data

o The user will be able to manually decide where the source locations are and what type they
are (point, area, line volume, etc.). This way we fulfil the requirement of a generic model.
The other option is that te our ce | ocation is decided |
initialization) and the wuser can fAturn on

0 Themodel should have some fixed parameters to make it mordrigsatly and easier to
execute.
0 The user needw fill in emission data, which depends on the source type (mainly emission
velocity, temperature, if it is a point source stack diameter)
o Possibly uses weather forecasts models for simulating future possible s€enarios
1 Launches the.exe files

1 Then pulls the output fileg\nalyseand visualize them in Google Earth

Tosummarize t he scripts generate input files by #dAafill:@
given bya user. The completed input files then can be used farimgnthe different executablek this

following, the idea and mechanics behind the python scripts are shown. To make it easier to understand and use
these scripts everything will be explaitthrough the example of the port of Thessaldniki

6

" Words of caution. All Emission source parameters were completely made up and serve only to demonstrate how the
scripts workData used for this case are weather data for the year 2018 (WMO ID: 16622), 11 point sources, 13 line source,
1 area source and 1 volume source. Additional two receptor grinds were generated layered one over another, which can be
useful for getting more aoutre results in a critical area.
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It is a meteorological datare-processorsplit in three different stages and each stage has its own input file.
AERMET processes commercially available meteorological data essteific meteorological data. The need
meteorological data are freely availeblr om The Nati onal Centers for Env
Needed input data input datee

il

Hourly surface datd measured somewhere between the ground leveland )in t he ear
surface. Physical parameters measured: temperature, wintiodir@crrent weather, dew point,
visibility, wind speed, cloud layer(s), cloud cover, ceiling height, and precipitation amount.
Surface data are for each hour. To find the data needed trdigi World Meteorological
Organisation (WMO) ID of the neareseather station has to be known (Example: for the Port Of
Thessaloniki the WMO ID is 16622)
Upper Air Mixing data- measured in the vertical layers of the atmosphere. usually measured by
radiosonde soundings twice daily, 00 and 12 h (Greentiiod). To obtain the data there are
more optiois onhow to find if:

5 - digit World Meteorological Organisation (WMO) ID

Country

Latitude and Longitude

As mentioned before the AERMET model processes the data through 3 stages. So, the script prquueaés 3 se
input files which have to be run one after another in specific order (First stagel.inp, followed by stage2.inp and
lastly the stage3.in must be run). The script asks the following input (U.S EPA, AERMET Uset’guide)

=4 =4 -8 -8 _8_8_48_92_2_-4._-92_-4_-2

Enter Title

Enter Upper air mixig data input file name, path and type

Observation period

Stationds |l atitude and | ongitude (where the
Time Offset from Greenwich [h]

Enter Hourly Surface data input file name, path and type

St at i on 6 slongitade (wharedhe haarty durface data was collected )

Station elevation [m]

Wind measured at height [m]

Specify period and sectors (need for the calculation of some boundary layer parameters)
The midday albedo

Daytime Bowen ratio

Surface roughness letgim]

8 Available at: ftp://ftp.ncdc.noaa.gov/pub/data/noaa
9 Available at: ftp://ftp.ncdc.noaa.gov/pub/dataligra or:https://ruc.noaa.gov/raobs/

10

https://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=1&ved=2ahUKEwjnzoCRim#DBWMBHa

LsAZMQF|AAegQIABAC&url=https%3A%2F%2Fwww3.epa.gov%2Fttn%2Fscram%2F7thconf%2Faermod%2Faerme

t_userguide.pdf&usg=A0vVaw3SUn_39ZhkullmJrAAzKpc
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After the user successfully enters all the needed information the script produces the following 3 input files.

Jos

REPORT Al10utputs\THESSAERMET.RP1
MESSAGES  Al10utputs\THESSAERMET.MG1

UPPERAIR

DATA data\thessaloniki2@18AU.txt FSL
EXTRACT  Al10utputs\THESSAERMET.UAX
QAOUT Al10utputs\THESSAERMET.UQA

XDATES 2018/01/01 TO 2018/12/31

LOCATION 99999 40.520N 22.970E -2

SURFACE

DATA data\thessaloniki2@18SF ISHD
EXTRACT  Al1Outputs\THESSAERMET.SAX
QAOUT All0utputs\THESSAERMET.SQA

XDATES 2018/01/01 TO 2018/12/31

LOCATION 99999 40.533N 22.967E -2 7.00

The first stage extracts and quaktysureghe standard hourly surface data and the upper air mixing data.

Jos

REPORT Al10utputs\THESSAERMET.RP2
MESSAGES Al1Outputs\THESSAERMET.MG2

UPPERAIR

QAOUT Al10utputs\THESSAERMET.UQA
SURFACE

QAOUT Al10utputs\THESSAERMET.SQA
MERGE

QUTPUT Al10utputs\THESSAERMET.MRG

XDATES 2018/01/01 TO 2018/12/31

The second stage merges the upper air and surface data into a single file.

Jos

REPORT Al10utputs\THESSAERMET.RP3
MESSAGES All0utputs\THESSAERMET.MG3

METPREP
DATA Al10utputs\THESSAERMET.MRG
MODEL AERMOD

OUTPUT AermodInputs\THESSAERMET.SFC
PROFILE  AermodInputs\THESSAERMET.PFL

XDATES 2018/@1/01 TO 2018/12/31
METHOD REFLEVEL SUBNWS

METHOD WIND_DIR RANDOM

NWS_HGT  WIND 1e

FREQ_SECT ANNUAL 2
SECTOR 1 90 270

SECTOR 2 270 90

SITE_CHAR 1

1 0.2075 1.6250 1.00000
SITE_CHAR 1 2 0.14

00 ©.4500 0.00010

The last stage processes the meteorological data and generates the profile and surface meteorological data file
needed as an input for AERMOBfter the scripts successfully generates the needed input files, the AERMET
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executable can be run vieommand prompt using these three input files. AERMET generated files
THESSAERMET.SFC and THESSAERMET.PFL shown in the figure above are used as inputs for the
AERMOD model.

The secongre-processoused for the air dispersion modelling task is the AERMAP temaiprocessarThis

one is important for connecting the terrain elevation of the studied area with the receptor and sources locations.
This script also generates two help files which willdegomatically inserted in the AERMOD input file. By
running the script, the user is asked the following ifpus EPA, AERMAP User guide):

Enter Title

Enter DomainUTM (Universal Transverse Mercator) coordinates and dimensions
Enter Domain UTM Zone

Soure type

Number of sources of given source type

Source UTM coordinates and dimensions (for all sources types)
Pollutant Emission rate [g/s] (for all sources types)

Stack height [m] (for point and line sources types)

Stack temperature [K] (for poisburce)

Stack velocity [m/s] (for point source)

Stack diameter [m] (for point source)

Line width [m] (for line source)

Number of receptors

EE E IR E R ELE L

After the user successfully enters all the needed information the script produces the following input file which
thencan be used for running the AERMAP executable.

CO STARTING
TITLEONE  THESS
TERRHGTS ~ EXTRACT
DATATYPE  DEM FILLGAPS
DATAFILE  “data//N4@E@22.dem™
ANCHORXY ©.0 ©.2 2.2 0.0 34 3
RUNORNOT  RUN

CO FINISHED

o

=]

SO STARTING

LOCATION STCK1 POINT 661950.000 4500394.000 8.e
LOCATION STCK2 POINT 661961.000 4500390.000 0.9
LOCATION STCK3 POINT 661998.000 4500326.000 0.9
LOCATION STCK4 POINT 662021.000 4500269.000 0.0
LOCATION STCKS POINT 662028.000 4500248.000 0.0
LOCATION STCK6 POINT 662087.000 4500094.000 0.0
LOCATION STCK7 POINT 662098.000 4500065.000 0.0
LOCATION STCK8 POINT 662261.000 4499986.000 8.0
LOCATION STCK9 POINT 662274.000 4500002.000 0.9
LOCATION STCK1@ POINT 662244.000 4500090.000 0.0
LOCATION STCK11 POINT 662183.000 4500252.000 0.0
LOCATION VOL1  VOLUME 661042.730 4500821.780 0.e

LOCATION PAREA1 AREAPOLY 662694.02 4500492.05 0.0

SO FINISHED

=]

R

m

STARTING
GRIDCART UCART1 STA

XYINC 660192.0 21 200.0 4498885.0 21 150.0
GRIDCART UCART1 END
GRIDCART UCART2 STA

XYINC 661595.12 21 40.00 4500261.00 21 35.00
GRIDCART UCART2 END
RE FINISHED

OU STARTING
RECEPTOR  AermodInputs\THESSAERMAP.ROU
SOURCLOC AermodInputs\THESSAERMAP.SOU
OU FINISHED
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The generated files THESSAERMAP.ROU and THESSAERMAP.ROU are used as an input for the AERMOD

model.

This is the main model and all tbetputs generated with the previous scripts are used in the input file needed
for the AERMOD simulation run. As almost everything is prepared before this script asks the user only the
following input (U.S EPA, AERMOD User guide):

1
1
1
1

Needed input

Enter Title

Enter Pollutant's name
Enter base elevation [m]

Which generates the following input file

After a successful AERMOD simulation run. Using the .PLT files the results can be visualised with the help of
AERPLOT and Google Earth Pro:

7o

%
Q0OQIC Og

The figure above shows results from the Port of Thessaloniki example. The remptoingrepresents the
concentration of S@and the red shapes stand for the different saypes
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6.3.3. Requirements forintegration of air pollution model in the PIXEL
architecture

The data needed for a successful model run is already mentioned in the sections above. To summarize, the
needed data can be divided in two sections. One which is available online (weather and surface data) and date
which can be providely the port (port gecific data, source location and other information)

The script for the AERMOD Modelling systemwritten in Python so regarding ththie system requiremein

relatively low. As for the model(s) itself, it was developed within therdsoft Windows operating system and

it is designed to be run using command line arguments. The needed storage space on the hard disk is heavily
depended on the running and output options selected for the run. The main requirements are an Intelr4 processo
or higher, 2 GB of Ram and minimum of3B available hard disk space.

The model will be used via the interface which is encapsulated within the global PIXEL visualisation
framework. Most of the data will be automaticatiyllected which will be done in WP6. As shown in section
6.3.2.4 the results can be visualised with the help of the AERPLOT postprocessor model in Google maps with
contour maps and colour coordinated recept8rsch visualisation is easily understoodthy end user and he

can conclude where the highest contraptions of a certain pollutant are.

If the model concludes higher than normal concentration of a pollutant a set of trigger can be fired in order to
modify or postpone an operation causing the hiéyiellconcentrations. This also will be done within the work
packages 6 and 7.

The model does need minimum training for the users. So, they can understand how it works, which input is
needed and how to interpret the outpomtour maps and files.

The models as it is can be deployed at any port without any problems. The only static parameters are the surface
data and the UTM coordinates. Other data like weather and source informatioegiiin directly by the user
(or automatically collated) in each port

6.4. Modelling of noise dispersion

As stated in the works such @$adziNikolova, 2013, noise pollution represents both a threat to human health

and lowers the quality of life in areas affattey it. In order to reduce the impact of the noise, noise dispersion
models can be used. With the help of those models, it is possible to assess the noise levels in various areas ant
consequently, decide which ones of them are in the most criticai@itulitis important to note that it is not

enough to use only one noise level in that decisions. Various types of areas have different allowed noise levels,
based on its purpose. A general list of zones with their permitted noise emissions is gage 1d, purely
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as orientational values, as those levels might be different, based on the law or even on the special regulations
for the specifi,2019 tnthe follawing,ahe (hddelngabpeoach is detailed using port of
Thessaloniki aan example.

Noise The purpose of the site Maximum permitted noise emissions
zone LRA ¢ dB(A)
day night
1 The zone is intended for rest, recovery &edtment 55 40
2 The zone is intended for housing and residence 55 40
3 Mixed-use zone, predominantly residential 55 45
4 Mixed-use zone, mainly business 65 50
5 Zone for commercial purpose (production, storag 80 80
service, etc.)
Considering the fAimodelling needsod stated bBLl4t he T

noise pollution is one of the significant issues. Most of the opinions stated the need to assess the influence that
the port has on the total pollutidevels in the city. The assessment of noise influences the port has on its
environment can be done using the previously mentioned noise dispersion models (noise maps). Using the noise
maps, the port can evaluate its environmental performance in thataspeatso identify the most critical areas.

It is especially useful in placing noise sensors, as they should be placed in the areas with the highest level of
noise pollution. In addition, if there is an overshoot of the regulated noise levels, the poseddifferent
scenarios when trying to reduce those levels. Testing of those scenarios is enabled with the use of noise maps.

6.4.1. Description of the model

The primary goal of the noise modelling is to have a model that is reliable for use by the portscdmd w
supports most, if not all, of their modelling requirements. Using noise dispersion models, those objectives can
be achieved by calculating noise levels in various points across the port area, or around it, and also by setting a
number of points in wich are the simulated noise levels compared with those regulated by the law.

Calculation of those noise levels depends on the calculation method that is used, whitklépénds on the
calculation methods supported by the software used and the requirerads. Also, not all calculation methods

are intended for the modelling of all noise sources. Based on that criteria, they can be divided into four main
categories:

1 Methods that can be used for the modelling of all noise sources;

1 Methods that can be usedly for the modelling of industrial sources;
1 Methods intended for the modelling of road noise;

1 Methods intended for the modelling of railway noise.

In PIXEL noise dispersion model was done using PrediciorA Software Suite, developed by Briel & Kjeer.
The decision of using this software has been reasoned in Appendix C. Acdordmggdeveloper, the main
uses for the program are the followthg

1 Environmental noise predictidnfor industrial sources, traffic sources (road, rail and air traffic)
andwind turbines

1 Noise mapping

1 Noise management

11

https://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwjo2uXfupzI
AhUaBGMBHCcBUAFUQF|AAegQIBBAC&url=https%3A%2F%2Fwww.softnoise.com%2Fdownload%2FProduct_Dat
aPredictorLimA-V2019.pdf&usg=A0OvVawOvMAGZSQF _Idwo97GVSOy
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwjo2uXfupzlAhUaBGMBHcBUAFUQFjAAegQIBBAC&url=https%3A%2F%2Fwww.softnoise.com%2Fdownload%2FProduct_Data-Predictor-LimA-V2019.pdf&usg=AOvVaw0vMAO-ZSQF_Idwo97GVSOy
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwjo2uXfupzlAhUaBGMBHcBUAFUQFjAAegQIBBAC&url=https%3A%2F%2Fwww.softnoise.com%2Fdownload%2FProduct_Data-Predictor-LimA-V2019.pdf&usg=AOvVaw0vMAO-ZSQF_Idwo97GVSOy
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9 Action planning
1 Impact assessment

The software suite consists of three software combined into one software package:

9 Predictori software intended for environmental noise prediction and noise mapping, which
supports 20 calculation standards. It is considered to be more intuitive than LimA.

9 LimA -itis also intended for use in environmental noise prediction and noise mapping. It supports
more standards than Predictor (30) and is mainly used when calculaticargdsamot supported by
Predictor are required.

9 Acoustic Determinatoi used for the sound power levels determination in accordance with several
different measurement methods

In order to start with the noise mapping, several different data inputegueed. The data inputs were
described during the course of the NoMEPorts pr&jedescribed in more detail in the Appendix B4.3, and
consists of the following required data:

1 Geographical data
1 Data about noise sources
1 Meteorological data

The geographal data should contain:

Spot heights and contours

Residential and industrial buildings (including height dimensions)

Ot her obstacl es, |l i ke containersé6 formati ons,
Locations of noise sources, both industrial and traffic sources

Locations of noise sensitive areas, such as schools or hospitals

Identification of surface characteristics of ground

=A =4 =8 =4 - =9

After the geographical data is obtained, there is a requirement for the data on the noise sources. The noise
sources can be divided in twategories:

9 Industrial noise sources
9 Traffic noise sources

The sources of traffic noise include, but are not limited to:

i Roads

1 Railways

1 Ships (moving)
91 Air traffic

6.4.2. Limitations and assumptions

Several assumptions and/or simplifications must be made before the model can be created. Considering the
noise sources described in the previous subchapter, the railway and road traffic were kept intact, with the average

12

https://www.google.com/url?sa=t&rct=j&qg=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwjUtLaFu5z|
AhV6A2MBHYTUBQYQFjAAegQIABAC&Url=http%3A%2F%2Fec.europa.eu%2Femnment%2Flife%2Fproject%?2
FProjects%2Findex.cfm%3Ffuseaction%3Dhome.showFile%26rep%3Dfile%26fil%3DLIFEOCS _ENV_NL 000018 LAY
MAN.pdf&usg=A0vVawll-jRdNL66xQzJRqSaZMcL
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hourly traffic during the day semy as an input data (although using different calculation models, as will be
described later). However, even in that case, there were several assumptions made:

T Many of the fAroadso are not roads in the cl &
transport trucks drive. The firoadso were posi
1 Also, some roads end on a parking slot and it is always a matter of personal judgement where the
end of the road would be placed. In this case, they were placed approximtte middle of those
parking areas.

As for the other traffic data, there is no air traffic in the port area, while the vessels are included as a part of the
industrial noise (berthed vessels).

There are also some other simplifications introduced. odigh the height data was provided by the port
authorities, the influence of it on the results was very small (most of the port has a height in range of one meter),
so it would be left out when showing noise maps, for sake of clarity of the map and thecdloulation time.

The comparison of the result with and without the height data can be seeif ablbes.

Lnight (dB(A)) LDEN (dB(A))
Receiver | With HP Without HP | Difference | With HP Without HP | Difference

1 53.1 53.1 0 59.5 59.5 0

2 42.1 42.1 0 54.6 55.7 1.1
3 42 41.7 -0.3 56.7 56.6 -0.1
4 40.3 39.5 -0.8 49.6 49.8 0.2
5 43.7 43.7 0 53.7 53.9 0.2
6 45 44.9 -0.1 55.4 55.6 0.2
7 47.3 47.3 0 59.5 59.6 0.1
8 49.2 49.2 0 61.6 61.7 0.1
9 43.8 43.8 0 59 59.2 0.2
10 41.2 41.3 0.1 55.7 57.3 1.6

Some other simplifications were made before, in the data provided by the port. For example, there are several
areas in which various machinergnstantly operatek.would be extremely complicated to model each of them

as a line or a point sourcgo those areas were modelled as area soltoagever, by using the Port Activity
Scenario, it will be possible to have an average estimation of fieoisach machinery.

Most of the other data is used without any simplifications and assumptions, except for a couple of things
concerning the buildings data. The data about height buildings was provided by the ports. There were heights
assumedonlyforfe t anks and prefabricated buil dings, but
The assumption was done by checking images and comparing those buildings with the buildings that have height
values. Considering the buildings, there is alsossraption considering reflection factors for buildings, with

the default values being used.

There is also another issue that should be addressed and that is the technical limitation of the noise modelling
software. The only real technical limitation, reaunting possible hardware problems, is the maximal model
size of the fAiStandardo |icense, already described
ThPA needed only 619 sources, without any attempt to reduce them, and the lird@'¥s stdit would take a

port seven times larger to present possible problems and the need for the optimization of the number of sources.

6.4.3. How the model works

Once the problem to be modelled is set up and the assumptions are described, the actual modelling can proceec
The first step is to choose which calculation method would be used. The most convenient way would be to use

B3 hitps://www.emsbk.com/wpontent/uploads/ProduiataPredictorLimA -BP1602A4.pdf
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some of the calculation standardstteapport both industrial and traffic noise sources. There are two such
standards implemented in the used softwar@éNOSSOSEU and Harmonoise calculation standards. As

Har monoise is described as having fAimanguphs @asasoc
Airecommended only f o rCN@SSQEU wamtestetl fast. model | i ngo

The CNOSSO%U method is based on the Commission Directive (EU) 2015/996 of 19 May 2015. The
directive was a part of the European Union plan to establish common negssrasnt methods. The method

has different formulas implemented based on the type of the source to be calculated, in this case:
general/industrial, railway and road.

General equation for the noise level is the following:

s L

- n
Road noise (per metre), based on the traffic flow, is calculated using the following basic formula

L
T e R Tyl Dm o ||F7D:)DD

For the railway noise, the following formulas are used for the lcasialation if traffic flows are uséd

T
degms e .

Noise indicator ken is calculated with the following formuia

Jﬂ'fﬁ oo I_:) ni7 — 0 wom ¥ — 0 wom 17

However, there are several problems with the method. The first one isdbasihosupport adding data on
weather conditions, such as wind, which were among the requirements of ThPA. The second problem is that
the bug in the program prevents the metonh finishing if there is at least one point source in the combination

with other types of noise sources. This could be avoided by using short line sources in place of the point sources,
but as the method doesnét s udpgudedrthat the otmeemetheltstowdbe | o g
used.

Harmonoise is a calculation method developed for the previously mentioned NoMEPorts project and was
initially used only by the partners on the project. However, in the newer versions of the software, ilyis wide
available. The equivalent sound pressure levels are calculated using the following formula for the sound pressure
level, withn representing a source segment

Taa il Tph W0 ThaE peddvirmlls v«

Using Harmonoise calculation method, relatively accurate results were obtained, and, unlike CNERSSOS
method, it supports calculation of various scenarios based on different wind speeds and/or directions. However,
other issues have arisen. The first ohéghem was extremely long calculation time, that could take up to 20
hours on average personal computers for the creation of the noise maps with a 25 m step grid. Calculation times

1 http://publications.europa.eu/resource/celleafd95¢1fe0-11e5a34201aa75ed71a1.0006.02/DOC 1
15 hitp://publications.europa.eu/resource/cellar/a2af4966-11e5a34201aa75ed71a1.0006.02DC 1
18https://circabc.europa.eu/sd/a/6004382694aedbal3373b46081f059/CNOSSGS
EU%2QIRC%20Reference%20Report V3_22%20September_2011 without%20authors.pdf
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for several points, if only receivers are used, took significantly lessfiba long time for a simple calculation
T around 5 minutes. The other problem was the appearance of wrong calculations in some points.

As none of the calculation methods used for modelling all noise sources was usable, the other approach was
used the noise emissions of roads and railways were calculated using calculation methods specialized for those
types of noise, as well as the two previously described ones, and then imported into an industrial noise

calculation method as line sources. Theoalygrui r e ment was that the Afinal 0
noise one) supports calculation using different wind speeds and directions.

For the final model, ISO 9613.1/2 was chosen, as it supports different wind directions and is based an the ISO
9613-1/2 and the ISO 17532 quality requirements. The formula used by the method is [predictor help]:

=I-Fu.. > dm, O g > [ g >
The next step is to create separate shape files for buildings, noise receivers and sources (one sheaehfile fo
source type). The source types used are described in subsection [6.5.?] and are as follows:

1 Road traffic

Railway

Point source$ for vessels and stationary cranes

Line sourcéd moving crane

Area sources larger areas where many types of machinergstly related with cargo handling) are
used

= =4 —a -8

It is useful to enter the data about noise emissions in this step, so they would be automatically imported each
time a shape file is imported. The data that has to be emterddscribed irthe data requiremésnsectionFor

traffic data, there are different ways of entering the data. In this case, traffic flow was used both for rail and road
traffic.

Model Method
Optimization Ground attenuation
Fetching radius [m] U‘OD‘ (®) General method
Dynamic error margin [dE] U‘OU‘ Ground factoer [ 0.0
Avoid overestimating barrier effect
O Alternative method
Terrain model Barrier attenuation
@) Use ful DTM Dmax According to [SO 9613
(O Use only height lines for shielding Drmax1 / Dmax2 [d6] ‘:20'0 I:ZS'D
[] Mo barrier effect for direct sight
Meteorological correction
Method CO based on wind statistics ~
Km [dB] 0,00
Kg [d8] 0,00
Kg [dB] 0,00
Meteorological correction based on wind statistics
0 30 60 S0 120 150 180 210 240 270 300 330 360
Day 0 0 0 0 0 0 0 0 0 0 0 0
Evening 0 0 0 0 0 1] 1] o o ] o o
Night 0 0 0 0 0 0 0 0 0 0 0 0
Air absorption
Temperature [K] 293,15 Pressure [kPa] 101,33 Air humidity [%] 60,00
Frequency [Hz] 31 63 125 250 500 1000 2000 4000 8000
Air absorption  [dB/km] \ 0,03 | 0,10 0,39| 123 2,7 | 4,80 | 9,25\ 25.43| 87,77
Cancel Help

When all the shape files are created and all of the relevant values are entered, the next step is to run a calculatior
The two options that can be chosen are calculation points and calculation type. Choice of the calculation points
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depends on the problethat needs to be solved, result requirements and the hardware used. If the creation of
the noise map is required, grids should be used. However, if the calculation is done only for a few points (i.e.
to compare with the measurement), it is easier and fastese calculation in the receivers.

Some of the calculation times, based on the calculation points, are given in th6tablgo, when height

points are introduced, it significantly affects the calculation time. Number of calculation points usdd inc

three different scenaridsreceivers only, receivers with grid (step 50m) and receivers with grid (step 25m). The
grids are required when the objective is noise mapping. Receivers are enough to check the values in several
control points. It is easytsee how the number of grid points and the introduction of height point affect the
calculation time.

Calculation points Height points (yes/no) Time

10 (receivers only) No Few secads
2220 (receivers and grid50m) No 21 minutes
8918 (receivers and grid25m) No 85 minutes

10 (receivers only) Yes 1.57 2 minutes
2220 (receivers and grid50m) Yes 3 hours

All of the simulations to assess the calculation time were dotieisame condition®©nce the calculation
settings are done, the calculation can be started. To sum up, the process can be divided into the following steps

1. Choice of the calculation method

2. Importing (and, if needed, creation or modification) of the sfitgsecontaining position and emissions
of noise sources

3. Choice of the calculation points and calculation type

4. Checking the errors in the model

5. Setting the calculation settings (reflections, meteorological data, ground data, etc.)

Noise mappingi example(ThPA)

In the case of ThPA, the data was provided using several approaches. Spot heights, locations of the buildings,
walls and | ocations of most of the sources were p
exception to this were theetghts of the buildings, which were provided using tables and were entered manually

in Predictor. Another exception was the location of some noise sources. While roads, railways and docks
locations were provided via shape files, the positions of statiamanes and area sources had to be entered
manually, using the noise maps provided in [noise_map_measurements_2018.pdf].

Noise sensitive areas are mentioned in the same text (English translation provided by the port specifically for
theuseinthe PIXELprj ect was wused), although their | ocation
model. The surface of the ground is assumed to be asphalt/concrete, so no ground attenuation was used for th
simulation. Also, the locations of the receivers wernerd manually based on the coordinates provided in the

text.
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The locations of all noise sources and buildings can be seen on the Figure 50e&addipoints represent the
sources, while the grey shapes are the structuimsldings and tanks. Black line is not used in the noise
modelling, it represents only the border between the land and the sea. Height points were omitted for the sake
of clarity, because they would cover most of the building and sources in the figure. It should be noted that in
the final model (modelled using 1ISO 9613.1/2 method), as line sources were used instead of specialized lines
for road and railway traffic, the differees between road, railway and industrial line sources could not be seen.

In this case, meteorological data was omitted or, better said, no meteorological correction was added, as the
simulation inthe THPAreport didnot mention any. For the ground datae tasphalt/concrete (no ground
attenuatiopwas used, as it is a material that covers most of the ground in the Port of Thessaloniki.

In order to validate the results, the comparison with some previously done noise level calculations or
measurements had to be done. As the Port of Thessaloniki has provided their yearly report, the model to estimate
the influence of the port on the total noise level was cre@temresults obtained using the model were compared

with those obtained by th@eaompany doing t he simul ation for the po

Also, even if the data used is completely the same, some differences are also expected if different calculation

methods and/or calculation software are used. There is also a possible influemeeoildings that were

omitted in the report, but used in the PIXEL simulation. However, the results were almost the same (or at least

very similar) for all of the receivers and can be seen in Table 18, with absolute and relative differences for each

ofthe receivers. I n the portés report, only Lnight
those two noise levels.

Lnight (dB(A)) LDEN (dB(A))
Receiver [ ThPA PIXEL | Abs. dif. | Rel. dif. | ThPA PIXEL | Abs. dif. | Rel. dif.
1 51.2 53.1 1.9 3.58% | 57.6 59.5 1.9 3.19%
2 39.1 421 3 7.13% | 57.2 55.7 15 -2.69%
3 40.2 417 15 3.6% 55.9 56.6 0.7 1.24%
4 40.3 39.5 -0.8 -2.03% | 50.2 49.8 -0.4 -0.8%
5 42.6 437 1.1 2.52% | 52.9 53.9 1 1.86%
6 44.1 44.9 0.8 1.78% | 54.6 55.6 1 1.8%
7 45.3 473 2 4.23% | 56.9 59.6 2.7 4.53%
8 46.7 49.2 2.5 5.08% | 58.3 61.7 3.4 5.51%
9 43.7 43.8 0.1 0.23% | 59.4 59.2 0.2 -0.34%
10 41.2 41.3 0.1 0.24% | 58.2 57.3 -0.9 -1.57%

While the values are very similar to those obtained by the ThPA partners, comparison with the regulated levels
should still be done. There are two main limits set, according to the THPA report:
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- Loen=70dB (A)
- Lnignt= 60 dB (A)

It is clear from the Table 18 that none of the results obtained by the PIXEL simulation comes close to these
limits, so there is no question of the port activities overshooting those values in normal conditions.

Comparison of the noise mapsoai ned by the portédés contractors (Fi
53) is also provided.
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Figure 51: Noise map from the ThPA yearly report

Figure 52: Noise map as done by PIXEL

Considering all of the above, it can be concluded that the model used is valid for noise modelling of port
activities. Like all models, some assumptions had to be made and some simplifications were introduced.
However, the results were comparable to traateeved by the ThPA (or, more precisely, the company that did
the modelling). The two models were conducted using different noise calculation standards and PIXEL model
featured more buildings than ThPA model, which accounts for few small differencesero§the receivers.
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At the very end, a question of the usefulness of those models arises. As it was stated in the introduction to this
subchapter, those models are very useful in assessing the influence that some noise pollutant (in this case, ThPA
has @ their environment. It is sometimes the only way to assess the noise emissions from only one pollutant,
as measurements often take into account neighbouring pollutants, such as roads, social events, constructior
works etc.

In a scenario where there isuisgression of the regulated noise limits, those models can be used to optimize
the activities, or build physical barriers, to reduce the noise pollution. In the case where there is no violation of
the regulations, as is the case with ThPA, the modelddiheuused to track those emissions and eventual
changes that can occur as a result of increased port activities, including using models as a helping tool in the
decision on the placements of the sensors. Also, in the case that there are planned exjansipost, the

plans can be tested with slight modification to the existing models.

6.4.4. Requirements for integration of noise pollution model in the
PIXEL architecture

In the following section data and system requirements are defined for using PreaidoHowever, due to

the fact that it is a commercial software Predictor Lima will not be directly integrated in the whole technological
PIXEL framework. However, the methodology that have been described is fully replicable and transferable to
small and mdium European ports.

Before proceeding with specific requests for noise modelling, the port should answer the following questions:
1. Which traffic noise sources exist in the port area and the nearby area considered foappisg?

2. What is the exact | ocation of those sources? (
3. What data specific for each traffic noise source is measured and can be provided?

Considering the third question, each of the traffic noise sources has some sjaaifihat is required for its
modelling. The data requirements are directly obtained from the program used for the modelling (Predictor
LimA).

It should be noted that each input data should be given for three periods (the usual time periods are given in
brackets): day (7:009:00), evening (19:6@3:00) and night (23:6@:00).

Road Modelling of the sound power output of road traff

Given as a polynomial line where egabint has its own

height

- height Choice between absolute height, relative height, relg m

to item below or user defined height

- road width Self-explanatory m

- input type (volume input) | Choice between:

- distributioni hourly percentage afehicles for | % per hour
each defined period (need to be done for 24)
Should include estimations for the distributior
of the traffic per category (motorcycles, light
vehicles, light trucks and heavy trucks)

- traffic flow i absolute number of vehicles for
each type pehour (the types are again Absolute
motorcycles, light vehicles, light trucks and | number
heavy trucks)

- emissioni source power per period
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u
PIXEL

Lw/m

Pavement type

It influences the amount of emission vehicle using
road produceSeveral types can be selected

Control device

Device that can impact the speed of the vehicles.
related to the following properties:
- Speed constrainisspecifies the speed that is
used for a vehicle category
- Percentage affectéddpercentage of theaffic
affected by the device

On structure?

Specifies if the road is situated on an elevated structy

Vehicle speeds

The cruising speed for each vehicle type (motorcyd
light vehicles, light trucks and heavy trucks)

km/h

Very similarly, the program has requirements for the railroad noise pollution modelling.

Railway

Modelling of the sound emission of railway traffic. It
done using the shapof a polynomial line where ead
point has its own height.

height

Choice between absolute height, relative height, rels
to item below or user defined height

traffic flow

The following data need to be added:
- support correction,
- track correction,
- type of train
- speed per category,
- average hourly traffic flow per period

km/h
Vehicles/h

speed

Different values need to be entered for passing traing
stopping trains and the speed of trains which apply|
brakes has to be entered as a negative value

fraction stopping trains

Percentage stopping trains of the total number of t
units

(note: this i
flowd section.
train is stopping)

nf ormati on
I n that the

%

At the end, it should be noted that instead of traffic data, the input for both road and railway noise can be given
as average sound levels per length. However, those measurements might also include some noise source!
unrelateda the traffic. For this reason, traffic data is strongly preferred in this case.

The third traffic noise source are moving ships (
option for the model |l i ng ogf stohuer csehdi. pcsa,n bbuet uasne di t e |
Moving source Modelling of the path of mobile sources, like track roulf
It is modelled as a polyline with at least two points.
- height Terrain level of alource points compared to some fix m
O-level
Height of all source points above that terrain level m
- emission Itis frequency dependent andwfeighted. dB (A)
- length of the route Self-explanatory m
segment
- average velocity Selfexplanatory m/s
- working hours Time correction is calculated based in the number of g dB
sources, the velocity a
period)
- flow Used in time correction. Vehicles/time
period
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Since the @emi sneaswearfar everaship, the port dhauld provitdeadata on ship types and their
traffic flow, as well as the routes that those ships usually take.

Similarly,t o traffic noise dat a, there are also noise
category.

The NoMEPorts Project (more details on it are in the Appe@di8) mentions the following industrial noise
sources:

port services and facilities

terminals (cargo handling, warehousing)
industrial areas

machinery and workshop

vesserepair and maintenance

shunting yards

1 vessels when berthed (engine noise)

=A =4 =8 =4 4 =4

Like traffic noise, industrial noise sources also have the three questions related to them. However, unlike the
traffic noise sources, industrial noise sources are far more vaddtiene is no specific model for each of them

in the noise modelling software. All of them need to be modelled using either point sources, line sources or area
sources.

Point sources should be used for:

i cranes
M lift-trucks
M coolers

9 berthed vessels
1 stationary machinery

Line sources are primarily used to model truck and machinery paths outside of the roads modelled with traffic
noise data.

Area sources are used for larger noise sources:

9 shunting yards
9 industrial areas

All three kinds of sources usearfthe modelling of industrial noise share similar characteristics, with the only
real difference being in the units in which the noise level is given. Their requirements are given in table [].

Area source Modelling of the industrial area sources with a speg
sound power per fn
- height Choice between absolute height, relative height, relg m
to item below and user defined
- number of point sources | Distance between sources in X and Y direction, { m
defined
- __emission It is frequency dependent andwleighted dB (A)
- working hours Used to derive a time correction (reduction), can be g| dB or %
in absolute numbers in dB or as a percentage
Line source Modelling of the sound power of industrial line sour
with a specific sound power per m
- height Terrain level of all source points compared to some fif m
O-level
Height of all source points above that terrain level m
- maximumdistance Line is split into a fixed number of point sources, ul m
between sources defined [?]
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- discard reflection Used if the reflection of the closest building (up to 5
shoul dndt be calcul ated

- discard attenuation Used if the attenuation effect dfie building or proces
area underneath the sour

- sound power level It is frequency dependent and-weighted, defined aj dB (A)
either Lw or Lw/m [dB (A)/m ?]

- working hours Used to derive a time correctigreduction), can be give| dB or %

in absolute numbers in dB or as a percentage

Point so

urce Modelling of the sound pressure level emission of vari
sound sources.

- type Choice between finor mal p

by a direction angle and aperture angle, there is 1
emi ssi on out si de t he a
facade/roofo (emission d
and reflection effect is excluded)

- height Terrain level of all source points compared to some fi m
O-level
Height of all source points above that terrain level m

- discard reflection Used if the reflection of the closest building (up to 5
shoul dndt be calcul ated

- discard attenuation Used if the attenuation effect of the building or proc
areaunderneathhe source shoul d

- sound power level It is frequency dependent and-weighted, defined aj dB (A)
either Lw or Lw/m [dB (A)/m ?]

- working hours Used to derive a time correction (reduction), can be g| dB or %

in absolute numbers in dB or apercentage

Additionally, data on some meteorological characteristics should be provided (the time period is planned to be
one month, but it would be very useful to have data for extreme weather situations during the year):

T

)l
)l
)l

Wind speed (by directioand time of day day, evening and night)
Temperature (K)

Pressure (kPa)

Air humidity (%)

For the purposes of the noise mapping in the PIXEL project, Predictor (v12-bid) 8dftware was used. The
configuration used wa8 St an d ar d-0810Gt More ebowi the program can be read in the appendix
B4.4. Model sizes are the followitlg

9 Advancedi no limit for ISO 9613, DAL32 and RMRM2 methods, while the limit is 200,000

sources and 1,000,000 obstacle or terrain edges

9 Plusi the limits are 12,000 sources, 60,000 obstacle edges and 1,000,000 obstacle or terrain edges
9 Standard the limits are 4,000 sources, 20,000 obstacle edges and 1,000,000 obstacle or terrain

edges

Also, the manufacturer recommends the following miniR@lconfiguratiot:
1 Microsoft Windows 10, 6bit operating system (although Windows 7, 8 and 10, botai3@ 64

bit can be used)

9 Intel or Nvidia graphics adaptor
1 8GBRAM
1 At1 GB of free disk space, with additional space reserved for working

17 https://www.emsbk.com/wpontent/uploads/ProduiataPredictorLimA -BP1602A4. pdf

18 hitps://www.emsbk.com/wpontent/uploads/ProduiataPredictorLimA -BP1602A4.pdf
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Appendix AT Data models for PAS

A.1 Vesselcalls datamodel

No. Property Values Notes

1 Identification General Vessel identification value

11 Ship_ID Text As IMO number.

1.2 Arrival_Time Date and time. Estimated or real time.

1.3 Departure_Time Date and time. Estimated or real time.

14 Docking_Area ID of a specific docking area See Area data model.

2 Cargo Cargo related values.

2.1 Cargo_type To coincide with the predefined (§ User should be able to interfere wi
the user) list of cargo. this property if the vessel call dog

not coincide with the predefine
cargo list (and consequently th
predefined supply chain scenarios

In case a scenario for the amount|
cargo does not exist (and the ug
will not create one), a defau
scenario has to be created.

The user should be abledot on the
vessel calls or (preferably) in th
resulting cargo queue as describeg
3.2.3.

2.2 Cargo_Units Select from: This field is for correct mode
-t execution as described in th
machines and area data models.

- cum.
- Containers
2.3 Cargo_Amount Number in Cargo_Units It is assumed that the whole amoy
of cargo will be handled in the por
This will be able to be changed in t
resulting cargo queue manually.
2.4 Cargo_Operation Sel e bet ween |1 Aloaded ship docks and unloa

ct
and fiUbbaadd. / its cargo after its arrival time.

2. An unloaded ship docks and
loaded with cargo before it
departure time.

3. Aloaded ship docks and unloa
its cargo after the arrival tim
and might be loaded with carg
before its @parture time. In tha|
case, two different entries in th
cargo queue to be created.
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A.2 Equipment data model
A.2.1 FixedMachines

No. Property | Values Notes
1 Identification General equipment identification values.
1.1 ID Text This property will be used asnique
identifier of every unit of equipment. Th
users (ports) are able to use their prefel
naming convention.
Examples:
- TrellexFLEXOPIP_1
- Pipeline_huile_42b
- StéréolL507_old
1.2 Machine_Type Text based opredefined typeg The usage of this field is for usq

(based on the ports equipme
survey until the time this repo
had been released):

- Fixed Crane

- Rail Crane

- Mobile Crane

- Fixed Arms

- Berth Connection

- Conveyor Belt

- Pipeline

- Flexible Hoses

- Terminal lighting

- Pneumatic Conveyor

convenience:

1. To categorize different brands of sa
type of machinery.

2. To allow the user to explore th
possibility of usage of different type ¢
machinery.

The wser should be able to modify th
predefined types of machinery although
has been observed that different ports ¢
different names to the same type
machinery. A default list is provided.

- ScrewConveyor

- Hopper
User to be able to insert ne
type.

1.3 Model Text Same as 1.2, this is for user convenier
The field can be left empty withou
consequences to the PAS.

1.4 Owner - Text based orl This is to prevent the models from using
predefined owners i{ @ Supply chain machinery of differe
available. owner.

- ATer mi nal 0] If the user will not set any owners, th
available. default value can

1.5 Terminal - Text based ol Same as 1.4 for usage in different termin
predefined Terminal§ |f the user will not set any owners, tf
if available. default valuecab e fADef aul t

- ADefaulto
available.

1.6 Picture Link to a URL, or upload, ol This field is for user convenience. Users

leave blank. provide the pictures themselves. The fig

can be left empty without consequences
the PAS.

Version 2.0 i 31-OCT-2019 - PIXEL ©- Page99de 151



Deliverable No 4.2 PIXEL Models 2.0

u
PIXEL

2 Specifications General equipmergpecifications values.
2.1 Energy Type Select from (or to add ney Until now, ports are not specifying the exa
type): type of Diesel. Since current emissions
. Electrical (Batter calculated omnliesel fuel E3 (EMEP/EEA &
ec .ca (Batte y)' IPCC), any change on this will affect tf
- Electrical (Mains| models precision.
Connection)
- Diesel
- Gasoline
- LNG
2.2 Power Insert equipment power in kW Since consumption is not readily availal
from ports, models can rely on Power
described in 3.2.2.1.
2.3 Consumption_Units Select from (for fixed| None.
machines):
- Ih
- kwh
2.4 Throughput_Units Select from: This field is for correct model execution.
the user describes a pump to unload cr|
- th . . > . )
oil and this pump is inserted int@cantainer
- Ih supply chain, the error will be easi
- cum./h detectable and the calculations will not ré
- Containers/h on a pump carrying multiple containers
time unit.
Containers/h is being used since for so
equipment (e.g. cranes) TEUs is not use
the norm in ports forcontainer handling
throughput i s fi mo
i mplies fAcontainer
2.5 Usability
25.1 Current_State Select from: This field will allow user to temporarily
. decommission machinery for maintenang
- Available
- Not available This field isnot for user to change ever
time the machinery is being used on anot
supply chain, as the PAS should be ablé
do those assignments by itself.
25.2 Working Hours
2.5.2.1 | Start I nsert t i me o] According to the ports for the machine
operati ng houli surveyed until the moment this report w
written, these values coincide with the sh
- starting and ending houiisi.e. when the
2.5.2.2 | End l nsert ~time o port is operating.
operating hout
253 Weather Limits
2.5.3.1 | Wind Insert value in kph or N/A. This will prevent the model from simulatin
equipment that will not be able to be us
under certain conditions. For examp
2.5.3.2 | Rainfall Insert value in mm/h or N/A. | cranes are limited in their operation wh
wind exceedscertain limits (different for
each crane). For comments on Rainfall 3
2.5.3.3 | Temperature Insert value irs  or N/A. Temperature see 3.2.1.5.
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2.6

Default Operation

The values below are the defau#tlues of
throughput and consumption of tk
machine.

If the user will insert special values for ea|
type of cargo the machine will be used f
those values (2.6.1 and 2.6.2) will
disregarded by the model.

If the user will not insert special values f
one type of cargo the machine will be us
for, the values 2.6.1 and 2.6.2 will be us
by the model only for that type of cargo.

Consequently, if the user will not inse
special values for any type of cargo t
machine will be used for, the values 2.¢
and 2.6.2 will be used by the model for a
type of cargo.

26.1

Default_Consumption

Number in
Unitso

If the consumption of the machinery for
cargo operation is not available, then 1
model can rely on thpower output of the
machine based on assumptions that
analyzed in 3.2.2.1.

In that case the model accuracy will
reduced.

2.6.2

Default_Throughput

Number in
AThroughput Ui
iSame as Suppl

If the throughput of the machine forcargo
operation is not available, the model can
the throughput of the supply chain.

In that case the model accuracy will
reduced.

Operations

In this set of values, the user will be able
insert for every different type of cargo tk
throughput ad the consumption of th
machinery. In that case, the model accur
will be increased.

As noted above, if this kind of data is n
available, the user will not filin any
specific set of values and the model will U
the default values 2.6.1 and 2.6l8.that
case, the model accuracy will be reduce

3.1

Cargo 1

3.1.1

Suitable_Cargo_Type_1

Select from the predefined (b
the user) list of cargo.

None.

3.1.2

Consumption_1

Same as 2.6.1

Same as 2.6.1

3.1.3

Throughput_1

Same as 2.6.2

Same as 2.6.2

3.2

Cargo 2

3.2.1

Suitable_Cargo_Type_2

Select from the predefined (b
the user) list of cargo.

None.

3.2.2

Consumption_2

Same as 2.6.1

Same as 2.6.1

3.2.3

Throughput_2

Same as 2.6.2

Same as 2.6.2
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3.N Cargo N

3.N.1 Suitable_Cargo_Type_N | Select from the predefined (4 None.
the user) list of cargo.

3.N.2 Consumption_N Same as 2.6.1 Same as 2.6.1
3.N.3 Throughput_N Same as 2.6.2 Same as 2.6.2
4 Comments General comments b

of orderorsi nbet &iol
data not yet submi

Comments should be erasable.

4.1 Comment 1
4.1.1 Comment_1 Text None.
41.2 Date_Time_1 Insert automatically date an None.
time
4.2 Comment 2
421 Comment_2 Text None.
42.2 Date_Time_2 Insert automatically date an None.
time
e
4.N Comment N
4.N.1 Comment_N Text None.
4.N.2 Date_Time_N Insert automatically date an None.
time
A.2.2 Mobile Machines
No. Property | Values Notes
1 Identification General equipmerndentification values.
11 ID Text Same as with fixed machines.
1.2 Machine_Type Text based or Same as with fixed machines.
predefined types The predefined values list is different than
(based on the porg that of the fixed machines
equipment  survey '
until the time this
report had Dbeef
released):
- Straddle
Carrier
- Stacker
- Loader
(Low
Capacity)
- Loader
(Medium
Capacity)
- Loader
(High
Capacity)
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User to be able tq
insert new type.

Forklift

Dump
Truck

Tank Truck

Terminal
Tractor

Rail
Mounted
Gantry

Rubber Tire
Gantry

Car

Truck

Bus
Motorcycle
Tractor

13

Model

Text

Same as with fixed machines.

1.4

Owner

Text based
on
predefined
owners if
available.

AiTer mi
if not
available.

Same as with fixed machines.

15

Terminal

Text based
on
predefined
Terminals if
available.

fiDef au
not
available.

Same as with fixed machines.

1.6

Picture

Link to
upload,
blank.

a URL, or
or leaved

Same as with fixed machines.

Specifications

General equipment specifications values.

Energy_Type

Select from (or to ad(
new type):

Electrical
(Battery)

Electrical
(Mains
Connection)

Diesel
Gasoline

LNG

Same as with fixed machines.
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2.2 Power Insert equipmen|{ Same as with fixed machines.
power in kW.
2.3 Consumption_Units Select from (for | Same as with fixed machines.
moving machines). The predefined values list is different than

- lh that of the fixed machines: it has fuel

- kWh consumption per distance also inserted.

- 1/100km

- kmil

- mlg

2.4 Capacity_Units Select from (for| This field is for correct model execution. If th
moving machines): | user describes a tank truck to carry crude oil

Lt this tank truck is inserted into a container sup
chain, the error will be easily detectable and

- calculations will not relyon a truck carrying

- cum. multiple containers per trip.

- Containers | Containers is being used since for so
equipment (e.g. cranes) TEUs is not usdte
norm for the throughput of container handling
ports i s imoves pert
ficont ai ner s rastbelthe sam
throughout all supply chain.

2.5 Usability
25.1 Current_State Select from: Same as with fixed machines.
- Available
- Not
available
25.2 Working Hours
2.5.2.1 | Start l nsert t i | Same as with fixedhachines.
as port operating
hour so
2.5.2.2 | End I nsert ti
as port operating
hourso
253 Weather Limits
2.5.3.1 | Wind Insert value in kph o] Same as with fixed machines.
N/A.
2.5.3.2 | Rainfall Insert value in mm/H
or N/A.
2.5.3.3 | Temperature Insert value ir8  or
N/A.
2.6 Default Operation The values below are the default values

capacity, fully loaded machinery consumpti
and fully loaded machinery consumption.

If the user will insert special values for each ty
of cargo themachine will be used for, thog
values (2.6.1, 2.6.2 and 2.6.3) will |
disregarded by the model.

If the user will not insert special values for o
type of cargo the machine will be used for,
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values 2.6.1, 2.6.2 and 2.6.3 will be used by
model ony for that type of cargo.

Consequently, if the user will not insert speq
values for any type of cargo the machine will
used for, the values 2.6.1, 2.6.2 and 2.6.3 wil
used by the model for any type of cargo.

Since this type of machinery will be aking
round trips (1. loaded for the trip from car
origin to cargo destination and 2. empty for {
trip from cargo destination to cargo origin) t
values for consumption and speed when
equipment will be empty are also requested.

2.6.1 Default_Loaded_Consumption | Number in| If the consumption of the machinery for a caf
i Consumpt | moving operation is not available, then {
Uni t so [ 2| model can rely on the power output of t
on power 0| machine based onassumptions that aedyaed
in 3.2.2.1 operating at 80% of expect
maximum power.
In that case the model accuracy will be redug

2.6.2 Default_Capacity Number in| If the capacity of the equipment for Gargo

i Capaci ty]| movingoperation isnotavailable, the model ¢
[ 2. 4] o r | use the throughput of the supply chain
calculate from In that case the model accuracy will dpeatly
Supply Ch

reduced.

2.6.3 Default_Loaded_Speed Number in kph If the loaded speed of the machine for |
specified cargo opation is not available, th
model can use the maximum speed alloy
inside the port for operations.

In that case the model accuracy will dreatly
reduced.

264 Empty_Consumption Number in| If the consumptio of the machinery for movin

iConsumpt | while being empty is not available, then {
Unit so [ 2| model can rely on the power output of t
on power 0| machinebasedon assumptions that are anal
in 3.2.2.1 operating at 50% of expect
maximum power.
In that case the modatcuracy will be reduced

2.6.2 Empty_Speed Number in kph. If the loaded speed of the machine for {
specified cargo operation is not available,
model can use the maximum speed alloy
inside the port for operations.

In that case the model accuracyl we reduced.

3 Operations In this set of values, the user will be able to ing

for every different type of cargo the capacity, {
consumption and the speed of the machinery
that case, the model accuracy will be increag

As noted above, if thikind of data is not
available, the user will not fiin any specific se
of values and the model will use the defa
values 2.6.1, 2.6.2 and 2.6)8. that case, the
model accuracy will be reduced.
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3.2 Cargo 1
3.2.1 Suitable_Cargo_Type 1 Select from theg None.
predefined (by the
user) list of cargo.
3.2.2 Capacity_1 Same as 2.6.1 Same as 2.6.1
3.2.3 Consumption_1 Same as 2.6.2 Same as 2.6.2
3.24 Speed_1 Same as 2.6.3 Same as 2.6.3
3.3 Cargo 2
3.3.1 Suitable_Cargo_Type 2 Select from theg None.
predefined (by the
user) list of cargo.
3.2.2 Capacity_2 Same as 2.6.1 Same as 2.6.1
3.33 Consumption_2 Same as 2.6.2 Same as 2.6.2
3.34 Speed_2 Same as 2.6.3 Same as 2.6.3
é
3.N Cargo N
3.N.1 | Suitable_Cargo_Type N Select from theg None.
predefined (by the
user) list of cargo.
3.2.2 Capacity_N Same as 2.6.1 Same as 2.6.1
3.N.3 | Consumption_N Same as 2.6.2 Same as 2.6.2
3.N.4 | Speed_N Same as 2.6.3 Same as 2.6.3
4 Comments Generalc o mment s by t he
order since é0 or AD
yet submitted by the
Comments should be erasable.
4.1 Comment 1
4.1.1 Comment_1 Text None.
4.1.2 Date_Time_1 Insert automatically None.
date and time
4.2 Comment 2
4.2.1 Comment_2 Text None.
4.2.2 Date_Time_2 Insert automatically None.
date and time
é
4.N Comment N
4.N.1 Comment_N Text None.
4.N.2 Date_Time_N Insert automatically None.
date and time
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A.3 Areas data model

No. Property \ Values Notes

1 Identification General area identification values.

1.1 ID Text This property will be used amique identifier of
every area. The users (ports) are able to use
preferred naming convention.

Examples:
- Bassens_Liquid_Bulk_Storage 19
- Bassens_Berth_42

1.2 Area_Type Text based on predefing The usage of this field is for user convenience:
types (based on the por : .
areas until the time thi 1. To categorize different areas of same use.
report had been released)| 2. To allow the user to explore the aggregsq

- Docking Area power or emissionsf@ach area.
- Storage Area The user will be able to modify the predefined tyj
of areas. A default list is provided.
- Gate
User to be able to insert ne
type.

1.3 Suitable_Cargo_Type | Select (multiple selection| This field is for correct modedxecution. If the use
from the predefined (by th{ describes a warehouse for cereal, this should n
user) list of cargo. able to be accepted in a container handling su

chain. By making this distinction for an area, {
error will be easily detectable.

2 Consumption Areas Consumption values. Thdan be left blank
without consequences for the correct executior
the PAS.

2.1 In Use Values for when the area is being used in an ag
supply chain.

2.1.1 | Lights_with_Sunlight Units in KWh Example: A warehouse will need lights duri
supplychain execution even during daytime.

2.1.2 | Lights_without_Sunlight Units in KWh None.

2.1.3 | Thermal_Regulation Units in KWh Example: A regulated liquid storage tank.

2.1.4 | Other Units in KWh Example: Reefer storage area.

2.1 Not In Use Values for when the area i®t being used in af
active supply chain.

2.1.1 | Lights_with_Sunlight Units in KWh Example: Offices in a warehouse not currer|
active in a supply chain.

2.1.2 | Lights_without_Sunlight| Units in KWh None.

2.1.3 | Thermal_Regulation Units in KWh Example: The same regulated liquid storage tan
[2.1.3].

2.1.4 | Other Units in KWh Example: The same reefer storage area of [2.1.

3 Comments Gener al comments by t
used since éoavertedto dental sil
onéo, etec.

Comments should be erasable.
3.1 Comment 1
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3.1.1 | Comment_1 Text None.

3.1.2 | Date Time_1 Insert automatically dat( None.
and time

3.2 Comment 2

3.2.1 | Comment_2 Text None.

3.2.2 | Date_Time_2 Insert automatically datg None.
and time

é

3.N Comment N

3.N.1 | Comment_N Text None.

3.N.2 | Date_Time_N Insert automatically dat{ None.

and time

A.4 Restrictions data model

No. | Property | Values Notes
1 Default Default restrictions for all kind of carg
handled.
11 Default_Wind_restriction Insert value in kph o
N/A.
1.2 Default_Rainfall_restriction Insert value in mm/h
or N/A.
1.3 Default_Temperature_restriction Insert value in3  or
N/A.
2 Specific restrictionsr cargo list Default restrictions for each kind g
cargo handled.
2.1 Cargo_Type_1 Select from  the
predefined (by the
user) list of cargo, o
use this list as list o
predefined cargo list.
2.11 Cargo_Units_! Select from: This field is forcorrect model executio
Lt as described in the machines and g
| data models.
- cum.
- Containers
2.1.2 Wind_restriction_1 Same as [1.1]
2.1.3 Rainfall_restriction_1 Same as [1.2]
2.1.4 Temperature_restriction_1 Same as [1.3]
2.2 Cargo_Type_2 Same as [2.1]
2.N.1 | Cargo_Units_2 Same as [2.1.1] Same as [2.1.1]
2.N.2 | Wind_restriction_2 Same as [1.1]
2.N.3 | Rainfall_restriction_2 Same as [1.2]
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2.N.4 | Temperature_restriction_2 Same as [1.3]

é

2.N Cargo_Type N Same as [2.1]

2.N.1 | Cargo_Units_N Same a$2.1.1] Same as [2.1.1]
2.N.2 | Wind_restriction_N Same as [1.1]

2.N.3 | Rainfall_restriction_N Same as [1.2]

2.N.4 | Temperature_restriction_N Same as [1.3]

A.5 Scenario data model

No. | Property | Values Notes

1 Identification General scenarimentification values.

1.1 ID Text This property will be used amique identifier of
every scenario. The users (ports) are able to
their preferred naming convention.

Examples:
- SC_Containers_ RMG_Import
- SC_Containers_RTG_Export
- SC_Cereals_Import
1.2 Cargo_Type Select (multiple| This field is for correct model execution
selection) from thg described in the machines and area data mode
predefined (by the
user) list of cargo.
1.3 Quantity _Units Select from: This field is for correct model execution
.t described in the machines and area datdels.
-
- cum.
- Containers
14 SC_Throughput Numerical value This will be used if the machines do not hg
expressed in separate throughputs assigned in them (|
Quantity_Units perl accuracy model).
hour.
2 Placement The two areas the scenario is taking place.
2.1 Area_Origin Select one from th¢ None.
areas specified in th
areas data model.
2.2 Area_Destination Select one from th¢ None.
areas specified in th
areas data model.

3 Equipment

3.1 Machine 1

3.1.1 Machine_1 Select one from th¢ Machine can be either mobile or fixed.

machines specifie
in the machines dat
model.

Version 2.0 i 31-OCT-2019 - PIXEL ©- Pagel09de 151



Deliverable No 4.2 PIXEL Models \2.0 " PIEL
3.1.2 | Sequence_Next_ Machine_1 |Sel ect ei - Symbw®l| dienotes tha
n=>=o will start any time after machine no. N.
- Symbodd flenotes th
N+1 will start only after machine no. N
has finished
Usage of symbol A wriydf
machine throughput is specified for each mach
of the supply chain.
If the supply chain throughpus hot calculated by
the equipment throughput and it is only estima
in [1.4] (SC_Throughpout), the model accurs
will be low, however calculations should be able
take place under the assumption that all mach
start working simultaneously and fohet same
amount of time.

3.1.3 Route_Length_1 Value in meters. Distance thdoaded mobile machine is coverin
during the operation. The model will automatica
make one calculation for energy consumption (
loaded machine and one calculation for an gm
machine (returning to its origin in order to
loaded with new cargo).

If this value is not null for fixed machines, t
model will disregard it.

3.2 Machine 2

3.2.1 Machine_2 Same as 3.1.1 Same as 3.1.1

3.2.2 Sequence_Next _Machine_2 | Same as 3.1.2 Same as 3.1.2

3.2.3 Route_Length_2 Same as 3.1.3 Same as 3.1.3

é

3.N Machine N

3.2.1 Machine_N Same as 3.1.1 Same as 3.1.1

3.2.2 Sequence_Next_Machine_N | Same as 3.1.2 Same as 3.1.2

3.2.3 Route_Length_N Same as 3.1.3 Same as 3.1.3
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Appendix B - Links with others WP

The goal of this appendix is to introduce the PIXEL models as part of the PIXEL project. Firstly, we link PIXEL
models with WP3 (Requirements and use cases) work and the technical description of the case studies with a
focus on data analysis and modellilige specify the elements resulting from deliverable D3.3 and D3.4 with

a clear focus on modelling and data analysis. Secondly, we describe how PIXEL models will interact with WP5
(Port Environmental Index Development) and how emissions quantificationd beulused in the Port
Environmental Index (PEI). Thirdly, we show how PIXEL models will be integrated in the operational tools.
The objective here is to highlight the needs and constraints of the PIXEL models towards the data management
and overall architgture of PIXEL'¥OperationallTools. Finally, we discuss the link with the implementation and

test of the PIXEL models in WP7 (Pilots trials integration, deployment and evaluation).

B.1 WP3: Technical description of ports activities for
modelling and dataanalysis

B.1.1 Port of Bordeaux

Port process description

In D3.4 (Use cases and scenarios manual), GPMB defined the specific actions of its use case, primarily focused
on energy modelling. Given that the use case is located at Bassens, the adtregsitieemodelling are related
only to ships dealing with good (Bassens do not m
consumptions on a port terminal from expected vessels calls, it is needed to analyse the different processes of
loading/unloading goods. The modelling needs are fully expressed by the energy manager scenario (GPMB
EM-1) describedinD34Trhanks to the knowledge of portds oper
modelling, simulations and predictive algorithmsl be created in order to assess the opportunity to invest in
photovoltaic rooftops and in the improvement of the port electricity network and especially in energy storage.
This energy model will use some data acquired by the statistics manager s@@RaiB-StM-1) (ship call

info). It will be used by the energy manager scenario (GEEWB2) in order to analyse the distribution structure

of electrical energy in Bassens and comdiwéh environmental models it will allow to estimate environmental
impactsdue to the energy use inside the port ecosystem (Environmental manager scenaricEBRMB.

The port agent scenario (GPMBA-1) will be able to interact with GPMEM-1 in order to obtain more

detailed data that can get more accurate results (termiaeedtop can provide specific info about machinery).
Finally, all the results obta@a from the energy model will be used for decisimaking by the port manager
scenario (GPMBPM-1) since the models are oriented to provide some hints for the poteashility on green

energy investment.

Starting with the ideal port, WP4 tedmsleverage all data available to get as close as possible to it, then to
perform the modelling and simulation. In order to cover 100% of loading/unloading cases, five different
logistics schemes have been described (based on GPMB experience in maritime logistics):

0 import/export of containers,

0 imports of handled solid bulks,

0 exports of handled solid bulks,

0 imports / exports of nehandled solid bulks,
0 imports / exports oliquid bulks.

Following the definition of these five types of supply chain, it was decided to focus only on two supply chains
on which the models of energy consumption will be testebvalidated (development in WP4 and test in WP7)
It is corn for expadrand pilled glass for import. This choice was made due to real difficulties to obtain data
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about machine specifications and to deeply describe the supply chain steps. For these two supply chains, we
were able to meet, exchange and validate our modelppgoach directly with the operator of the associated
port terminal. So, the supply chain descriptiare based on real process and not on average assumptions.

It is planned (based on scenarios described in D3.4) that simulation will be plaelitd, at least:

i) energy consumption related to ships operations and involved logistics chain,

i) energy to cover consumption needs of the port (how much green energy the port could provide and
anticipate how much will be needed).

Onre objective of the errgy modelling is to include the following items:

0 lightning,

0 buildings near the area of loading/unloading ships,

0 consumption of different engines of machinery when loading/unloading cargo to/from vessels,
0 reefers consumption,

0 weather and other contextuafarmation.

The consumption planning will be done based on these values. Next, to apply this modelling to other ports or
usecases only the values and pieces of the process should be changed, and the model should automatically
adapt to a particular case.

Modelling needs

The global needs of the GPMB to model and analyse its energy consumption and production are described using
usersod stories approach. The scenarios and user s
modelling needs.

As a port agent/operator, | want to master my energies consumptionso that | cansave money by
optimising these consumptionsl| also want tdouy cheaper green electricityso that | carsave money and
contribute to actions for climate chame To do so, as a ppmanager| wantto estimate if the investment
in solar panels on the rooft ops Iadnddciieevhgbheritotinest wa r
or not.

In order to achieve these global needs modelling and data analysis will be focused on ships operations to predict
energy consumptiorisboth models and predictive algorithms could be used depending on the level of accuracy
of the information in possessiof GPMB for each casieon a port terminal from expected vessels calls and on
energy production using solar energy. We focus on this point because having the ability to predict the energy
consumption due to the arrivals of a specific cargo will help thitpbetter plan its energy use. Another point

to focus is the modelling of the energy productimmughsolar panels. If we want to assess the possibility that

the port can be a green electricity provider a prediction/ simulation of the energy prodagéeity is needed.

This task is addressed in T4.5dds reported in D4.4.

These needs are described with the following user.

Modelling the energy consumption

database including notions of time of call, goods, tonnages, berth, etc, so thatestimdde the average call

As astatistics manager,| want to analysethe structure and periodicity of ships calls from the interngl
time of a targeted goodaking into account the wharf and a potential seasonality.

This is a first step to do baase energy demaridhfoughthe supply chain) directly depends on ships calls. This
analysis will help the port to better understand its activity and then its energy demand. For now, this information
is already available in GPMB database but not yet aedlyBhe loading / unloading rate is not the same for a
similar good on a wharf (for instance grains) especially due to crane or conveyor belt used. Seasonality is also
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important since for a same good, ships are bigger or not depending on harvest seasdnformation in the
database owedby GPMB should allow to identify these parameters

As anenergy manager,| want toevaluate/quantify the energy consumption of each logistic chain model
identified by using measung of the consumption of each elent relating to loading/unloading considerng
technical featureso that | couldletermine the relative share of each energy in the targeted logistic modglel
and identify the potentially interesting elements for renewable energy injectian

This is the secahstep of the modelling part. We want to model the supply chain for different types of cargo
based on machine specifications and activity. We aim to be able to estimate in advance (a day or a week) what
will be the energy consumption due to loading/uniogdioat. This will help the port to better plan its energy

use.

As anenergy manager | want toobtain an average value of energy consumption for each element whpse
actual data would not be availablébased on technical characteristics of the machimésas | could substitute
a missing item by an average value.

In order to take this into account, the energy model will alloweseds to use different type of data: scaled,
screening or comprehensive data. This will allow ports to use their owhwdatso average or similar data for
those they cannot have access or obtain with a good precision.

As anenergy manager | want tolink the results of modelling namely: ships call data analysis and engergy
consumption of the logistics chains, so that | caldtermine the energy consumption of any ship that has
calledin the past and estimate the likely energy consumption of future ships whatever their goods.

This data processing will allow other features such as predicting the energy consumption of a vessel that has
never called at Bordeaux by considering the parameters mentioned earlier as the size of the vessel (in taking a
similar vessel) with tonnage and geod hese extrapolations and analyses will enable GPMB to determine in
advance a reliable range of energy consumption.

As anenergy manager | want toanalyse the distribution structure of electrical energy from sensor
available on the entire terminal, so that | cowdtudy from a data collection platform the consumption
structure of all or part of a targeted areain order to distribute the adequatepodion of electricity accordin
to needs.

Today smart sensors are available at Bassens but they have to be connected to a platform that can gather an
analyse data. The objective is to have a data analysis (based on past data) in order to pmuayythe
consumption of terminal operators.

Modelling of the energy production

As anenergy manager | want topredict/measurethe real conditions of sunshindrom a weather station
located in the port in Basserso that | couleevaluate preciselythe amount of solar energyproduced and
adapt the need of conventional energyl. could alsaaccurately determinethe handling downtime due to r3
or wind type.

n

GPMB aims to know in advance what will be the potential of energy production using solar paiels. T
simulation/prediction tools could be based on data coming for external resources, based on a historical data sets
or based on results on a weather simulation tools or service. In fact, the station is not designed to predict but to
record what happenedThis will be used to analyse the gap between tools like PVGIS
(http://re.jrc.ec.europa.eu/pvg_static/methods hionl similar tools estimations and the real situation. The
energy predition algorithmsare fully addressed in task 4.5 and will be fully reported in deliverable D4.4.

Data available and/or to be collected

In order to predict the energy consumption of cargo supply chain, PIXEL methodology needs to know the
specifications bengine, of cargo of every day of the year, energy production of photovoltaic panel and weather
in the port. This would be the ideal data.
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Data needed Available To be Means of | Freque End-points
collected | transmission ncy
Estimated costs of works on a Yes (need Report Once
warehouse (solar panels, to be
reinforcement of rooftops updated)
structure...)
Market price of kwWh (electricity) X Energy Daily http://www.epexspot.cq
marketplace m/fr/
Expected calls and type of cargg Yes (from 72h/24h prior| Daily https://bordeaux.vigies
o VIGIEsip) existing XML p.eulvigiesip
0 Ffr\k/ Flo:jmf (dfa;e of ftur messages webservice
2ar 35’ daaﬁ Oeroﬁga ure bordeaux/nonauthent/e
gos, 9 xport_demandes
goods é)
Expected calls and type of cargg Yes (from Excel Daily https://bordeaux.vigies
5  Statistics on calls VIGIEsip) spreadsheet Q.eu/V|g|_eS|@
webservice
bordeaux/nonauthent/e
xport_demandes_facty
ation
Expected calls and type of cargg Yes (from Vessels alsq Daily https://bordeaux.vigies
VIGIEsip) with  existing p.eulvigiesip
o XML webservice
I Characteristics of vesse messages bordeaux/nonauthent/r]
(specific data on engine avires_a_quai
must be fetched in
Lloyd's registries (IMO
number is known))
Electricity consumption on port Yes Means to Every 10
premises (every 10 minutes) collectand | minutes
5  Lightnin send them to
ghtning _ be defined
0 Building consumption
0 Reefers consumption
Characteristics of engines being X Report Once
used during cargo handling
Other fuels consumption X Report Yearly
Amount of kWh produced Yes Through Yearly | https://re.jrc.ec.europa
existing eu/pvg_tools/en/tools.
models tmi#PVP
(PVGIS for
example)
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https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/export_demandes_facturation
https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/export_demandes_facturation
https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/export_demandes_facturation
https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/export_demandes_facturation
https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/export_demandes_facturation
https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/export_demandes_facturation
https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/navires_a_quai
https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/navires_a_quai
https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/navires_a_quai
https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/navires_a_quai
https://bordeaux.vigiesip.eu/vigiesip-webservice-bordeaux/nonauthent/navires_a_quai
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP

Deliverable No 4.2 PIXEL Models \2.0 ™ BEL

Weather data Yes (from To be defined| Daily or | https://openweatherma
one more p.org/api/
weather often (to
station) be

defined | https://public.opendata
dependin | oft.com/explore/datase
g on the | /arome0025

station spl_sp2/table/?locatio
character| =6,46.00538,2&basem
istics) ap=jawg.streetshttps:9
2F

Some data alreadsxistsbut they need to be updated or collected and some work need to be done before these
data can be used in modelling or data analysis. For example, electricity consumption measurements must be
precise in terms of representativeness (or measured for eadr asgregated datal.hese works have
presented several pitfalls. As in other work packages, getting real data from ports is a task that involves different
agents, permissions and time. Furthermore, it is not always able to be collected. Additionaltjatsoane still

to be collected in order to correctly integrate the energy model. This will be done during the integration phase
in WP7.

Scope and boundaries of port activities to model

We will focus only on the energy consumption gmdduction that directly depends on the port authority of
GPMB. Currently, energy consumption and productiontp&rties are out of the scope of the modelling and

data analysis exercise since GPMB may not be able to have access to their data duissadegioreover,

there is plenty of actors when loading/unloading ships goods. This clearly presents the scope of primary PIXEL
models to be implemented. However, as for D3.4, there is a user scenario that envisions potential transfer to
other port ages if they provide their own data. This will be properly analysed at later stages of the project
when the deployed models have already been assessed in the pilot trials (in WP7).

B.1.2 Port of Monfalcone/SDAG

Port process description

In D3.3 and in D3.4Ysecase and scenarios manual), the Port of Monfalcone, SDAG and INSIEL defined the
specific actions of their use case.

The activity that should be modelled for the intermodalaase is an easier and effective methodology in order

to be able to find bedr logistic solutions referring to the connection system between Port of Monfalcone and
SDAG (as a parking area and an intermodal terminal). The result of the lack of communication, in terms of both
data and decisiemaking tools, is the difficulty in thee-routing of the trucks towards SDAG or other parking
areas or choosing othereansof transport (for example the railway).

What should be provided by the model, is the management of the road traffic to reduce and/or prevent
congestions in the port aread so reducing also the environmental impact in the surrounding/urban area of
Monfalcone, reducing accident risks and enhancing the management of the parking areas and all other regional
infrastructures. These modelling neade in described in D4.3 the scenario PONGM-1 (that mainly refers

to a congestion detection system), SDR8-2, SDAGPM-2 and SDAGPM-3 (that refer to the information
exchange between SDAG and ASPM and aims at triggering the simulation of the process of parking occupancy
basebn the information (and thresholds) coming fron
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Modelling needs

The modelling needs of ASPM and SDAG are describ
described in D3.4 but in D4.2 there is a partictdaus on the modelling needs.

ASPM

As thegate access managet want to haveautomatic predictions of parking occupancy in the port entry
parking area using the actual parking occupancy, the port gate flows and the vessels scheduling and historical
traffic data on a daily basis with "some" hour range sotthak operators can be notified of congestion of
port access and parking availability / predictions if they overpass certain threshold, as well as [other
stakeholder (municipality, police), in ondéo evaluate proper actions to minimize the issue andcignt
interference.

ASPM plans to implement a system (based on a video camera) that will count the vehicles entering and exiting
the port. Therefore, it will provide a measure of the parking ocaypdespite advanced, the technology is not

still available in ASPM at the conclusion of this document. Furthermore, the video system is capable to monitor
a defined area of the access road to the port and send an alarm if the trucks are stuclaifoparedtof time.

It is planned that the data will be available onlineth® same time, the system, in the case the parking area is
full (or almost) and the automatic predictions of parking occupancy forecast an increment in traffic flows and
parking reeds, truck drivers/operators can be notified of it and linked to SDAG in order to reroute their parking
destination towards the interport or delay their arrival to the port/parking area. The port cannot oblige a truck to
divert its route but only suggeisto stop at SDAG. This information can be shared by PIXEL with SDAG and
allow truck drivers to book a parking slot in SDAG facility.

Another aim in PIXEL project is to evaluate the externalities (such as pollution, road consumption and the risks
relatedto slabs traffic) related to specific good flows (slabs) and how intermodality can lower them.

SDAG

Monfalcone and confirm slot availability so that | can check automatically the availability of parki

As aparking area, | want toreceive automatic alerts of trucks diverted to SDAG from the Port
ng slots
and/or reserve + address trucks to the different parking areas.

Furthermore, | want tohave anticipations or predictions of the traffic and congestionsin the
port/surrounding areas (through a system that put in communication more stakeholders thanks tp SILI
platform) so thatl canestimate the number of truckscoming to SDAS and | canevaluate the use of a%

available resourcesports, inland ports anditaay) to address the traffic towards other multimodal trangport
and support the decision making in addressing the trucks towards Monfalcone or other infrastructure

The objective here is, based on the data provided by other stakeholders, prediat posgiestions and so
route trucks to SDAG by the other roads available or by the railway.

Data available and/or to be collected

In order to detect and predict congestion and fulfil the use case a list of required data is listed below.

Port of Monfalcone

Data needed Available To be collected Means of Frequency
transmissions
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Arrival and Departure time X (from PMIS i
of ships to the port o Port Management
Monfalcone Information

System)

Actual and historical traffig Yes (from SILI system)
data through the port ¢
Monfalcone access gate
N° of free parking lots / Ful| Yes (a video system hg
parking lots to be installed by

ASPM to record thig

data)
Congestion presence on tl Yes (a video systen
road to the port of has to be installe(
Monfalcone access gate by ASPM to record

this data)

Traffic information / X  (from  other
congestions along th stakeholders: i.g
regional road network Autovie Venee)
Truck company contact dat{ Yes (from SILI system)
Traffic statistics Yes (from ASPM)
SDAG
Data needed Available To be collected | Means of | Frequency

transmissions

the type of dangerou
goods transported)

N° of trucks diverted tg X When trucks arg When trucks are
SDAG from Port of leaving the port | diverted
Monfalcone
Arrival and Departure time X When trucks arg When trucks are
of trucks to SDAG From Port  of leaving the port | diverted to
Monfalcone SDAG I are
leaving from
When trucks arg SDAG
entering in
SDAG / leaving
from SDAG:
SDAG Access
control system
Type of trucks diverted t¢ Yes in SDAG X When the truck When trucks are
SDAG (for ex. ADR) . is entering in the diverted to
(when trucks enterin¢ (when trucks are arking area b| SDAG | are
in SDAG there is d diverted to SDAG, gDAGQ - -
. . : entering in
video-surveillance and| we need the SDAG
access control systel information from| SDAG Access
able to read plates ar] the Port of| control system
Kemler codes to dete¢ Monfalcone) video

surveillance

N° of free parking lots / Ful
parking lots

Yes in SDAG
(for  the  concrete
methodology of

connecting our syster|
to the pixel platform to

get the information

SDAG Access
control system a|
the entrance o
the parking area

Real time
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SDAG is consulting the
technology supplier)

N° of free places on the trai X On demand

for trucks diverted to SDAG when the
(from other : .
railway is

stakeholders) identified as the

best solution for
diverting the

truck
Traffic information / X Daily /
congestions along th .
. (from other For particular
regional road network stakeholders: i.g peaks of traffic:
Autovie Venete ang when needed

FVG Strade)

Scope and boundaries of port activities to model

The model will help to understand if a different traffic management has a positive impact on congestions issues,
citizens risk on the road and environmental impacts. The main result that will be reached is an effective decision
support tool to optimize thee-routing of trucks from the Port towards SDAG or other infrastructures, and so
facilitate the staff working in both entities.

The model mentioned above has been split in two sub models, one related to intermodality way of transport
applied on slabs tfic between ASPM and Aussa Corno industrial district, the other one related to traffic and
parking inside port premises and the possible rerouting to SDAG. We are going to call the first one
Aintermodal ity sub model 6 and the second one dAtra

B.1.3 Port of Piraeus
Port process description

The process that will be modelled is the noise and air emissions from the container terminal and passenger
/ cruise terminal activities respectivelndcruisehub PPA
and includes its busiest container port complex. As described in D4.3 PPé&twaestdblish an air quality
improvement plan in order to monitor the pollution emitted within their areas of opemationsThe seenar i
EM-1 give all the infomation about air pollution is addressed in PIXEL context. PPA also want to address the
noise pollution issue. This is described in the scenario-BA in D3.4. In this research effort, the noise
distribution at the port of Piraeus needs to be addresaedodelling the following activities:

0 Coevaluate in combination with the results of LAeq indicator measurements in order to have
adequate data for noise mapping in the residential area.

0 Estimate the noise level impact of the Container Termindgénesidential nearby area.

The following issue are not directly related to modelling, but they may be addressed in parallel.

0 Determination of the main sources that dominate the noise emitted by ships during port condition.
0 Overview of the possibilitie® attenuate the noise sources with technical solutions.

0 Assess the key noise source in the area.

0 Determine the noise levels per activity fluctuation during the period of study.

0 Estimate the influence of the air emissions related with the port actiyitiaise and passenger

terminals) at the city.
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0 Have predictions for the effect at the city (emissions alarm mapping) by the air emissions associated
with the cruise and passenger Terminal.

According to PPA, the pollution models have to be able to get all environmental related information accessing
the PIXEL hub and generate a result, which will be stored as a facility from the Operational Tools. The result
may depend on:

9 space: pollution aoss a geographical area. The result may be represented in a map or GIS,

9 time: pollution throughout one day on a per hour basis. The result may be represented as a bar
chart (each hour). Furthermore, two graphs may be overlapped in order to show one specific
aspect of the pollution vs the total amount.

Modelling needs

~"

As anenvironmental operator, | want to havepredictions for the effect at the city(emission alarm mapping
by theair emissions with the Cruise and passengeso that the port will develop air pollution disseminatjon
models based on evaluation of air qualitgasurement and meteorological data.

Cruise and passengersd6 ships, and the | arge amount
shipping passengers to and from tourist destinations and islands in the area, are one of thélemstipro
pollution sources by members of the PPA community.

As anenvironmental operator, | want to have an accuratetimate the noise level impact of the Containgr
Terminal in the residential nearby areaso that | camestablish a permanent noise monitoringnetwork with
suitable sensors for 24/7 measurements of Lden indicator in the Container Terminal area.

Data available and/or to be collected
The availability of data for the modelling needs are listed in Table 4@msist of three main categories:
1. External data sources:
1. Meteorological data form:

o http://www.meteo.gr/indeen.cfm

o0 https://opendata.ellak.qr/2018/02/06/anichtateorologikededomensstin-ellada/

2. AIS real time vessel traffic monitoring data (sourdegps://www.marinetraffic.con/

3. Public transport datfrom:
0 http://lwww.stasy.gr/index.php?id=1&no_cache=1&l =1

o0 http://www.oasa.gr/?lang=en

2. PPAIT systems:
From the ORAMA ERP and NBEXPRESS PPA system the following data will become available:

0 Input data of containers, cargo and-Ro;

0 Output data of containers, cargo and Ry

0 Cruise arrivals/departures;

0 Cruise planning per date;

0 All domestic passengers per ship and month;

0 All vehicles (except commercials) per ship and month;
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0 Ships arrivals and departures;

3. PPA field measurements:

0 Air quality data:

An Air quality station has been installed and is under full operation in 24/7 mode. The monitoring indicators
are: -C O, B¢ E X SO, RKx and meteorological data. The monitoring program is been
implemented in collaboration with the National Technical University of Athens since 2009. The data
are available in excel form (24/7 per month) archives and in annually evaluation report.

0 Noise data:
LAeq indicator, derived from 2 set of measurements per year in 25 spots around the port.

Port of Piraeus

Data needed Available To be Means of Frequency
collected transmissions

Input data of containers cargo anc N4/EXPRESSJ/

Ro-Ro Yes CARGO_IN.XLS Following month

Output data of containers cargo al Yes N4/EXPRESSJ/

Ro-Ro CARGO_OUT.XLS | Following month

Cruisearrivals/departures Yes ORAMA ERP Following month

Cruise planning per date Yes ORAMA ERP Following year(s)

All domestic passengers per ship | Yes

and month ORAMA ERP Following month

All vehicles (expect commercials) | Yes

per ship and month. ORAMA ERP Following month

Ships arrivals/departures Yes ORAMA ERP Following month

Ships arrivals/departures Yes ORAMA ERP Near real time

excel form (24/7 per
month) archives and
NOx, SG;, CO, O3, PMi, o ¢ A § in annually Semiannual and
Yes Yes evaluation report annual reports

2 set of measurementg
per year in 25 spots

L Aeq indicator Yes Yes Word files around the port.
Real time
https://opendata.ellak.q
r/2018/02/06/anichta
Real time by external meteorologika
Weather data Yes Yes source dedomensstin-ellada/
Real
Real time by external timehttps://www.mari
) i Yes Yes source netraffic.com/
Vessel traffc monitoring
Real time by external
Yes Yes source/open Real time

Public transport data

Some data could be missing due to a lack of the tools. PPAynid fill them through PIXEL:
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O«

Noise levels: there is no permanent network operated. The noise measurements are avssiable in
annuallybase.

Air quality: there is a permanent air quality measurement station that is operated in Passenger Terminal
area. There is need for enhancemkatrtetwork with a station covering the cruise terminal.

O«

Scope and boundaries of port activities to model

The scope of the PPA model is to create a noise model and a pollution model with the establishment of baseline
levels for both models that through tR&XEL Hub and the PIXEL Dashboard will run generic and custom
simulations for noise and pollution parameters.

B.1.4 Port of Thessaloniki

Port process description

As described in D.3.4, THPAi s very clcantsee Duwr itrhge tch dbysiness dctivifies v e vy
have been transferred to the surrounding area of the Port. A number of luxury hotels and new bestress

have been constructed just outside the port area, thus being directly influenced by normal daily port activities.
As consequer they face the problem of dust and noise due to their proximity to the port, although the port is
of fering a great vi ew t o Thathsewhy air qualgytandmeise golluiondire e mp
considered as a top priority by THPA. THPA expacthave an estimation and visualization of the quantity of

the emissions caused, as well as its dispersion in the air according to weather conditions and, if possible, the
contribution of the port to the overall pollution of the city. In that way, ThPi&g®el will be able to make
scientifically based decisions on everyday operations, such as personnel and machinery allocation, reduce
number of operations, etc. The scenario THEMk1 is related with air pollution while ThREM-2 with noise

pollution.

Modelling needs

As environmental manager, | wantto estimate the air pollution impact of bulk cargo operationdo the city
due to specific/bad forecasted weather conditions, for the next day so that nvakeadecisions to decreast
the impact.

1%

Also, due to the unique characteristics of handling bulk cargo, Environmental Operator Personnel need to have
an estimaon of the air and noise pollution impact of operations (truck flows, loading / unloadipgrating
machinery) to the city because of specific/bad forecasted weather conditions,theyttn make decisions

in order to decrease the impact (springlireduce number of operations, etc.). The most prevalent pollutant to
take into consideration is the Riparticles. In order to visualize the quantity and parts of the city that are
affected, a dispersion map is required.

As environmental manager, | want toestimate the air pollution impact of handling cargato the city due td
specific/bad forecasted weather conditions, for the next day so thah&weara clear picture of the quantity
that adds to the pollution of the city

Environmental Operator Personnel need to have an estimation of the air and noise pollution impact of handling
cargo (truck flows, loading / unloadiiigoperating machinery) to the city, due to specific/bad forecasted weather
conditions, on an hourly / dgibasis, so that they have a clear picture of the quantity that adds to the pollution
of the city, as well as the parts of the city that are affected by port operations. In order to visualize the quantity
and parts of the city that are affected, a dispargiap is required.

As environmental manager, | want toestimate the amount of noise from operating machinery for handlin
cargo (loading / unloading) so thatchn have a clear picture of the quantity that adds to the noise of the
city.

(@]
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The outcome(model) should be a combination of all the above. The expected precision in terms of space, is in
meters or kilometres of the distance between the main field of port operations and the city. The expected
precision in terms of time is, if possible, on an plidaily basis.

Data available and/or to be collected
The minimum sets of data we need in order to provide useful answers to the modelling objective, are:

0 Number of trucks entering daily ThPAG&s premi ¢
emissons / noise.

0 Number and type of mechanical equipment to unload/load truck; Dwell time, engine types, fuel
consumption, emissions / noise.

0 Spati al data regarding berthing areas (areas
Sensors.
0 Meteorologcal data; wind (velocity/direction), temperature, rain, relative humidity.
6 PM10 emissions from machinery usage, truck fl8ws
ThPAprovidess pati al data regarding berthing areas (area:
of sensors.
As for meteorological data, ThPA will provide dat

relative humidity (%), wind dirdon and velocity. Meteorological data can also be acquired through public
databases (Municipality of Thessaloniki, etc.) of nearby meteorological stations.

Pollution data on various pollutants (SONO,, CO, PM,, PM.s) will be provided by ThPA from its

met eorol ogical station. Data is gathered 24x7. Al
heavy metals in the air, will be provided. Furthermore, pollution data ap&®M. 5 particles can be collected

when needed, through targetedamerements with a portable sensor. Data can also be acquired through public
databases (Municipality of Thessaloniki, etc.) of nearby stations.

Apart from the aforementioned sets of data, ThPA has at its disposal data concerning sea water quality, collected
every six months with a mobile sampler, from four prefixed points. Moreover, data on electrical consumption
are available, for 9 electric substations (maltage). Not all relevant data, only a subset: consumption in KWh,
cosine, financial data. Data €urel quantities are also available.

Finall vy, no data on pollution or noise deriving f
(ThPA statistics, official classification by IMO), time that remains in the port and horsepower, conatasions
be extracted.

Port of Thessaloniki

Data needed Available | To be | Means of transmissions Frequency
collected
FAL Forms Yes
Entry / exit of trucks (RFID tags)| Yes Stored in relational databas| Realtime.
(MySQL)
Wind direction/speed Yes Sensor inside ThPA, on Reattime

GC#3: stored in relational
database (SQL Server)

Wind direction/speed, Yes Sensor inside ThPA (roofto
temperature, relative humidity of TY building). Export,
(%)

19 hitps://www.softnoise.com/pd/sourcedb.html
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PIXEL

static files in TXT (needs
transformation)

Electricity consumption #1

Yes

Manual data entry (from
monthly electricity bills), for
9 electric substations (mid
voltage). Not all relevant
data, only a doset:
consumption in KWh,
cosine, financial data. Store
in relational database

(MySQL).

Monthly

Spatial data

Yes

.dxf files, .shp files , a
(handcrafted) KMZ
(Googl eEarth
ofi nteresto i
premises (ie location of met
stations)

Pollution data #1: PM10 & PM2,

Yes

From TSI8530 (portable
handheld PM analyzer) use
inside ThPA. Data
downloaded locally in
XLSX format

Pollution data #2: Various
pollutants (SO2, NO2, CO,
PM10, PM2,5) from met station
inside ThPA

Yes

Sert (via SIM card) real
time to web logger
airmonitors.net (web
interface & export, API
option mentioned on
website). Also installed, a
ATECORA echo
sampler, 10mins every hour
data gathered once a montt
heavy metals in air (mean
monthly value)

Gathered?4x7,

Sea water quality

Yes

Every six months
sampling of four
points, mobile
sampler, manual
data entry of
results

Primary weather data from NMS
stations (At hen

Yes. Open data.

https://opendata.€e
lak.qr/2018/02/06
anichta
meteorologika
dedomensstin-
ellada/

Thessaloniki's municipality open
data

Yes. Open data.

https://opendata.t

essaloniki.gr/el/se
arch/type/dataset

Weather data of stations.
Summary per months.

Yes. Open data.

http://meteosearct
.meteo.qgr/data/ke

kyra/201810.txt

Thessaloniki's municipality open
data on meteo

Yes. Open data.
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“m
PI>XEL

Pol l ution
sensors, outside ThPA)

dat a

Yes. Open data.

Static files for download in
CSV, as far back as984.
No gecinformation

http://www.ypeka

.gr/Default.aspx?t
abid=495&langua

ge=elGR

Electricity consumption #2

Yes. Open data.

Option to download locally
in XLS, CSV, PDF. No AP
for automatic

download/import mentioned
on site, though.

To enter with
THPA account.
DEDDIE

( PAppg K)
Greek State grid
owner. Real loT,
sSensors on
electricity meter,
consumption
every
substation), 9
substations.

15

Thessaloniki's city atmoggric
pollution. SQ, PMi, PMys5, NO,
CO, NG, Os8

Yes. Open data.

XlIsx format. Archive from
1989 to 2016. DCAT
compatibility. Also available
in RDF and JSON.

https://opendata.t

essaloniki.gr/el/se
arch/type/dataset

Scope and boundaries of port activities to model

Due
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operations, primarily by truckentering/exiting the port premises and the associated machinery used, as well as
the areas of the city that are affected by it. The scope is to fuse the available information to have an overall

picture on congestion hours and pollution created, so asigvamptimum allocation of the equipment, trucks
personnel ,

and

t h

us

decreasi

the Por
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to6s envi

B.2 Link with WP5: Environmental impacts measurement for
ports activities

According to the Port Emission Toolkit G| o MEE P
various porrelated emissions sources and their activities, translate those activities into energy consumption
levels and then translate energy consumption into emissions. They provide omsigtiivities and related

e mi
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ons of t he
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ous

source

and | APH,

2018.)

categories,

e mi

ron

SSi

wi t hi

In order to set the stage for deploying the Port Environmental Index (PEI) an inventory of emissions will be
built for eat of the ports based on the data they will provided for the Port Activity Scenario (PAS). This would

need the provision afmissions forecasts based on energy consumption forecasisteti@ionwould need
the provision ofports to adapt their operatigiparameters in order to decrease their impact on the environment.

The specific type of emission inventories built will depend on the identification of the significant environmental
aspects by the ports. However, based on the current understandingpobliteen the following emission
inventories will likely have be built for the ports:

¢ O«

O« O¢ O«

emissions to the atmosphere,

emissions to the seawater,
noise emissions,
production of waste,

light emissions.
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Except for light emissions pollution, these itemsideatified in the top 10 environmental priorities of the ports
in 2018 (ESPO environmental Report of 2018). Regarding the specific inputs for PEI, these will be based on
the KPIs which will be identified for each significant environmental aspect.

B.2.1 Indicators
Emissions to the atmosphere

For the emissions to the atmosphere a list of potential eKPls could look like this:

sulphur dioxide (Sg) emissions,

particulate matter (PM) emissions

nitrogen oxides (Ng) emissions,

greenhouse gasses (GH&issions,

emissions of volatile organic compounds (VOC),
carbon monoxide emissions (CO).

O« O¢ O¢ O«

O¢ O«

This list of eKPls will be fully described in WP5 and the associated deliverables.

In ports there can be found both stationary sources (e.g. industrial boilers) and mobile sources (heawy and light
duty vehicles, vessel, etc.). All these sources are mostly point sources and usually are modelled as such in cast
there is a modest numberpafint sources. However, since in ports there are many point sources distributed over
an area, we suggest modelling the emissions in the aggregate, for the whole port. The emissions in the aggregat:
for the whole ports will have to be expressed per unigacaBince the emissions will be expressed in the
aggregate for the whole port a method has to be established to allocate the emissions expressed in the aggrega
to the cargo.

For example, if a port handles 100.000 TEU and 50.000 tonnes of bulk caggeapand it emits 1000 tonnes

of GHGs per year the question is how to allocate the 1.000 t of GHG emissions between TEU and bulk cargo.
This have to be done in order to properly compare ports with eachlatted, regarding PEI all the emissions

will have to be expressed per unit cargdsolute values are not representative since bigger ports will have
higher emissions because they handle more cargo. Therefore, in our opinion the best appropriate approach is tc
express the data per unit cargo.

Emissiors to water

For emissions to the sea water, the first need is to know how much wastewater is emitted to the marine
environment. This inventory can be done by the following listed sources:

0 Port authority (sanitation or rainwater networks),
0 Terminaloperatos (i ndustri al process, shipyard or «cza
0 Ships (ballast, grey and black waters), etc.

But this simple way of census doesndét take care of
the sediment particle resuspensiongte vessels navigation. On this point, GPMB in the Gironde XL 3D
(Laborie, 2013 and 2018, Huybrechpspject work on the implementation of a 3D numerical model able to
reproduce the hydrodynamic, salinity, sediment transport and morphodynamics of dhde@Gsstuary and
integrating weather conditions such as wind and storm surges. The developed numerical models are the subjec
of a complete project (with EU supp®)twith complex numerical methods and requiring important computing
resourcegsupercomputer usephis type of implementation and usage complexity does not seem to be suitable
for the PIXEL project. Therefore, developing a model of dispersion of pollutants in PIXEL context seems
difficult. Moreover, this kind of model required | ot of data that Pl XBekples por
the fact that this kind of dispersion model in water will not be addressed, wastewater emission will be quantified
for PEL.

20 hitps://www.portdufutur.fr/girondel
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For all the effluents listed, these potential KPIs linked to watality can be used:

0 Total water rejection in sea per activities (m3)
0 Suspended matter or turbidity (for each one)
0 Salinity

0 Hydrocarbons concentrations

0 E. coli or fecal coliforms contamination

0 Heavy metal concentrations

0 Dissolved nutrients (C, N and P)

Noise emissions

Noise emission will be based both on thesie measurements and on the estimations of the noise levels based
on the reported port activities. Portable decibel meters exist which are not very expensive, and ports are usually
equippe with those. This means that several noise measurements can be carried out at different time intervals
and different sampling points.

Production of waste

Waste production will be estimated based on the data obtained from the waste collectors asnuhellises i
collected data on separate waste collection. Effort will be made to normalize all data per unit cargo.

B.2.2 Geographical emission inventory

Another important issue is to define the geographical and operational domain of the emission inveattery. T

is a large array of geographical |l ayouts and feat
domain exists. A commonly applied geographical domain is the port administrative boundary and we will thus
use this geographical domamh en esti mati ng emi ssions. Everything

boundary will be considered as an emissions source whereas everything outside the boundary will not be
considered an emission source of the port.

It must be pointed out that whenodelling porcity interaction with respect to translating emissions to impacts

to the surrounding environment or predicting the concentration of a certain pollutant once it enters the
environment, the geographical domain will have to be extended.wviithise done in the second step by
modelling pollution dispersion which will use emission inventories as an input.

Regarding the level of detail ideally, we would have to conduct a comprehensive inventory of emissions for the
four ports involved. Comprehsive emissions inventories are considered the gold standard/best practice since
they are based on detailed emissions estimating methods. Obviously, such an approach is much more complex
than using screening methods but the uncertainty regarding outcomastidower. They are dependent on
significant amounts of data which must be generated by the ports and also the approach limits the use of proxy
data. According to the current knowledge for certain environmental aspects the data resolution is granular
enaugh to allow for a comprehensive assessment to be carried out whereas for other aspects some of the datz
will have to be derived from proxy data or even scaled using data from other ports.

B.2.3 Inputs needed for each sources of emissions

For air and seaater pollution, the following inputs will have to be identified to develop acthéyed
inventories for air and seawater pollution:
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Data on emission sourcesThis is to detail the characteristics of each emissions sources.

(@]

o Air Pollution: Size or rating of the engine, type of fuel, engine technology, equipment
specification, etc.

0 Seawater pollution: Type of effluent (wastewater, industrial process water, rain water

di scharge, treated water dischargeé)
o Noise pollution: Local sati on, type, geographic informat
0 Port activity and operational. We need this data in order to detail activity in terms of hours of
operation, number of calls, etc
0 Data on physicochemical characteristics of effluent and pollutantdlow, density, pollutant
concentration, bacteriological contaminati on,
0 Emissions factors or emission data test fquort activities, what is the estimate quantity of effluent or

pollutants released to the marine environment and/or atmosphere. These dataestimdied or
measured directly (flow meters) before the release to the sea or atmosphere.

B.2.4Pollutant dispersion models and link with the PEI

The environmental impact is strictly speaking not only a function of the environmental performance of a port
but of other parameters as well over which the port does not have any control. An example of which is
atmospheric stability. Thus, when environnaterformance of a port is assessed it must be decoupled from
other factors which are not influenced by the ports. Therefore, the eKPI of interest which will be used are only
the ones that are related t o t hdudedndicawors ofthe gqualify ofo m t
the portds natur al environment .

PEI will use the data on emissions related to different eKPI which will be established once the significant
environmental aspects are properly formalized and identified and will normhaézdata, weigh them and
integrate them into a sing®mposite indicator

Pollutant dispersion models will not be integrated into the PEI but will allow ports to better understand how
pollutants related to their activity impact the City. Indeed, pioltutmodels are more focus on the quality issue
that is not directly addressed by PEI.

B. 3 WP6: Pl XEL model 0s I nt e
Platform

PIXEL can be seen both as a technological and environmental solution; the former dimension is magady cover
by WP6 activities whereas the latter one by WP5 activities. Obviously, there is some sort of overlap between
them and this is the aim in PIXEL: otherwise we may end up with two different systems without giving the
environmental aspect the place it dgssrfor high level decision support systems.

WP4 comes into scene in order to support and provide a grounding level for the previous WPs, as already
depicted in the core document. In this appendix we describe the relationship with WP6 and how both WPs
interact and need each other.

WP6 is responsible for drawing an overall architecture that encompasses all necessary components and,
therefore, WP4 components. Relevant WP6 components are:

0 Data acquisition layer: it provides a means of collecting all heterogengata sources and sending
them to the PIXEL hub

0 Information hub: it represents a communication hub where all data and basic platform services can be
consumed
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0 Dashboard: it mainly represents the User Interface (Ul) with the port operators, with sdioatiooti
and Business Intelligence (Bl) features. As frontend, it may potentially integrate othdevegh
applications.

0 Operational tools: they represent a set of (high level) tools to properly analyse the status of the port
through simulation and aryaiis in order to help port operators making better decision in planning and
management.

The models developed in WP4 can be considered as basic platforms services incorporated inside the PIXEL
framework Such services (models) consume in fact part oflttte available in thinformation Hubas input

and generate process optimization outputs providing added value that can be later consumex leyddigh

tools. The operational tools represent direct consumers of such services; one of the tools Cassistdation

engine in charge of simulating environments with the help of WP4 models. This will be better described in the
following subsections.

B.3.1 Data management

The data needed for the models comes from heterogeneous sources and in vamgtes Asrthe models are
focused on efficient representation of tasks to simulate, it is important to relieve them from extra burden of
processing input data. Therefore, the data acquisition layer, as part of WP6, is in charge of connecting any
potential d#éa source to the PIXEL hub, the entry point for WP4 models and any other service that intends to
consume data. For example, this data acquisition layer will connect PLCs, l0T sensors, virtual sensors to the
hub in a proper way, accomplishing several tasks:

~

0 Authentication: the data source identity must be checked before being accepted in order to avoid data
attacks. The communication with the hub must be secured.

0 Verification: the generated data must be verified to a certain extent in orderdioguiettat obtained
values are coherent before sending them to the PIXEL hub. The data in the hub must be reliable.

0 Filtering and aggregation: all generated data does not need to be processed and sent to the PIXEL hub,
but sometimes a small subset of it. This ggdgcmakes sense when working with loT gateways, which

may aggregate data and send a summary result to the upper layers. The data in the hub must be concis
and norredundant.

0 Sampling: Every data source generates information with a certain periodimitfig@ing the sample
rate for each data source correctly is important and determines network and content traffic.

B.3.2 Data warehouse

For each model developed in WP4 there is a specific list of input data itenasehaailable. Though such
availability may consist of directly accessing the involved sensor, database, etc., it is more convenient to access
all necessary input data thrduthe PIXEL information hub for various reasons:

>

0 Single entry point and discovery: it provides independency from any port implementation as there is no
need for the models to store a list of available data. Note that each port may have different dbta avail
and it is more practical to configure it once in the hub than configuring everything in each model.
Therefore, each model will only have to invoke the discovery service available in the hub in order to
look for the necessary data.

0 Preprocessing featres: Any model (or basic service) may access confidently the required data
available in the hub without the need for performing extra processing. Any relevatgvieiwdata
process should be performed by the data acquisition layer.

6 Common format: the lisof available data items is presented in a common data format and interface, as
well as the data itself from each data source.

Apart from accessing the data through the PIXEL hub, each model may also require its own database for internal
usage as well tprovide results.
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B.3.4 Data manipulation

Every model developed have its own input and output data. At WP4 level, there is a global intent of
homogenizing the way models are described and therefore provide a basic means of inserting data and getting
data.This will allow interoperability among models to some extent.

At WP6 level, one relevant challenge consists in encapsulating models in form of services MaaS (Models as a
Service) in order to facilitate the integration at platform level and provide raoflea interface (e.g. Swagger).
This will allow better adoption in other ports.

B.3.5 PIXEL Dashboard

The PIXEL Dashboard will be the user interface (Ul) of port operators to manage all PIXEL services and
components. As a subcomponent of it, tperational tools will be in charge of making use of the models
generated in WRModels are created according to a type, identified in WP4: energy, transport, pollution and
city. Other models could be potentially addedPIXEL is currently limited to thiscope.

0 Models can have four states: running, finished, stopped and error. Note that models simulate a specific
complex scenario and therefore it may take some time until the results are available.

0 Depending on their status, some actions cgreb®rmed to the models: stop, edit, delete, view results,
etc.

Several interactions between the models and the operational tools have been identified:

~

0 Foreach model type, a Ul template must be defined to create the model, allowing to configure activities
input and output parameters

0 For each model type, a way of visually presenting results should also be defined. Probably each model
will deliveroutput data in a common format (e.g. JSON), but this has to be converted into a graphical
result (e.g. bar chng

B.4 WP7: Implementation and test of PIXEL models

As described in the GA, 0 n groparly theenodels described in WY ea nWP 7
ficonnect to the different data sources in the ports, according to the approach developedinupsevi WRis 0 .
means that the real implementation, test and validation of PIXEL models will be done in WPésogyz!
methodologies introduce in the present documé&hus, in WP7 PIXEL models will be tested and validated as
follow (readerscanfindhor e i nputs about the test and validat.i
Report V10):

1 Energy models combined with the port activity model Wéltested using real inputs daihthe port
of Bordeauxand results will be compared to billssitow to the energy manager of the port to validate
the order of magnitude. Readers should have in mind, that the full methodology to model energy
consumption due to un/loading vessels has been built with a direct collaboration of port operators and
are baed on classical modelling approach.

After test and validation, predictiimgementapor it
optimisation strategy of t he Ou obgedivawil beadqredigtn d ¢ o
the energy demands apdaks, the consumption associated with a port activitys,PIXEL models

will be used to help GPMB to make a decision about the choice to invest or not in energy self
production.

9 Transport models will be tested and validated in ASPM and SDAG badbé expertise of the port
operators and managers. These models have been designed using expert knowledge but must be
parameterised with real value and conditions. The model parameterisation will be done in WP7 and if
some adjustments are needed, theylwi done as part of WP7increhseey wi
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the use of rail and plan coll ateral services t
reduce bottleneck and random congestiono.

9 Air and noise dispersion models will bepdipd in WP7 in THPA and PPAhesemodels are based on
stateof-the-art approach that have been already validated and tested. In WP7 the main objectives will
be to connect these modes with the different data sources in ports in order to provide sgettiic r
These results will be used tjive ports new information about how their activities impact the city and
what aretheir contributions to air and noise pollution of the city.
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Appendix C T State of the art

C.1 State of the arti Environmental management models

An environmental management system (EMS) is a set of processes and practices that enable an organization t
reduce its environmental impacts and increase its operating efficitniy/.a framework that helps an
organization achieve its environmental goals through consistent review, evaluation, and improvement of its
environmental performance (EPA, 2017). Such systems are commonly based on standards such as ISO: 1400:
and EMAS.Theintended outcomes of an environmental management system include (ISO, 2015):

1 enhancement of environmental performance;
9 fulfilment of compliance obligations;
1 and achievement of environmental objectives.

ISO (the International Organization for Standardaatis a worldwide federation of national standards bodies
(ISO member bodies). ISO: 14001 specifies the requirements for an environmental management system that an
organization can use to enhance its environmental performance.

EMAST EcoManagement and dit Scheme (EMAS, 2017) is a premium management instrument developed
by the European Commission as a aippto 1SO: 14001 for companies and other organisations to evaluate,
report, and improve their environmental performance.

Regarding the ports industrthe modern environmental management systems like EcoPorts and Green Marine
and incentive programs like ESPO, ESI etc. are described at chapter 4 of Peligkrable No 3.1i
Stakeholders and market analysis report

An environmental management model aitnsnodel the environmental management of an organization by
allowing the calculation of the environmental impacts of its operations. Such a model can be a part of an EMS.

The port operations may i nc Mandatof Bebt&aaflemént Pvaatices fpr a s
Port Operations and Model Environmental Management Sgsteth Fi sher , et al ., 2015)

Dry bulk storage & handling.

Liguid bulk storage & transfer (loading/unloading).

Non-bulk chemical storage & handling.

Port cargo handlingquipment & rail/truck operations powered by diesel engines.
Vehicle & equipment fuelling.

Port authority oversight of tenant activities through lease agreements.

Management of hazardous and A@rardous waste generated by port/tenant activities.
Generabperations that can impact neighbouring areas: noise, light, odour, trash, dust.
Building & grounds maintenance.

=A =4 =4 =4 -4 4 4 -4 -9

Note that cargoes may include coal, asphalt, salt, cement, grain, steel, machinery, passenger/auto ferry service
etc.Port Activities can beidided into two basic categories as shown by (Paipais, 1999):

1 Development Activitiesi May be on land and at the lamdhter interface and concern
construction works with the associated transfer stations for construction material and possibly
demolition woks a debris.
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9 Operational Activitie§ They occur both at the langater interface and eland.

Although PIXEL concerns mainly the Operation Activities, the development activities are also considered
briefly here for the completeness of the presentation.

Potential Impacted Medium

Port Development| Surface Groundwater | Aquatic Air quality | Humans (health
Activities water quality Habitats & interests)

quality
Dredging + + + + +
Unconfined opefwater | + +
disposal
Disposal on land + + + + +
Land reclamation + + +
Construction of watersid( + + + +
structures
Establishing of new + + + + +
buildings/structures on land

Potential Impacted Medium

ggt?\:if;l;[/ional Port Water | Air Sediment | Soil Habitats iI;|]ijé’rrﬁlsrjé)(health &
1. Cargo Handling an

storage

Dry bulk - organic + + + + + +

Dry bulk- ores andninerals| + + + + + +

Liguid bulk - organic + + + + +

Liquid bulk - minerals + + + + +

Timber + + +

Refrigerated goods + +

Fish landing and processin + + +

2. Workshop and vyar
activities

Vehicle and equipment
maintenance (including + + + +
painting and stripping)

Vehicle and equipmen

washing * *

Handling and storage (¢ + + + +
chemicals (notbulk)

3. Ship breaking + + + +
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4. Vessel and equipme

repair and maintenance + +

(including stripping ang

painting)

5. Fuelling and bunkerin

(onland & at landwater| + +

interface)

6. Building and open are +

maintenance

7. Vehicles storage an +

transport in car terminals

8. Ship and shore solif + + + +
waste collection

9. Public access/areas a

recreation in harbour wate| + + +

and shore

10. Shipping

Ship movement + +
Ship discharge - ballast + + +

water

Ship discharge sewage + + +
Ship discharge bilge water| + + +
11. Transhipment

Containers +
Ro-Ro +
Passenger/Ferry +
12. Maintenance dredgin + + + + +
and disposal

As it can be seeninthe abovetablear i ety of mediums is i mpacted by t
of PI XEL, the portsé operations as regarded as sm

According to (Krajewski, et al., 2013), one key supply chain sustainability challenge is Environmental
resnsibility (the other two being Financial and Social responsibility). Environmental responsibility can be
achieved througlReverse Logistic&he process of planning, implementing and controlling the efficient and
costeffective flow of products, materiaind information from the point of consumption back to the point of
origin for returns, repair, remanufactured or recycling) Efitiencyof the operations. Indeed, supply chains
involve the flow of goods from their origination to their destination. Adhsthey consume energy which not

only is expensive from a business perspective, but it can also have negative effects on the environment as seer
from the above tables.

Current research on supply chains energy efficiency is mostly focused on transpeftatiemcy (Salesman

Problem). Although the transportation model of PIXEL aims to increase the efficiency of this kind of operations
(by evaluating and reducing patr i ent ed traffic and its subsequent
operationsare taking place in a limited space and different means of efficiency optimization is required. Such
efficiency optimization will reduce the energy consumption of the ports. According to McKinsey (Chu, et al.,
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