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1 ABSTRACT

The “Fit for 55 package” with the goal of reducingt greenhouse gas emissions by at least 55 pdrgent
2030 compared to 1990, requires a restructurintpe@fenergy systems in the ports in order to suppiys
with energy with as few emissions as possible. Vineial intelligent port takes a holistic approatth
optimize the entire energy system of a port basedigitalization, data analysis, and artificialgligence
(Al). The optimization aims to maximize energy getion from renewable sources, minimize energy
consumption, and keep investment and operatingsctst a minimum through intelligent energy
management. The digital twin of the port is creatgtth the involvement of all participants relevdat the
generation and consumption of energy. It is a vadividual system for each port and can be further
developed with future developments of the port. dlggtal twin is the basis for optimization and shfor
intelligent investment decisions and efficient gyemanagement.
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2 THE CHALLENGES OF ENERGY SUPPLY IN PORTS

The optimal energy supply in the ports representgegy complex task due to the very individual
requirements and boundary conditions. It has becamwmesiderably more complicated due to the
requirements imposed by climate targets and thieagjloolitical energy situation. The climate targetsl the
associated political requirements call for the mization of emissions. This in turn requires a @ec
analysis of the energy demands as well as the faltehor renewable energies and the conversion and
storage of these. The past few months have shovafi hew important the topic of energy self-suféioCy

is. The availability of renewable energies is sabfe major fluctuations due to the influence ofateer
(wind, sun, waves, etc.), the annual and dailymmyt This makes new concepts for energy storage and
conversion necessary. What are the future energyces? What storage requirements exist? How well
equipped is the port for this? What is the conoecto power plants and the public network like? ddaj
changes are imminent, for which there is littlenor experience to be resorted to. If there is a laick
experience, it is even more important to use neshrtelogies such as digital twins, simulations and
optimization algorithms to support investment diecis. This enables decisions to be made consciaumly
based on comprehensible data and facts.

3 THE METHODICAL APPROACH, DIGITALIZATION, DATA ANALY SIS AND ARTIFICIAL
INTELLIGENCE

3.1 Generate added value from digitalization

Digitalization is much more than just a trend. Eafzation is the transformation from an analog
environment to an environment in which physicalests and values are displayed in formats that are
suitable for further processing or storage in digstystems. It will thus be possible in future tegent, store
and process real-time information of the systermse @pproach to making this digitalization usabl¢his
digital twin. The steps for an approach with atdibiwin are explained below.

3.2 Analysis

The analysis phase deals with the collection anqdoeation of all information sources and data dibsog
the system to be digitally represented. This reterphysical objects with their relevant data foe t
respective problem as well as the relationshipg/det the objects, which are also described with. dite
relevance of the data must be determined. Whichctdbjand relationships, with which relevant prdpsrt
are integrated into the digital system? Which dae available or must still be made available? Whic
interfaces are available to which data systemsoandust be created? What is the quality of the data
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terms of completeness? Analysis of the data alsanm¢he development of new information from data
fusion and correlation.
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Figure 1: Procedure of the methodical optimisatipproach

3.3 The digital twin

A digital twin is a digital representation of a r@dject using the data relevant to the respeaibjective,

the so-called "data twin". Digital models expanid thata twin into a digital twin. The term digitalin is not
clearly defined and there are different expanstmels. For us, a digital twin is a system thauispdied with
real-time data and is capable of simulation andnieg, and that optimises itself. According to our
definition, a digital twin can be used, among otlieings, to represent real-time states, to optimize
operations, to reduce costs, but also for validatmd verification in development or for investment
decisions and predictive maintenance. A digitaintthus goes well beyond a simple virtual model or a
simple visual representation! With the help of gitdi twin, even complex relationships can be repnéed
and understood. With the help of this fact-basextgadure, it is possible to master complexity whearen
people with many years of experience reach theiitdi The results can be documented transparenty a
comprehensibly.

3.4 Optimization

In most cases, optimization of very complex systemesns larger solution spaces and, above all,dbd n
for consideration of several (conflicting) targéist are often contradictory. This is often reddrto as
multi-criteria optimization. If there are severappwmsing goals, problem formulation becomes more
complicated and increasingly complex with the iasieg number of influencing factors and their
interactions. Artificial intelligence methods prdei us with the right tools for mastering such peofd that
are characterized by the fact that there is noagloptimum. In this case, we speak of pareto ogaton, or
the search for a condition in which it is not pbsito improve one of the criteria without havimgworsen
another. Here, the corresponding algorithms ofrtticriterial systems provide the best solution fioe
specific situation to be selected. The followingtinoels are available to select the best solutiontler
specific situation from this set of solutions:

(1) Expert interviews and decisions — Experts amalthe final solution quantity and make the sebecti
based on situation-specific expert knowledge.

(2) Problem simplification through weighting — Imtlual target variables are given a higher weightin
depending on the situation and are thus prioritized
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(3) Decision Support System - The decision makingchieved through machine learning or the smhuti
quantity is further limited and connected with gdinwhich combines expert decision.

3.5 Management

Intelligent energy management is made possibledbasethe digital twin and using a wide variety of A
algorithms. In addition to the topic of optimizatidorecasts and anomaly detection also play amitapt
role in the operation of the energy system.

4 THE CONCRETE IMPLEMENTATION FOR THE PORT

The theoretical approach described above is velly su#ed to efficiently master the current andunet
challenges of port energy supply.
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Figure 2: Result of the first area analysis

4.1 Energy potential analysis for ports

The aim of the energy potential analysis is to &mabmaximum possible supply of renewable energhé¢o
ports, starting from a purely physical consideratidhis includes, on the one hand, the potentiaenergy
generation, but also the potentials of storagea ffirst step, geo-information data are procured Had
theoretically possible areas for energy generadien determined. In the case of ports, it is adlésab
consider the following forms of energy: wind, su@ve and possibly tidal energy. In this considerastep,
no operational restrictions are considered. Inrtbgt step, the concrete usability of the individaatas
regarding the possible forms of energy is analykim, restrictions such as shipping traffic, blodkeeas,
flood areas, possible shadowing in the case ofr®allations, wind-reduced zones due to high bugslj
compliance with distances to the security infragtice (e.g., tank farm, radar stations, etc.). Quassible
scenarios have been defined for the first timentd step is data procurement. The following tiesslved
(historical) weather data are of relevance:

« Wind speed and direction

e Temperature

* Solar radiation (global and diffuse)

« Information on tidal range and swell (dependingvaimd direction and thickness)

In addition, first technological decisions are méeg. performance and number of suitable winditiad)
and corresponding load curves are procured. Afterdiata has been prepared, it is aggregated aridtéhe
energy vields are calculated for a calendar yearthis step, the individual regenerative yields ¢emn
considered independent, as there is practicallyeedback to the overall energy system in the letaf
system. Through iterations and optimization aldgons, the regenerative energy yield is optimizeteims
of energy demand. If the port's energy needs ase/Rninitial estimates of the degree of self-sudlircy can
be made on this basis. A similar procedure appliéis regard to the energy storage. Here, too, itise $tep
is to identify potential areas in the port ared tten be used for energy storage, taking safetgcspnto
account. Storage types include battery electricagi®y H, methane and ammonia storage, and heat/cold
storage. A dimensioning of the storage requirenack the integration into the supply infrastructtakes
place on a higher physical level and flows intorfedeling of the digital twin.
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Figure 3: Result of area analysis including techgiclal aspects

4.1.1 Energy sources

The energy transition will result in diesel fueldameavy oil losing their role as an energy souncghipping.
For this, H, ammonia, methanol, LNG and CNG will become manpartant. Since it is not yet clear
whether one of these energy sources will play aidanmt role in the future, both in shipping and e t
processing industry, all these substances shoulicheded in a new energy concept of ports.

LNG CNG
Unit Diesel Methanol Ammoniak (liquid) (compr.) H2
chemical
formula CisHss CH;0H NH; CH, CH, H,
Gravimetric
. kWh/kg 10,6-13,1
energy density 126 5,5 48 10,6-13,1 333
Volumetrlf kWh/I
energy density
10,5 4,3 0,003 0,003
toxic toxic highly toxic, non-toxic, greenhouse  non-toxic, very reactive at
explosivewhen  gas, highly flammable, high temperatures, highly
General heated explosive in combination explosivein combination
properties with air/02 with air/02
Use Internal chem. chem. Internal combustion Internal combustion
combustion |ntermediate, Intermediate, engines, heating engines, fuel cell
engines fuel cell storage and
transport medium
for H2
Storage Liguid tank  Ligquidtank Liguid tank Freezer High pressure gaseous in high pressure
tank  tank tank

Table 1: Energy sources

Accordingly, appropriate storage facilities mustgrevided and simulated. In the case of H2 and LNG
CNG, storage must also be provided for the aggeegia@ites gaseous, and liquid and the thermal bmiravi
must also be controlled. Electrical or electronionitoring (functional safety) of the accumulatosgjce
each material has specific critical properties (s&gle 1) and thus a corresponding safety must be
guaranteed, which, as a rule, cannot be achievely sbrough mechanical measures.

Ammonia as an energy source has a special dualawlthe one hand, it can be used directly as anggn
source in marine engine combustion and on the dttied, it can be used as a liquid carrier matefi&l2.
This transformation process must also be monitamdl energetically optimized accordingly. There és n
alternative to the use of a digital twin for theeegy optimized orchestration and provision of adintioned
chemical energy sources.
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4.2 Requirements Analysis

The collection and use of demand data is essdptiadptimum design and efficient operation of atjsor
energy system. The energy requirement has a dirfBeence on the required storage capacity, sihee t
storage unit is intended to compensate for the tffset between energy generation and energy deauachd
to smooth out any peaks that occur. Since variousd of energy occur within a port, the first siegthe
collection of the relevant forms of energy. Theldwing classification is recommended for systematic
collection:

Propulsion energy of ships

Auxiliary energy of ship (hotel)

Energy for port infrastructure

Electric Electric Electric
Chemical Chemical Chemical
Thermal Thermal

Table 2:Classification of energy forms

In the next step, the energy demands are quantfiedtemporally resolved. As a rule, there aretaivles
for the ships from which the drive energy demana lba derived. For the planned waiting time, thg=shi
specific hotel demands will also be incurred. Om plort side, the infrastructure requires energyaddition
to the base load, there are demands for the logiapplications that depend on the loading/unlapdirthe
ships and thus correlate with the timetables.

Finally, the energy demands for each energy typesymthesized to form an overall demand profile.

The system design is based on the demand and tjenepaofiles. Depending on the technology used,
sectors or types of energy can be coupled. For pbearthe waste heat from electrolysis processesbean
used to provide heating energy. Excess electrivaigy can be stored in storage batteries or usgdrterate
heat or cold. The storage of cold and heat is gdlganore favorable compared to electrical eneitgyage
systems, assumed there is sufficient demand fdramodl heat.

4.3 The digital twin of the port

The information and data collected during the asialphases are now incorporated into the digitadehof
the port energy system. By modeling the physichllb®r of the system as a digital twin, the intémats
between the components are made transparent addtdneollection effort is also reduced. Differspstem
topologies are mapped, simulated, and evaluatedy ystrformance indicators such as total costs,ggner
efficiency or degree of self-sufficiency. The rotness and sensitivity of the system can also briatel by
varying the input parameters.

After the design phase has been completed, th&alitgiin provides important information for the ege
management of the real system. Decisions in stom@agement are simulated using the timetables and
forecasts for energy generation and energy prigeldement. The digital twin calculates the futuremy
storage levels. Charging and discharging as wefieaseration and conversion between different foofns
energy are optimally regulated according to theliregents.
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Figure 4: The digital port twin
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Figure 4 shows the typical real and virtual objets their diverse relationships and interactioha port
twin. The respective characteristics for a spegqifit are very individual, even if individual obfssuch as a
PV system or an energy storage unit can occur teglgaas a module in the modeling. A port is a claxp
system consisting of energy, goods and mobilityvflcand systems and can be controlled by a virtual
system.

4.4 Use of the digital twin for optimization in all phases of the port life cycle

Our approach is a first step to use the digitahtimi all phases of the life cycle of a port for iopzation.
The life cycle of a port can be easily divided itlicee phases.

Phasel: Planning of investments and structural uneas-> the decisive added value of the digitahtigs
in securing the investments through previous sitiaria

Phase 2: Operation of the overall system => Re#d-tilata is used in the digital twin to optimize dverall
system regarding energy efficiency and costs.

Phase 3: Continuous optimization and automatiotrrough continuous expansion and optimization ef th
digital twin, the path from decision-making to autated operation of the energy system becomes pessib

The digital twin offers clear benefits in each bése phases. The following examples explain hovcave
use the digital twin profitably in the three phases

In planning, new technology and investment decisican first be modelled with the digital twin arnen
their impact can be estimated thanks to Al predlicti'First modelling then investing” is quite easith a
digital twin, even with highly individual requiremts. Different scenarios can be simulated, and the
respective benefits shown. Not yet identified scesacan be derived through such model-based data
analysis and developed and prioritized in the fofrase cases.

In the company, decisions must be made to ensabtestind economical operation. Experienced personne
usually make the decisions. The digital twin supgpdnis by using real-time information. A digitalih can
provide Al-based strategy and action recommendstion optimal operation and thus raise additional
potential. The continuous further development @& tligital twin with Al-supported algorithms offetke
opportunity of automation and thus a far-reachiligf and Support.

In ports, for example, the smart use of statior@arynobile energy storage or land power units, the of

volatile energy sources as well as the flexiblégassent of ship berths. By cleverly combining theseas,
potential can be tapped to significantly reduce, @®issions and air pollutants. Thanks to self-liegrn
algorithms, the twin is constantly improving withaeglecting stable operation.

4.5 Two modeling examples for the digital twin of the prt

Using two concrete examples, we illustrate the ddague of the digital twin in the planning and ogien
phase. By way of example, figure 5 shows the adstrdemands for a small ferry port and a porthwit
tourist excursion boats as well as the electrigi®yd of a wind turbine, supplemented by the eleitir price
profile of a day from the year 2020. It is alreadiyar here that demand, income, and electricityesrdiffer
considerably in size and timing depending on tlemado. In the current situation, electricity peaae once
again more volatile and at a significantly higheardl.
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Figure 5 (left), Figure 6 (right).
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In another scenario, a wind turbine feeds an albcter. The hydrogen produced is used to refu@sshihe
demand for hydrogen is distributed quite evenlyrabe entire year, although there is a slightlyhieig
demand in the summer. The average annual productitme electrolyser and the annual hydrogen demand
are almost the same. Nevertheless, a large hydtag&ns required, which is completely emptied dgrihe
calm months in the summer and filled up again i dlutumn and winter months with lots of wind. The
hydrogen tank level can be seen in figure 6. Thistrates the complex interaction between germmati
storage and consumption.

4.6 Outlook

Ports will have to find further business modelgha future to be able to compete, but also to iflenew
sources of income. A digital twin can be used toknsut complex interrelationships and new correladi if
required also derive cross-domain business modéélbased algorithms are used to detect even theé mos
complex correlations, based on which new businesteta can then be developed.

5 CLASSIFICATION, OPPORTUNITIES AND MATURITY LEVEL OF THE APPROACH

The presented concept represents an importantitwmation in the context of digitalization with thémaof a
CO,-neutral port. Digitalization has already found wtay into energy systems and their management in
many areas. There are several projects that haare@we the first important hurdles and thus esthbl a
basis for use through the collection and monitoohglata. We see our approach as a holistic metnaid
can build on these foundations, if available.

In addition to the holistic approach, our appro&lcharacterized by the combination of Al and pbabi
modeling. This combination is the important basis dtable energy management. Compared to purely Al-
based approaches, our approach is less dependeristing training data.

In principle, neural networks are very well ablentap the relevant relationships. In practice, the@ften a
lack of quality and quantity of training data. Iddiion, in practice, edge cases for instabilitypud be
avoided as far as possible so that even fewer merasat data are available for these operatingsstatiAt
this point, the combination of Al and physical miinig plays out its strengths. On the one handiridiaing
effort decreases because the neural network dadsawe to learn more things that are already impleed
in the physical model. On the other hand, the maysnodel can also be specifically stimulated ideorto
generate virtual measurement data for the edges,casth the help of which e.g., the neural netwoak be
trained.

The presented approach is based on a series obdietthelements such as data analysis, physicaéhmogl
optimization algorithms and other Al methods thawdnbeen tried and tested at ITK Engineering GrdoH f
many years. We can build on an ITK-own and provedeling and optimization framework.

REAL CORP 2022Proceedings/Tagungsband ISBN 978-3-9504945-1-8. Editors: M. SCHRENK, V. ROPOVICH, P. ZEILE, M’
14-16 November 2022 — https://www.corp.at  P. ELISEI, C.BEYER, J. RYSER



