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SIMULATING FOR
SUSTAINABILITY:
ALTERNATIVE
OPERATING
STRATEGIES FOR
ENERGY EFFICIENCY

In the 2015 Paris agreement, countries committed to
implementing measures to reduce greenhouse gas
emissions to limit global warming. For the maritime industry
specifically, the International Maritime Organization (IMQO])
has proposed measures for energy efficiency of vessels
and candidate measures regarding fuel choice and speed
optimisation. This article aims to contribute to the latter
by showing how logistical simulations can be used to
optimise fleet operations. We will illustrate this in the form
of a conceptual case using one cutter and a range of barge
fleets. Running simulations with all possible fleets, we
willdemonstrate the value of extra energy-based
alternatives to challenge the fastest, cheapest and

most flexible alternatives.

This article demonstrateshowtouse an
open-source logistical simulation package for
the optimisation and planning of a fleet of
dredging or offshore installation vessels.Fora
conceptual use case, we simulate all possible
barge fleets thatcan be composed of arange
of barges. Persimulation, we extract Key
Perfarmance Indicators (KPIs) along a number
of dimensions. These include the classic
fastest,cheapest, and most flexible scenario.
We extend it here with the most energy-
efficient scenario. Note thatinreal dredging
projects,other KPls can alsobe dominant:in
some harbours, noise restriction windows are
imposed, and often there arerestrictions to

preventdredging plumes or spill of fine
material from settling basins (Van Eekelen et
al,2015).We use these KPIstorank the
simulations along these dimensions, allowing
the contractorto properly weigh the options
and consider an energy-efficientcompromise.
The weighing of different scenarios has
always beeninthe scope of adredging project.
However, the anticipated focusin our sector
on fuel efficiency serves as atriggertorevisit
thisclassical challenge. Fuel efficiency will
increase the solution space by atleastan
order of magnitude. We believe simulations
cancontribute to getting most value out of the
extraoptions.
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Forthe simulations,we use the OpenCLSim
package introduced by De Boeretal. (2022)
and Baartetal (2022).Intheirwork, they
showed its applicability for the dredging sector
with the example of one dredgingcycleanda
number of coupled dredging cycles with one
cutterand anumberof barges. Inthis article,
we extend theircase by running arange of
simulations for the coupled dredging cycles.
Further,OpenCLSimwas lacking two features
thatwere neededin the context of energy
reduction.In this article, we add a critical

path analyserto OpenCLSimto considerto
what extentbarges are on the critical path.
Secondly,we add arouting component for
sailing to take the fleet mobilisation phase
into consideration.

Afterrunning all scenarios and choosing an
energy-efficient compromise, we exporta
handful of scenarios to general purpose,
industry-standard planning and Business
Intelligence (Bl)tools. This enables arange of
stakeholders toanalyse the optimal scenarios
and assessitin the context of the available
options. We believe these tools will
demacratise the traditional planning process
beyond experts. Adding an energy-efficient
scenario alongside the cheapest and fastest
scenarios may resultinacompromise
scenariothathas the bestoverall score but
doesnotnecessarily have the best scorein
terms of cost, time or fuel efficiency alone.
The most energy-efficient scenario may entail
additional costs, fuel saving options or delays
thatwillhave to be borne by one of the parties
involved. Simple data analysis tools will allow
each stakeholdertounderstand and compare
the concessions required from them to accept
the energy-efficient compromise scenarig,
ratherthanjustthe cheapest, fastestormost
energy-efficient scenario. We foresee that Bl
toolswillsupport conversations and facilitate
reachingamutual agreementamongthe
contractor, client, NGOs, financing bodies

and other stakeholders.

We shall first explain the use case centralin
thisarticle:arange of scenarios fora fleet of
one cutterand anumber of barges. Next, we
provide arecap of the core of OpenCLSim as
described by De Boeretal. (2022). We explain
howwe added the critical path analyser.

We added aroutingcomponent for shipsto
sail overanetworkwith known physical
dimensions (depth, width). This allows us to
compute the power profiles needed for
detailed fueland emission estimates.

We proceed with the method to compare

and weigh the alternatives and choose an
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energy-efficient compromise. Finally, we
explain how planning and Bl toolscanlead to
betteranalysis of the chosen scenario.

De Boeretal (2022) presented the “one
cutter,many barges” problem. This case,
illustratedin Figure1,provides arepresentative
yetsimple test case of areal-world project.
The basic setupresembles the dredging works
forthe Fehmarnbelt tunnel. An overall activity
is executed until allmaterial has been added to
areclamation fromatrench. This activity
determineswhen the simulationis finished.
The while activity repeats a predefined
sequence activity thatis composed of four
activities: first abarge moves towards the
trench, then a cutterfills the barge, the barge
thenmoves to thereclamation and finally the
barge offloads the material to the reclamation,
afterwhich the bargeis available for a next
cycle.InFigure 2, theresults are shown as the
cumulative location of material in all sites and
vessels, while Figure 3 shows the sequencing
of activities by all vessels over time. In this
example with four barges, the cutteris always
onthecritical path,aswell as the barges
whenthey are being loaded by the cutter.
Thetrenchwhere the cutterislocatedis

also always onthecritical path. For the final
load, the unloading at the reclamationis at
the critical path.

OpenCLSimisbased onthe generic

discrete events simulation package SimPy
programmedin Python. OpenCLSim has been
created as aseparate layerontop of SimPy
(Matloff,2009) to mimic concepts from the
world of maritime transport. This includes
commercial cargo vessels, but also covers
dredging or offshore construction. Due to

its open-source nature, each maritime
contractor can modelits own confidential load
processes (e.g. pumping, lifting, etc.) with
internal code that canremain proprietary.
OpenCLSim hasbeencreated by Delft
University of Technology, research institute
Deltares, marine contractor Van Oord and
engineering consultancy Witteveen+Bos.

The core of SimPy,and hence the core of
OpenCLSim,isaseriesof eventsintime.
The eventscanbe coupledtostates of
properties of vessels and sites using
conditions. Hence anetwork of connected
eventscanbecreatedthatcanadaptto
random conditions such asweatherevents.
Thecoreof OpenCLSimisasmalllibrary
representing the core processesinmaritime

transportation: the loading and unloading of
material —eitherdiscrete goods or bulk
guantities—and the transport thereof.
These eventsoccurinvesselsoratsites.

InOpenCLSim,vesselsandsitesare
composed of building blocks to create asite or
vesselwith certain capabilities, like being able
to process and/ormove material. Atypical
trailing suction hopperdredger (TSHD)is a
mover and a processor,whereas a classic
cuttersuctiondredger (CSD) onankerlines
canonly process. Using thismodular approach
with so-called “mixins” (Bracha,1990), custom
vesseltypes can be created. The mixins
conceptiscoreto OpenCLSimand by design
extensible. This means that userscan

create additional proprietary mixins to model
confidential properties.Van Oord, forinstance,
has aninternal class of mixins for dredging

and offshore wind installation, but also
contributes to open-source mixins thathave a
more pre-competitive nature. An OpenCLSim
simulation progresses until a predefined
criterion goalis met. Examplesinclude the
removal of an amount of material for capital
dredging, the addition of an amount of material
forland reclamation, or the installation of
anumber of componentsinanoffshore

wind farm.

The aim of this articleis to simulate arange of
scenarios andrankthese scenariosona
number of classic KPIs and add energy
efficiency as an additional KPI. Here we
choose the full optimisation case thatwe can
create using afleet of one cutterwitha
number of barges from De Boeretal. (2022).
We predefine a series of nine available barges
with random variations for production speed
and energy use. From this available fleet,we
compaose barge fleetsof one up to seven
barges. Using the mathematical concept of
the binomial coefficient, there are 501
possible ways to combine a fleetof upto seven
barges out of nine (Xu=1.7 91/(n!(9-n)!)). Fora
project, thiswould be all barges available in the
project period by the contractor, a possible
jointventure partnerorvia third-party rental.

Our optimisationuse caseisonlymeantasa
verification andillustration of how one could
take energy efficiencyinto account using
OpenCLSim.Hence ourinputvalues are

only selected tobeinareasonable order

of magnitude. For more realistic values,
information from the proprietary internal fleet
equipment databases of acontractor, orthe
|IADC database would berequired.Inthe

design of ouruse case, the cutteris chosento
be five times maore expensive than abarge.

The basic approach forenergy useis
describedinVan Koningsveld et al. (2023).
The energy useis specified pervessel and for
each activity separately. For the maximum
energy during the cutterloading phase, we use
alarge medium-powered cutter of 1ISkW
(IADC,2014), while for the unloading of the
barges, we use alarge backhoe dredger of 4kW
(IADC,2014). Forsailing, we use a tug of ITkW
empty and 2.5 kW loaded. These values
represent a Fehmarnbelt-like case where
dredged material has to be placed (rather

than pumped) in a specific locationto prevent
spill. Each piece of equipmentis also assigned
aseparate basic energy use during waiting.

Of course, forrealistic simulations,
contractors canquery these values from
theirdatabases with supplier specifications or
fromreanalysis of historic experience data.

We run simulations for all these fleets and
subsequently analyse all simulations on the
KPls forduration, cost and energy usage.
Thenumberofbargesisusedtodiscuss
flexibility. The aimis first to facilitate the
choice farthe size of the barge fleet, but

also onwhich specific bargestochoose to
compose that fleet. Forexample, there are 126
different configurations to make a fleet of four
barges. Figures 4 and 5 show theresults of the
range of 501simulations, binned per number of
barges. The three main KPIs show quite some
variation for small fleets, reflecting the
different properties of the barges. Forlarger
fleets, the variation reduces until the KPIs for
duration and cost are nearly independent for
the fleet size at five ormore barges. Figure 4
allows ustoconclude that the lowest costcan
be obtained forabarge fleet of three tofive.
The overall project duration hasreacheda
minimum at four barges and does notimprove
forlargerfleet sizes.
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The KPI perscenario, binned per fleets with equal
number of barges.

Finally,the energy consumption hasreached
almostaminimum at five barges. The energy
use keeps avariation for all fleet sizes. With
the three KPIsin mind, the optimal choiceis a
fleet of three, four or five barges. Thisreduces
the optionsto 336. We can conclude that the
choice forthe number of bargesisnotthe
mostimportant one due to the variationsin
fleet composition, but the exact fleet
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compositionis.Inamorerealistic use case,
the mobilisation of each barge also must be
takenintoaccount.

Duetothevariationin barge properties, a
small fleet might sometimesleadtobetter
results for projectdurationthan alarge fleet.
Hence, theright fleetcompositionisimportant
forthe options of three or four barges, but

hardly at five barges. We therefore aim to
narrow the search window for the contractor
toamanageable number of optimal choices.
From our experience with project operations,
we define manageable as alistthat fitsonone
page.Foreach of the choices of threg, fouror
five barges, we identify the optimal result for
each of the KPIs. This approachyields nine
options,asshowninTable1.

Scenario # Barges Cutter Duration and Cost and Energy and Best for
fleet occupancy % difference % difference % difference
with base with base with base

a 3 81.8 0.80 +23.1 29814 +13.6 210 +12.3

b 3 74.7 0.85 +30.8 31629 +20.1 203 +8.6

c 4 99.7 0.65 base 26245 base 187 0.0 cost, duration

d 4 100 0.65 0.0 26685 +1.7 176 -5.9 duration

e 5 100 0.67 +3.1 27897 +6.3 188 +0.5

f 5 100 0.65 0.0 30297 +15.4 183 2.1 duration

g 5 100 0.65 0.0 29473 +12.3 172 -8.0 energy, duration
10 TERRAETAQUA



Table 1, with the optimal choices, shows that
fourbargesleadtothelowest overall cost
(scenarioc). Foroptimal project duration, four
or five barges can both be optimal (c,d, f, g).
Forenergy use, five barges are best (g),buta
scenariowith four bargesis close (d). This
means that four barges will be the most likely
choice. However, the cheapest fleet of four
barges (c)isdifferent from the most energy-
efficient fleet of four barges (d). In this case,
fleet (d) might be agood compromise asitis
closetothe cheapestfleet (c) and the most
energy-efficient fleet of five barges (g).
Without our simulations, including the
calculation of energy efficiency, probably
fleet (c) would have been chaosen. Due to our
simulations, an extra fleet option (d) appeared
that saves 5.9% fuelwithonly 1.7% increase in
costcomparedto (c). Choosing the most fuel
efficient option (g) would have saved 8%
energy butincreased costby12.3%
comparedto (c).

Note that because Table 1only shows the best
choice per KPI, alarger number of alternative
fleets might be available, which are a similar
compromise as fleet (d). The scatter plotin
Figure 5 shows all scenarios with four and
more barges. Many options are available that
are close tothe cheapestandclosetothe
most energy efficientone. Thereis no option
thatis both the cheapestand the mostenergy
efficient. Using Figure 5, alternative fleets
could be consideredin case the availability or
mobilisation position of barges changes.

An extra considerationisthatwith four barges,

the single cutterwillhave 100% occupancy.
Asthereisonlyone cutter, the cutterwill
become the critical component of the entire
project. Smallrepairs willimmediately resultin
delays, extra cost and extra fuel. The choice
forfourbarges only fits asettingwith an
experienced crew and equipment that hasjust
had a docking. A more flexible scenario would
be three barges, with only order 80% cutter
occupancy. Three barges are sufficient to
provide flexibility regarding the capacity to
barge handling issues. However, project
duration and costincrease rapidly when one
barge failsand only two are left. This means
that four barges provide partialinsurance
againstbarge delays, especiallywhen the
project hasliquidated damages or a strict
termination date fora permit. Note thatalarge
number of barges also has downsides, as it will
require additional coordination.

Akey follow-up analysis after the major
decisionastowhich fleetto take,istoanalyse

this choice in more detail. Asitisnotthe
cheapest alternative in a highly competitive
setting, furtheranalysisis needed to gain
supportforanenergy-efficient compromise
choice.One aspect of thisis to analyse in detail
what the critical pathisin this simulation.

Inaproject, the critical pathis defined

as the sequence of subsequent activities
determining the minimum time needed to
complete the project. Adelayinany taskonthe
critical pathimmediately causes adelayinthe
projectdelivery time. For project planning, itis
importanttoidentify the tasks thatare onthe
critical path and theresources occupied by
these tasks, becauseit givesinsightinto
resource constraints and project risks.

Project management willaim to maximise the
utilisation of the most expensive assets.

The most expensive assetinthe example case
isthe cutter Whenwe use five or more barges,
the cutterwill continuously be on the critical
path.Withless barges, there willbe some
waiting time untilan empty barge arrives.
Tasks thatare notonthecritical path allow for
adelaywithoutimpact onthe delivery time.
When the moving activity of a barge is not
critical,itcan apply green or slow steaming as
astrategy by loweringits speed orwaiting for
beneficial currents. Thiswould furtherimprove
the energy and emission footprint of the
projectasawhole.

Todetect activities on the critical path of

an OpenCLSim simulation,we need the
dependencies between activities. Note that
the critical pathis not always a unique series
of subsequent activities.Independent
(parallel) activities can be part of different
critical paths of a project. Unfortunately, the
triggerofanactivityis notlogged by SimPy
(the core of OpenCLSim) during the
simulation. Therefore, we have to derive a
posterioriwhat activity (orwhat activities)
cause anactivity to start from the simulation
login combination with the model definition.
We implemented two methods to derive the
triggers from the log: one method using
matching start/stop times of consecutive
activities asindicatorof a dependency
(overestimate due to coincidence) and a
second method using the model definition to
find the connection between activities
(underestimate since notalltriggers arein the
madel definition). Although the information of
both methodsisincomplete,itleadsto
successful detection of the critical pathin
many cases.Inourcase, theresulting list of

critical path activitiesis the same, which
means we can be sure that all critical path
activities have been detected.

Oncethe dependencies are identified, we
construct adirected graph with activity
duration asweight. We use the longest path
function of the open-source Python toolbox
NetworkX (Hagbergetal.,2008)in
combinationwith asmart edge-pruning
iterationtoidentify all activities thatlie on
critical paths. These activities are marked and
canbevisualisedinaGanttchart. The Gantt
chart for our case simulation depictedin
Figure 3 shows thatresource ExtraTisthe
first on the critical path becauseithasto
sailtothe trenchwhere the Cutter Tis
waiting. Once the Cutter T has started, itis
continuously on the critical path.Incontrast,
Barges Il and lll, Extraland Carrier A are only on
the critical pathwhen they are at the Cutter T
waiting to be filled. Finally, Barge Il is on the
critical path becauseithastosailtothe
reclamation site.

Thecritical path analyserallows fast
detection of activities on the critical path.
Allsailing activities that are not on the critical
path allow for the optimisation of fuel use and
routing as described in the next section.

The sailing process involves sailing through
route-bounded (ports, coastal seas) and

free sailingregions (working areas, oceans).
Toreduce emissions over the whole project, it
isimportanttobe able to compute both cases.
Forthe examplein Figure 6, therouting
module can be used to sailovertheroute-
bounded region and through unbounded
regions forthe mobilisation and demabilisation
phasesofa THSD. Strategies commonly used
forroute choices include emissionreduction,

#170-SUMMER 2023 n



fueluse optimisation andincreasing comfort
and safety. Anoptimal path canthenbe
found by considering tidal windows (Bakker
and Van Koningsveld, 2023), currents

(van Halem,20139) and weather events
(seee.g, Grifall,2022).

Toimplement the concept of route-bounded
sailing, we have implemented an OpenCLSim
“routable” mixinthat allows aship tofindits
way over a graph. Thiscomponent can usedto

A

sail over prepared network graphs thatinclude
information on depth such as De Jong (2022).
Toimplement the calculation of fuel use, we
have made it possible to connect the energy
module of Jiang (2023). This energy module
computes the fueluse and emissionsasa
function of engine parameters (e.g., engine
age, fuel type) and power use (based on power
setting and resistance) during sailing. Allowing
tosailoverthe graph canresultinmore
realistic distances travelled and also enables

e Mobilization

I Sand sources

[__1 Reclamation

Route bounded
Fairway

~—— Harbour

~—— Approach

120 km

Example transport ofa TSHD (greenline) from an origin port (white dot) mobilised (green line) over

the Dutch Fairway Network (light blue lines) to the trench (green dot) usingan OpenCLSimroutable

Brown patches are sand mining sites and yellow patches are beach nourishment locations.

analysis of traffic interference (e.g.in case of
capacityrestrictions, or speed limitations).Ifa
sailing graphis extended with information on
width, depth, currents and sailing limits

(e.g. tidalwindows), it can alsobe usedto
compute more accurate durations and for
energy consumptions and emissions.

Forfurtheranalysis, we take fleet (d) with
fourbargesthathasbeenchosenasthe
compromise considering all criteria. The
choice foracompromise implies that different
stakeholders have to be handled that did not
get their optimal choice. Adetailed analysis of
thischosen fleetisrequiredto assessthe
pros and cons of this fleet. First, we enable this
by extending OpenCLSimwith acritical path
analyser.Theresults are shownin Figure 3.

The second optionis tomake iteasy forall
stakeholders to analyse the simulationin
theirown context. For this purpose,we
presentthe outputresults of the simulation
as the conceptsused by project planners:
the Planning and the Schedule (Kelley and
Walker,1859). Thisisillustrated by the data
model of the plannersin Figure 7. They define
the planning as what mustoccurandin

what arder, while the schedule follows the
planning and adds timetables to the planned
activities. The schedule can be created
manually orautomatically with scheduling
software like CPM (Critical Path Method).
An OpenCLSim model definitionasin Figurel
isarepresentation of what must occur, and
canthusberegarded as the planning.

An OpenCLSim simulation subsequently adds
timetablestothe input,and thusreplaces the
role of scheduling software like CPM. We
extract the schedule afterwards from the
OpenCLSimlog. The OpenCLSim core of
Simpy generates alogofallevents. Faor
example, each “Move” by a “ShiftAmount”
activity generates aneventwhenit startsand
whenitends.|fanactivityis forced towait for
weatherevents, it generates two additional
events, atthe start and end of the waiting.
The OpenCLSimeventlogisreworkedinto
scheduleitemswith astartand stop time that
canbeplottedina Ganntchartlike Figure 3.

Subsequently, the timeranges of each activity
inthe schedule/planning are to be linked to the
Resources inthe terminology of project
planners.In classic project planning
terminology, activitiesin the schedule/
planning with associated resources are known

12 TERRAETAQUA



asthe Work Breakdown Structure (WBS).
Each WBS activityisaninstance of an
Activity Breakdown Structure (ABS)where
theresources are notassociatedyet.

For OpenCLSim,theresources are attached
tothe activitiesin the model definition
inFigure1.In OpenCLSim, the available
resourceroles are processor, mover, origin
ordestination. For practical interpretation,
theresources are splitintoconcepts “Sites”
and “Vessels”. The table of assignment of
theresourcestothe schedule/planning

are “Campaigns”.

The OpenCLSimloghasbeenexported as
separate csv files per table in the data model
(Figure 7) andrecomposed intwo of the

leading industry standard commercial Bl tools:

Qlik Sense and PowerBI (Gartner,2022).
Both tools have an optional Gannt chart
extensionthat offersthe sameinteractive
behaviourasplotsthatare partof the
OpenCLSim package (Figure 8) or part of
dedicated project planning software.
These commercial Bl tools allow users to
connecttodatafromtheircompany data
sources (Yessadand Labiod, 2018). For our
examplein Figures4and 5, we calculated
energy use and costwith python code after
running the OpenCLSim simulations. This
required ustoimport additional tablesinto

python.Foractual applications at contractors,

these datatypically come from a database
connectedtothe company'schoiceasa
central Bl tool. Hence, forreal cases, cost and
energy calculations willmost likely be donein
aBltool.

Most of the attention in the energy transition
goestoequipment-based developments for
new vessels, retrofitting and different fuel
types (Joungetal,2020). These measures
willneedto provide a major part of the IMO

[B] schedule C [B] Planning

’

[E] actvities

Campaigns ?
@ 9

[E] Vessets [E] sives

The targetdata modelin Bl tools of the mapping of the OpenCLSim log (PowerBl)

Vessals

Theinteractive Ganntchartinthe Bl tool forarandom example case (Qlik Sense).

targetstoreduce the carbonintensity of
international shippingin 2030 atleast40%,
comparedto 2008 levels (IMO,2022).

The otherIMQ's candidate measures have
received less attention but are also needed
tomeetthe IMO targets. This article shows
how simulations can add to the mixrequired
forthe dredging sectorto meetthese targets.
Simulations are one aspect of the digitisation
of processesinship operationthathavea
great potential (KPMG, 2021). We believe
optimisation cancontribute to the energy
transition, especially in the short term, while
awaiting developments in equipment and fuel
type thathave alongertime horizon due to
the capitalinvestments involved.

We used the existing software framework
OpenCLSimtosimulate how fleet composition
canleadtobetterchoices forenergy use, with
minimalimpact on costand project duration.
The optimisation softwareis one way to shape
the IMO candidate measures that focus on
lowering energy use via fleet composition,
speed optimisation and speed reduction.

IMO indicates that fleet management, logistics
andincentives have a GHG reduction potential
of 5-50%, voyage optimisation a potential
of1-10% and extensive speed optimisation
upto75%(IMQ,2023). We applied the
simulation of vessels to atypical dredging
projectwhere one cutterand a fleet of barges
carryoutthework.

#170-SUMMER 2023 13
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Cuttersuctiondredger Biesbaosch, trailing hopper suction dredger HAM 317 and auxiliary equipment warking on the new sea lock in Idmuiden,
the Netherlands. 30% of the Biesbosch's standard fuel was diluted with a biofuel component, a safe mixratio that does not damage the engine.

We generated hundreds of passible fleets from
apredefinedrange of vessels.We analysed,
ranked and sorted the simulations until—
forasmallrange of fleet sizes —the fastest,
cheapestand most fuel-efficient scenarios
remained. Althoughwe realise that the benefits
from optimisationvia simulation are different
from case to case, ourexpertjudgement based
onthese simulationsis thatcontractors may be
able tochoose acompromise that saves asmall

percentof fuel,withonlyasmallincreasein cost,

by consideringdifferent fleet compositions.

Simulations can
yield extra fleet
options that save
fuel with only a small
increase in cost.

This alreadyrealises the lowerreduction
potential estimates mentioned by IMO (2023).
Further fuelreductionis possible, but that will
yield amore than proportionalincrease in cost.
We propose toextend the classic optimisation
betweenthe fastestand cheapestoption,with
the most energy-efficient option.

The simulationswe performed are justan
illustration of what could be possible with a
minimalimpact on cost. To achieve realistic
numbers on potential energy savings, this
work willhave to be repeated with actual data.
The actualdatarequired forasimulation like

thisconsists of atleast 10 numbers pervessel:

energy use and production for each of the four
dredging phases, the daily costand the
capacity. The typical fleet of alarge marine
contractorisinthe orderof 100 vessels.
Hence, forrealistic simulations, gathering the
actualinputdatacanbeasignificant effort.
Moareover, in our example, we used simple bulk
numberstorepresentloading and sailing.
However, forrealistic energy simulations,
simple bulk numbers are typically not enough
toassess production (hence costand
duration) and energy use. Depending on the

required accuracy,various subprocesses
oftenneed to be modelled in more detail.
Forexample, to account forvarying
circumstances along a sailed route a semi-
empirical physics-based method like the one
suggested by Holtrop and Mennen (1882)
may berequired to getrealistic values.
Propersimulations are an even more valuable
investmenttoscan the full spectrum of
possibilities that will contribute to better
fuel efficiency in the dredging sector.

Anensemble of simulations canyield various
fleets that compromise between duration,
costandenergy use. With the critical path
analyse we added to OpenCLSim as open
source, thiscompromise can be analysedin
detail. First,itwill lead to acceptance of this
option.Inaddition, by knowing the critical path
more energy can be saved. Vessels thatare
notonthecritical path canlower their speed
without extra cost or delaying the project, also
known as green or slow steaming. Once our
simple numbers are replaced by proper
implementation of methods like Holtrop and
Mennen (1982), the green steaming potential
of ascenario can be calculated upfront.
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Reaching theclimate goals set by the 2015
Paris agreementis a bigendeavour. Forthe
dredging sector, thiswillrequire collaboration
andjointresearch,as stated by Verhoeven
(2022).0penCLSimwas started with the
collaboration of three partnersinthe
Netherlands:Van Oord, Delft University

of Technology (TU Delft) and Deltares.
Forthisarticle, Witteveen+Bosjoinsthe
collaboration. OpenCLSimis fully opensource
and the setup with mixins allows anyone to use
and co-develop OpenCLSim, while having the
option (by design) to allow to keep sensitive

Summary

ThelMO hascreated targets forthe
maritime industry to lower emissions

of greenhouse gasses (GHG). Currently,
these are focused on maritime equipment
viathe Energy Efficiency Design Index
(EEDI) of newvessels and Ship Energy
Efficiency Management Plans (SEEMP)
forall ships. The IMO has further proposed
candidate measures for the short, mid and
long term thatrelate to the contextin which
the marine equipment operates: fuel
types and composition,aswell as speed
optimisation and reduction. This article
contributestothelatterby runningan
example logistical simulation of a

Gerben J.de Boer

Gerbenisan R&D and innovation manager
atVan Oord engineering and estimating
department. After graduating as a civil
engineer, he obtained his doctoratein
coastal oceanography from Delft University
of Technology, in the Netherlands.
Forover10years, he worked at Deltares
asaconsultantonremaote sensing,
numerical modelling and data management.
During that time, he was a member of the
MODEG marine data export group to the EC.
In2014, Gerbenjoined Van Oord to found
the Datalab, which he managed until 2023.

details proprietary. TU Delft could lead in
aligning these effortsinourindustry. We invite
everyone tojoin us at https://github.com/
TUDelft-CITG/OpenCLSim.

As shown in this article, logistical simulation
software can make a project more energy
efficient fromacontractor's perspective.
Energy and emission footprints are gaining
importance as project design criteria.
Anticipating developments to monetise
greenhouse gas (GHG) emissionsvia
legislation, project execution strategies

conceptualuse case of one cutterwitha
fleet of barges. We show how simulations
facilitate the quantitative comparison

of alternative operating strategies to
transport goods and materials with
varyingloading rates, speeds and

fleet compaosition.

Currently,dredging and offshore
construction contractors already
need to make decisions, weighing fleet
schedules that favour the fastest,
cheapest or most flexible alternative.
Energy and emission footprints are
gainingimportance as project design

that give the smallest fuel consumption and
emission footprints need to be considered.

By making such alternatives an optional

part of the value offering already, marine
contractors can stimulate a conversation with
the clientand government on the merits of an
optimal GHG alternative and on fundingina
level playing field. The same simulations could
beinitiated by governments and clients to
explore therange of possible ways to execute
awork. The OpenCLSim software we present
here will allow to quantify that extra alternative.

criteria. Anticipating developments to
monetise GHG emissions via legislation,
project execution strategies that

give the smallest fuel consumption and
emission footprints need to be considered.
By making such alternatives an optional
partof the value offering already, marine
contractors can stimulate a conversation
with the clientand government on the
merits of an optimal GHG alternative

and on fundingin alevel playing field.

The OpenCLSimsoftware we present here
will allow to quantify that extra alternative.

Pieter van Halem

In 2019, Pieter obtained his Master'’s
degree in hydraulic engineering from
Delft University of Technology and joined
Van Oord as adata engineer. His work
focuses onlogistical simulations of the
execution process, optimising resources
and equipment.
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University in the Netherlands and went on
towork at Deltares before joining Van s}
in2008 as lead engineerandinnovation
manager.|n 2018, Mark joined Delft
University of Technology waorking part time
as professor Ports and Waterways.

Active participationin various professional
networks has helped him to build a large
network bothinthe Netherlands and abroad.
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Arie is asenior data scientist at
Witteveen+Bos. He has applied data
analysis, statistical modelling and
optimisationin awide range of fields, varying
from the water sector to ecology. Arie has
contributed to software development
projects, such as forecasting demand of
fresh surface waterand computation of the
Physical Equivalent Temperature (PET) of
the Netherlands. He obtained a PhD at the
University of Groningen,in the Netherlands,
for hisresearch on fast solution of
ocean-climate models.

Frank Klein Schaarsberg

Adataanalystat Witteveen+Bos, Frank has
aMaster'sdegree in applied mathematics
with a specialisationin system and control
theory, and signal analysis. As adata
analyst, he has experience with data
management, collection, analysis, validation
and visualisation as well as designing and

developing complex software toolsin
Python.In his day-to-day work, Frank
applies version controland DevOps
principles when developing software toals.

Fedor Baart

Fedoris a specialistin data science and
digital twins at Deltares and Delft University
of Technology. His goalis to create virtual
clones of the environment thatare
data-driven,interactive, visually attractive
and explaoratory. He combines his unique
academic backgroundin engineering (PhD
in coastal engineering) and behavioural
sciences (MScin psychaology) with his
outstanding technological skills. Fedor
applies his approachin different fields, such
as ports and waterways, reservoirs and
coastalregions.

Luke Moth

Lukeis adataanalystat Witteveen+Bos
with a background in physics and software
development (University of Utrecht).

He's currently working on projects with
tasksrelated to data management,
validation, analysis and visualisation as well
as software development and architecture.

Luke has made contributions towards the
OpenCLSim package, an open-source tool
forlogistical simulation for optimising
fleet operations.

Arash Sepehri

ArashisaPhDstudent atthe department of
hydraulic engineering at Delft University of
Technology. His expertiseisin logistics
management and he's currently working on
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The expectedresult from hisresearchis
selecting the optimal strategies for port
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