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Summary

Congestion is a &l-known problem in the port industry but also in other industriBecauseof the
increasng international trade, this problem will continue to grow in the future. Congestiay lead
to long waiting times at certain momentahichaffects the whole supy chain of a product. This case
studyexaminesan imbalance betweethe supplyof handlingcapacityandtransportdemandof trucks

at a breakbulk terminal in the Port of Rotterdamue to the company policy and confidentiality

requirementsthe company iK SY OS T2 NI K NBTFSNNBR (2 a W.5tQ NIGI

This master thesiaimsto formulate arecommendtion onhow a terminal operatocan copewith the
changing workloadtherebysohing the problem of the inefficient allocation system atite loss of
employeesQ LINE R Wbl spadifically, His study ams to offer a solutionon how to alignthe
supply of laborwith the demand of incoming trucksThe mainpurpose of this solutioris to let
operational employees work as efficiently as possible during theirahiftdecrease the waiting time
of trucks A combination ofqualitative and quantitative researdls used to identify the problem and
explain the outcomesincluding a literature revig, interviews, and observatioMoreover, extensive

data analysi®f congestiorhas been performed.

In this researchtwo factorsseemto influence congestion at a terminal: the arrival pattern of trucks
and the deployment of employeeshe arrivad arenot evenly distributed signified bywo well-known
peaks arigg at 7:00 and between 9:30 and 12:00. Howevdre arival of trucks is notuily
controllable by a terminal operatomheleadingcause of the occurrence of peaks in the arrival pattern
is truck drivers' daily patternTherefore,this master thesiswill focus on the supply sidevhich is
entirely controllabke by BDP .Labor is reltively fixed during a shifsince employees are focused on
their own station and cooperation with other stations dot occur. The fixed allocation of employees
at a station is not optimalThorough analyses revealed thidie bottleneck occuraot at the gte
gueue, but at the queuwhere truckswait before beingoaded.Longwaiting timesoccurredbetween
10:00 and 13:00 and after 15:0Different products experience different peaks, indicating the need

for an adjustmentin the distribution of employees.

A reattime forecasting modek developedto forecast the waiting time of a new incoming tkucThe
expected waiting time serves as indicator of congestionof a product type.Consequentlythe
problem isknownin advanceandappropriate measuresan ke taken oratimely basis The expected
waiting timesare displayed by using a specially desid dashboard for theshift leaders Theshift
leaderswill oversee the dashboard and intervene when a truck turnsardhe dashboardThis red
color indicatesan expected waiting time of more than 40 minutdke shift leader will be made aware

of alloation byusingnotifications.The ultimate goal is to fully automate this processhe future
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Furthermore, 1 is essentialto note the results ofallocating enployees during busy time3he main

goal is to distribute the work more optimally among employees and times during the day. This goal
can be achieved by usirgdynamic way of allocatingrirst it reduces congestion and waiting tiraé

the terminal by 15%Second a reductionin costsoccursbecause ofeduced overtime and claims to

be paid by BDP to compensate for truekaiting and loading for more than 120 minutéhe more
frequent reallocation oemployees may alséead to morecooperation between théeams and a more

proactiveattitude.
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Chapter lintroduction

1.1 Problem definition
Congestion not onlypccurson publicroads butis also a enomrmousissuein port terminals. Total

volumes of world maritime tradeeached 11 billion tons in 2018ginga big milestoneand a new

record (United Nations, 2019)The United Nations Conference on Teadand Development
(henceforth; UNCTAD(2019)suggess that the average growth ratef trade will continue to increase
with 3.4 percenton a yearly basi®r the period 2012024. Thigxpected growttdirectly impactgport

development and reginal transportation networkssince efficiency is becoming mocétical (Guan,
2009) The increase in port operatiortgasimpacted urban infrastructure and mobilityeading to
traffic congestion at certain momenteesulting inlong waiting timesFurthermore, it simultaneously

influencesthe costs, environment, and congestion of the network.

It is important for a terminal to know the exaotoment of arrivalof trucksas t is the start of the
logistic supply chainand thereforeits business.A fundamentd contributor to inefficiency of the
employees is congestionabottleneckarisesin the supply chairausing furtherelays in the whole
chain.Although arrivals aran important variabletheyarenot fully controllable by a termil operator
such as BDP'hemain cause of the occurrence of peaks in the arrival pattern is truck drivers' daily
pattern. Truckers have fixed pattern that they follow every dagither in the order descrilibas
followsor the other way aroundThey stararound 600 or 7:00 ad drive to a terminal to load cargo.
Subsequentlythey gosomewhere els¢o unload the productsafter whichthey park their truck on a
parking lot to sleep. For this reason, trucks often arrive @erminalsimultaneously The aliity to
influence thigs limited.Moreover, different interests of supply chain padigould also have an impact
on the arrival of trucksA terminal operatoris responsible for coping with thearyingdistribution of

trucks throughout the dapnd desigingtheir processes ahlayout to deal with changing workload.

The demand for laboat the BDP terminalaries during the dags a result othe changing demand of
incoming trucksFurthermore,an optimalworkflow is essentiajiventhe process of handigrequires
multiple employeses. This indicates that mnyinteractionsoccur, which may lead to a bottleneck and
subsequently an inefficient way of handlingonsequently frustration amongemployees and an

increase in operating costsay occur

Dynamic wgs ofhandling trucksand using a good allocation systéma terminalare widely discussed
inthe last couple of yeadHuang et al., 2014 urrent technological and managerial developments in
the world revolve around process optimization, simulationdamsing available datan the most
optimal waygGekara & Thanh Nguyen, 201Blostresearch$ focused on container terminals since

new technologies and innovations amore common for these terminals than for the breakbulk
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terminalsthat have hardy changed since the 196Q¢lartin & Thomas, 2001 Aknowledgegap exists
regardingbreakbulk terminals which should therefore be scrutinized intdire research. Existing
scientific literature alsadiscissescertain practicalcasesthat give a betterinsight onhow process
optimization methods are implemented in practicdNevertheless, some questions remain
unanswereclfor example what is the effecbn efficiencies o& dynamic systemRurthermore,what

is the best way t@ptimizehuman resources at the landside of the terminal

Researclby De Jong2019)at BDRalready investigated the truck tuamound timeand concludd that
distributing truckghroughoutthe day (trick arrival managementill enhance terminal performance
However, although performance improves, the solution is not optimal. Tstck g F A G Ay 3 (A YS
very long,resulting in ongestion at the terminalAccording toDe Jong(2019) the sdution entails
expanding the terminal capaciggnd productivitythrough extended gate hours orrearrangingthe

breaks of theemployees. He argusthat future research should focusore on the establishment of
anoptimal working schedle for employeesThisresearch will further elaborate oand contribute to

his work.

As previously discusdemanagingrucksQ I NiNGffdutfIsh oSy GKS dzy O2y G NBf f |

daily routines Because of this, the solutidn deal withthe varying workloads to move to a flexible
capacity At call centerspart-timers are hired to anticipatéhe varying workload. Another solution is
hiring staff on busy days employment agencief\lthoughBDP is already doing thisdoes notfully
solvethe problem Increasim the overall capacity is quite costiigerefore improving its efficiency is a
more sophisticated solution to the congestiosugs.Thisresearch studiebow the workload can be

better adapted to the varyingrrivingtrucks by usirg allocation

Data fromBDPis used to connect theoryo practice. Thefirst step of thisresearch approach is
observation. Observingdentifying and quantifyinghe problem is the most importaraspectof doing
researchat acompany After understandinghe terminal processesthe actual problenis visualized
by analyzingthe data The analysisfocuses on what the exagroblem is and what the effect is of
various measures heanalysigesultsare discussedand knowledgevill be applied and implemented

to cometo a solutionand recommendations.

1.2BDPcase
BDPis afull-servicelogistics company specialized in transport by sea, road,aiaind multimodal

transport. With international officeghey offer customized logistics solutions worldwiddx Qa I 2|
entails pocessing,storing,and transportingcomplicated heavy or dangerous goods as efficiently as
possible BDP is mainly an import terminal foreakbulkbut also handles container§he customers

of BDP are producers such as Tata Steleb manufacturessemifinished products.
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As explained earlier, data frolBDPis usedand analyzedo formulate a solution tooptimize the
allocationprocessof handling goodsThe solutionwill be implemented in thédreakbulk terminain
the Botlek area of e Port of RotterdamThe breakbulk teminal activities include stevedoring
activities such as handlingforage,and transshipment, forwarding and distribution of steel, non
ferrous metals, project cargo and containers on-geing vessels, inland vessdisicks, and train
wagons. The BDParea covers 270,000n? and offersa variety ofservices. Theo-called AHWeather
Terminal(henceforth;AWT) which is part of BDRs specialized in the handling and storage of steel
This terminal is uniqaiin the Port of Rottetam becausef its abilityto work all year round in all

weather conditions.

Onaverage 80 trucks are handled dhe breakbulk terminabf BDPon a daily basisThe goal oBDP
is to handle good& a damagefree way and as efficiatly as possibleminding the safety rules and

processing thevastein an environmentally friendly way.

This thesis' objective is to advise the management of BDP on how to design a syategndemand
with supply. Tle answer to this questiois studiedoy conducting interview, a literature review, data
analysis, observations, and pgrforminga simulation.Conclusions are drafted in an advisory report
F2NJ .5t Q& Y y I ah8sxeBsivdirecommér@atidaRastiypEn budget,and planning.

1.3Research objectives
Thismaster thesis attempts to answer the following main research question:

What is the effect of a dynamidlocationsystem that connectghe work demandof incoming trucks

and supplof labor, on handling performanceat a breakbulkterminal?

A dynamic albcation systenmimpliesthe allocation of employees to the trucks, which varies in time,
based onthe foreseen workloadin order for BDP to respond to peaks without losing its efficiency, a
better way of aligning theemployees on thearriving trucks igequired. Using adynamic allocation
systemimplies linking thevork demandbeingthe incoming truckkto theemployees at the breakbulk
terminal. As a resultthe handling process of goodsoptimized. Thisrevised #location method is

evaluatedusingdifferent performance measures

To answer the main research questiapecific subquestionsare identified whichwill be addressed

and answeredhn this report.

l. What are the causes of congestion at terminaté®w is performance of the bakbulk
terminal compranised as a result of congestion?
Il What performance criteria are used to evata the effect of congestion on the

performance of the breakbulierminal?
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. What is the best way of optimizing the allocation process?
V. Where does the bottlenek occur in the termind process? What are the current

performance indicators

V. How should a terminal operator deal withe time-varyingworkload?
VI. How can BD® data be used to optimize the allocation process of handling breakbulk
cargo?

VII.  What is the best wy of simulating the mcess of handling trucks?
VIIl.  What is the best way to design and organize a dynamic allocation system?

IX. Whatisthe estimation of theresults ¢ a dynamic allocation system?

Research on this problem is relevant simeany companiesexperence the same hurdle§he need
for further research is therefore crucial as optimal solutions are not yet identi@ethsumers want
their products fasterwhich pressuredogistic companiesMoreover, this researcfills a gap in the
existing scientifidebate onbreakbulk teminalsand congestionOnly a few studies examine the
congestion problem and a solid solution is still not foulid.come to a solutiorexpertisein other
sectors could be usednd applied to the issues in breakbulk termindlsisty, De Jong(2019)
recommends further research into an optimal way of depigyemployees at the terminal.Taking

these arguments together, this research contributes to the existing scientific knowledge.

1.4Thesis outlie
Thismaster thesis casists of several chapters with subsecto@hapter 1 providesome background

information onthe subjectchosen. TheBDPcase isexplained as well aghe research objectives
Chapter Zovers an irdepth description othe problemBDP § facing which hys the foundation for
the remainder of this thesisChapter 3 continues with the literature review and theoretical
background. In this sectigtheory and knowledgeare used to get a better insighih how to optimize
the allocationproces and which paramters express the problem and measure the impact of the
changemost optimally Chapter 4 provides information about thesearch methodologynd in
Chapter 5the problem of congestion is represented by data of BBfier the extensie analysisa
reaktime forecasting model is designadChapter &o serve asnindicatorof the problem.In Chapter

7, a simulation modedf the truckprocesss presentedwhid is used to makerpdictions on the effect
of work allocations.After the extensive analysistesults are explainedin Chapter8, and the
implementation of a workload forecasting dashboaid discussed The focus is on summarizing,
analyzing,and presentig the main findings andesultsobtained by the analysid.astly,Chapter9
concludes the resultand offers an overview othe limitations and recommendations for ture

research
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Chapter 2 Problem Description

This chapter providea detailed description ofhe current problemat BDP.Section 2.1 explains the
different producttypeswhich BDP is storg and transshippingNext, Section 2 describes théerminal
layout, providinga basic understandingf how the terminal of BDPoperates Moreover, Section 23
evaluates and visualizes tippocessest the terminal Furthermore Section 24 discusses ta current
manpowerallocationmethod by explaining how the planning department is currerstheduling the
operational emplgees on objectsasks The next section describeghe differentIT-systems usedy
BDR in which the new allcation system should biategrated. Thefinal sectionevaluates the findings
of De Jong(2019)about congestion andrrival pattern The information in this chapter is gathered

from interviews,own observationsand internal companydata.

2.1 Product types of BDP
This research focuses @eventypes of breakbulk that BDP handles at thepedition &de of the

terminal. The expedition side is responsible fibe loading of breakbulk to truskEach employee
works with atablet, which is connectetb the IT systemUsingthe tablet, an employee indicates when
loading started, products are scannednd checks are carried outhis ensures thahe waiting time

of trucksis trackedin reaktime.

A brief description of each pduct type is provided &low. Refer to AppendiA for pictures of the
product types.

- Aluminum is a lightweight metaBDPtransships different aluminumThose who are seen in
this category are bundles ingots andbdrs.To load aluminum on a truck, atén forklift truck
is neeckd.

- Coils can be upo 1,500 mm wide. Coils are used in the automotive industry, but also for
packagingbuilding andconstruction. For coils 5ton forklift truck is needed. The coils at the
AWT must be handled with an overheadne with 425 tonsof lifting capacity.

- Extrusion Ingotghenceforth;E.l) are soft alloyed billets in diameters ranging from 152 to 405
mm and lengths from 400 to 8000 mm and alloy. E.I. is used in automotive, transportation,
buildingandconstruction,general engineering,ral electionics. To load E.I. on a truck, a heavy
16-ton forklift truck is needed.

- Primary Foundry Alloy (henceforth; PFA)s a primary aluminum. Alloys are produced as
continuous cast or mold cast ingots. The products are stackedst@apped into bundlesf
variows sizes. Application aread PFAare the automotive and transportation sector and

electrical applications. For PFA3- or 5-ton forklift truck is needed.
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- Sheesare made from aluminum anare thicker than foil but thinne than 6 mm. Sheets are
mostly wsed for printing plates, packaging, building, automatit@nsport and general
engineering. For sheetan8-ton forklift truck is neededThisspecialforklift truck can be used
for the loading and unloadingf sheets inand outcontainers.

- Wire rods ae a long steel seminished product manufactured by hot rolling billets on
continuous rolling mills. The diameter varies froth éam to 25 mm. Aluminum wire rod is a
raw material for highvoltage cable and wire producersrfelectricalapplicatons. For wire
rods, a 5or 8ton forklift truck is needed.

- Zinc is a metal used in many alloys. It is used in the production of plastics, paints, and even
rubber materials. BDP has different shapes and sizes of zinc stoitdwarehouses. For
examplezinc bundlesl A y O 2adedsc@ad.Malepends on the customer what kind of zinc

they prefer. For zina 5ton forklift truck is needed.

By distinguishing between the differetgpes ofbreakbulk, characteristics become cleahe ARWT
coils ae very feavy and must be moved witmaverheadcrane, while aluminum igansportedon a
pallet and moved with a forklift truckMore specificallythe equipment differs per product typand
not everyemployeecan drive every forklift truckAnoverview of the qalifications is given irigure4

in Chapter 2.4

2.2 Terminal layout
BDR & ( Sidfdvehsgd oh metal and aluminubut alsostorescontainers Theexpedition side of

the terminal is splitmto stationswhere each team is respaible fora selectiorof the producttypes

refer to Figurel. Thesevenproduct types discussed in the previous sectwa shown on this map
because this thesis focuses only the expeditim side of the terminalBDP hagour warehouses,
named Italy,Norway, Swissand AWT Each warehouse stores different produc&ome products,

especiallyE.l.and project cargpare storedoutside.

The layout of the terminal is designed2@15but change continuously Severafactorscontribute to

the design of tie terminal such as storage locatio@ertain product mustbe stored in a warehouse
whereas other products can be stored outsidelditionally some productamustbe stored dryin the
AWT, sud as coilsAnother cortributor to the terminal layout isagreements with customersSome
customers havdongterm rental agreements for a warehouse, while other warehouses are freely
rentable Alsq the dependere of cargo on thd&Rollon/Rdl-off (hencefath; RoR9 ramp shouldbe
considered Taking these factorinto consideration, the layout of the terminal is constantly re

evaluated and revised.
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Figurel - Map of the BDRerminal, May 2020

Before the start ofa shift, eachemployeeis assigned ta particular product groupor customer
Additionally eachemployeeperformsa specifigob function, which is further explained in Chapter 2.4.
The employeeis responsible for thisoc- £ f SR W & thd-efidid Zhy SNift. Eahémiployeeis only
focused on its wn businesand cooperabn with other stationsdo not occur Employees rarely help

out at another statiorif they have some time between incoming trucks, leading to unnecessary waiting
times at peak hourat certain stéions. It is not uncommn thatemployees are very busy, whereas
other employees at another station are waitingn hourfor anewincomingtruck. The fixed allocation

of employees at a station isherefore not optimal.

2.3 Processest the terminal
Thejourney of a truck at theterminal is displayed ifigure2. Most of the administrativeéasksat the

BDP terminal are digitalized. A truck arrives at the terminal higtpassportrequired papework and

reference nunber. At the front desk the desk staff uses the reference number to determimaich

products are picked up or drogped off. After processingcustoms documentsand checking the

passport, the truck driver receives therk order, voucherand daim form, after which he driver can

drive to the designated place to unload or load its cargo. At the assigadihgor unloadinglocation,

an employeeis stationed with his tablet tqprepare the breakbulkLoading cargo is often done with

two or three people one drivesthe forklift trucks andloads the cargo in the trucksand the other

(called the controlley enters the information on the tableEvery producttyp@d g+ & 2F KI Yy Rf
unique. When the truck is loaded, the trucker is directed to tlhshing zone tsecure its cargoo

minimize shifting. The type of security (if any) depends on the product fiyp@voidcongestion in the
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warehousesthe trucker must secure its cargo at the specially designated lashingwitimepace for

15 trucks At this site, @ employeeconfirms thatthe cargo is secured correctly and takes pictures to
prove correct loading and securingfter reattaching the truckQ sides and top, the trucker drives to
the gateout, wherepermission is requested to leave the temal. A final chck isperformedto verify

that the truck has unloaded or loaded the correct item.

=8 €4 o=

Arriving Front Gate-in Loading/ Lashing Gate-out Leaving
: truck
truck desk unloading

Figure2 - Thejourneyof handling a truck

In 2018, he management decidetb use time slots for some customers émforce certain arrival
times. More specificallycusibmers can choose an available timeslot when registering in advamce
ensurea better distribution of arrivals. The slots are 6835, 8:4510:45, 10:4512:45, 12:4514:30,
14:3015:15and15:1516:45. However, pealgtill arisewithin these timeslotsMoreover, trucks were
not always arriving at thepecifiedtimeslot, which again led to congestion. BDP does not check
whether trucks arrive within the time slosince the timeslots aremainly installed tomotivate
cugomers to arrive at a specific momenBDP has agreed with its customers tkia time between

the arrival of the truck and the loading of the truck cannot exceed 120 mintiesce, the time that
elapses until a trucker leaves the terminal is not includ&@i20 minutesare exceededBDP muspay

a claim. However, when a truck did not arrive at the given timeslot, BDIpag#l orthe fine to the

customer or transport company.

2.4 Scheduling operational employees
On average80 people are working at thBDPterminal on a daily basisThese oprationalemployees

arespread over theéerminaland thetwo shifts. The dayshift is from 7:00 until 15:15, andnfghtshift
is from 1500 until 2345. Besides trucksships andail wagons also arrive at the BDP meinal during
the day Compared to thadayshift, only half of themployees are needed across the entire terminal

during the nightshift.

This resl NJibkU€is on the landside of the terminal and only the expediti@a Containersire not
consideredas well as thetrain wagons The landsideof the terminal is open until 15:0@xcept for
someexceptions made fospecial customersvhocan arrive untill7:00.Approximately 15 employees
are required tohandle all seven product types during the dayshift pndp These emfpyees are

divided overthe terminal and the different product type€nly two or three employees carry out the
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afternoon shift from 1500 until 17:00 for the entire terminal as the frequency of incoming trucks is

much lower.

Figure 3 shows the organizainal chart of BDP.HE assistant manager operations support the
operations managein monitoring, reporting, and setting ulwng-term plans. The four shift leaders
are responsible for the whole terminal, whereas swigors are thdeader of a team of opational

employees.tlis the task of theshift leadergdo oversee and supervise the various supervisors

Manager
Cperations

Assistant
Manager
Operations

Shift leader {4

Supervisor Supervisor

Operational Operational Dperational Operational
employees such employees such employees such employees such
a5 VT, KR, CO as T, KR, CO a5 VT, KR, CO as VT, KR, CO

Figure3 - Organizational chart

There ardifferent job names in theoperatioral team:

SL - Shift kader(monitoring, contolling, ensuring theeverything runs smoothly)
TZH - Supervisofleader of a teah

(6{0) - Controller(controlling loaded cargo)

KR - Crane(drivingand operatinghe crane)

KR AWT - Crane AWTdrivingand operatinghe crane athe AWY

TT - Terminaltractor, also called RoRo or terminal truck (moving trailers)
RST - Reach stackgtransporting containers with a reach stacker

Empty handler- Amachine that can handle empty containdédsiving the machine)
ZNT - Heavyforklift truck (driving the +@-ton forklift truck)

VT - Forklifttruck (drivinga different kind offorkilift trucks)

Loco - Locomotive tractopullingwagons by ra)l

DK - In Dutch: Dekgast (theam leadeof boatemployees)

ST - Stevedorgworking at adock to load and unloashipg
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LA - Lasher(controlling if the cargo in the trucks is secured)

Uitblok - (Securingargowith blocksin ships or containerso the cargo stays in place)

Everyemployeehas different qualitiescompetencesand certificdes. Most of theemployees can be
deployed on various objects or can perform varigab functions. An overview is given in the
qualificationmatrix in Figure4. The namesare anonymizedor privacy reasons. With thioverview,
the planning department kows preciselywho is authorized tgerform which taskThe shifieaderis

not shown in this matrix because he does not perfaperational taskéimself

& o 5
E g § =L = LEGENDA
BT = o
Expedition 5 £ = = (52| g W cenficate
Tlo|s | : 2 & E 2y | =R E =3 & E Certificate expired
Flols|x |« |Flald Sls|s5|w|3/5/5 | 4[S[3|<|d Walid certificate, but not in possession
1 |Person 1 X X[ X XX | X[ X[ X X Certificate nat in possession, also expired
2 |Person 2 X K| K Intemally authorized
3 |Person 3 Im trzining
4 |Person 4 X X X | X X[ II::\lt:IL,lc:atet:l, mst I’:ﬂaue experience
5 |Person 5 X X | x X X x| X X X 2, not et rate
6 |Person 6 ¥ X ¥ [ x| x ’ % x| x| x| x| x[x X I ADRELE Cenificate
7 |Person 7
§ |Person 8 X XX XX
9 |Person 8 X X [ X x| X | B
10[Person 10 X [ x [ x ® | X X
11|Person 11 XX [X[X X | X X[ X[ X
12|Person 12 X XX X
13[Person 13 B <[ x[x | B
14|Person 14 X X| X X X
15|Person 15 K| X XX X | X X X[ X
16|Person 16 X XX X | X X
Total 3 g 0 3 5 9 B 1 11 12 3 6 12 10 2 3 0 0 1 2 @

Figure4 - Qualification matrix

Fa everystation, a certain amount ojob functionsis needed.The specific number e&mployees per
objectisdeterminedusingcertain graduated scalesalled assumptions. For example, for customer A,
the average tons per truck is 23,9%&Ind the assumptia is thatup to 20 trucks, one contréér and

two people who drive thdorklift trucks are needed. These assumptions are aligned and agreed with

the customer as they purchaseantinuousservice from BDP.

The planning department schedulpsople and matgals onthe various objectsone day in advance
An object could be a customgproduct type or a specificactivity. While theareasto be considered

are the land and watersidethis thesis onljocuses orthe landside.

Trucks arrive on behalf of the stomer, so theefore theplanning is bsed on customer demand. Every
day, the Customer Service §idhenceforth;CSD) communicates the regied trucks for the next day
to the planning departmentOn average80% of all the trucks are registered in adv@noeaning that
the customerhasnotified BDP of the arrival of a truck on a particular mom@his is also known as a

pre-registration.

When CSD makes the right prediction of the arriving trucks on a particular day, the planning

departmentis responsibldor allocatingemployees tahe variaus objectsThe exact time required per

MASTER THESIS SARA BARROS DAS NH



20

action is recorded with a scalled scratch letterAfter ashift is overthe supervisors collect the scratch
letters. The documents arpassed on to the planning departmeotreport the realizedhoursof effort

per customer.This administrative process has not yet been automated

The planning department schedulesployees of BDRn such a way that all trucks can be handled in
off-peak hoursin addition BDP deplaytemporaryemployees. On average BDP targets thhave20%

of the manhourscovered bytemporary employees tbe ableto handle the peak moment8DP hirs
temporaryemployeesto ensureflexibility. The planning department informs the employment agency
of how many peple are neededor the nightshift andhe next daghift. Small groups are needed for
the landside, so the preliminary planning is checked every day at 1THgOconclusion can be drawn
that labor deploymenis flexiblea day in advance. However, duringtaft, the laba input is relatively
fixed sincdhe allocation is not dynamic. The plang department will not interrupt after the planning

is made one day in advandémployes are not assigned to an arriving truck or allocated to another
place but arewaiting at ther station for a truck @ come.As previously mentionedhis results in

inefficient work shifts of terminal handlingmployees.

It isexpected thatespecially the temporargmployees have n@wommitment tothe company and are
therefore not Igyal (De Cuper & De Witte, 2006)For example, thesemployees are not willing to
helpeach otherand lack proactivityAfew factors lead to lower motivation: low levels of commitment,
low tolerance for perceived inequity coraped to permanat employees, relativgl low age and
tenure (Foote & Folta, 2002.ow motivation leads to reduced productivitiowever, managersom
BDPargue that there is hardly any difference between the hiegdl own employees when it omes

to loyalty.BDP igacing tre issue of low productivity and sponsibility for some time with temporary
employees as well as theemployees. Employes do not feel connected to the comparwhich leads

to employess acting very individdistic and notcaring about the greatregood.

25I1T Systems
Many processes at the BDP terminal are digitalizBBP uses different ITystems, which will be

discussed in this subchapter.

Global Logistic Systefhenceforth; GLSVersion 04.27)s a bacloffice systemthat offers logistic
sewices. This system is used BDP to process transactions, generate work orders, and keep track of
inventory.The systemallows oneto see all current activities at the terminal and their statB®P has
used GLSince2012 which mens thatmuchdata is gthered during these eightears.The company
calledIT partneris the owner of GLS bdbesnot offer this backoffice system anymore. BDP aims to

applya new terminal operating system in two years that is more cahpnsive and eser to use.
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Howevae, they are still in the eXpratory phaseso this will take a while befora new IT system is

implemented

Mendix (Version7.13.]) is a lowcode software platfornthat provides tools to build and implement
applications.The applicatiorfor BDP contains sealtime and historic dadboard for reporting so
managers have insightstinthe realime performance. The clean user interface provides a clear
overview of the status of ships or trucks which need to be loaded obeirgy loadedSecifically, the
current vessels are displayed and how much is unloaded is reported, as wellmstiber of damages.
For the landside, the platform reports the number of trucks that are loaded and overdue, as well as
the number of trucksdr arriving, wéting, loading, andyateout, and the average time for those
processesHowever, no waiting time ds been reportedMendix is linked to GLS with an Electronic
Data Interchange connectiohgnceforth; EDland displays the data from GLS imare interpreteble

and insightfulmanner. As been discussed earliemployees usetablets to scan the productgheck

off tasks,take pictures and obtain information. Tis datais passed on to GLS via Mendix so thht

informationis up to date.

2.6 Cangestion andarrival pattern

Asmentionedin the introduction of this chapter, it ismportantto considerearlier findings obe Jong
(2019) The center of attention of hithesiswasthe truck turnaround tine. The eficiency of thesupply
chain is undr pressire because of the irregular truck arrivals at the terminal. The cause of traffic
congestion at the terminal is that trucks arrive at peak hours. De (&i¥i®)found that a pealn truck
arrivals leads to longeurnaround time, decreasingperational performancdt isalsodiscoveredthat
multiple peaks arise at the terminaine at7:00 andone between 11:0013:00.According toDe Jong
(2019) the first peak is caused biyucks that unload their cargo the day befaadareready to load
their trucks agairn the morning Another reasoffior the first peak is trucks that unload their cargo at
distantdestinations.They want to arrive as earhs possible athe terminalto deliver their cargo in
time. The cause of the second peaklthie increasing number of trucks that unloaded their cargo at
another terminal in the morningThe varyingdistribution during the day isisualizedin Figure5.

However,the exact location of congestion at the terminal remains unknownt digfers per product

type.
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Truck arrival pattern in 2018

Number of trucks per time
window
'

Truck arrivals Truck departures

Figure5 - Truck arrival pattern in 2018 (De Jong, 2019)

Congestion can arisat various places onthe terminal. First a queue can occur at the front desk
however, it shifts to the gatesincethis processloes not take longTruckeranustwait at the gateuntil
an employee is availabl&gain, the handling timér this processs short Thereal problem aises at
the different warehouses where trucks wait to be loaded. Long quenesrgehere, which means that

the entire terminal is filled with trucks.

Because of the imbalance between supply and demand, semeloyees are underutilizedvhile
others ae overutilized; tls differs pempoint of timeand per stationThe unproductivitypressurethe
profit margins. Another effect of the imbalance between sypphd demand is overtime charges for
employees who did not finish their work onrtie. When the siit is officially exded, employees still
need to handldhe remainingtrucksthat are in the queue and arrived just before 15:8{mwever, the
main impact of he misfit between supply and demand is thereasingwaiting time of trucks.
Congstion compromsesthe servicedeliveredto the customers SnceA i A &goal t& se@dis
customers as good arakfast as possibleit is necessary to address thigblem In Chapter 5, data
of 2019 and 2020 will be analyzed to see if the truckvatpattern ofDe Jong2019)is in line with the
actual pattern Moreover, waiting times are analyzed during the gayd it is examied whether there

is a difference in product type, day of the week quarter.

To canclude,the curent process of hadling goods is static. People afwklift trucks are scheduled
day in advancen various objects. Thiadicatesthat labor is fixedduring a shift whilevorkloadis
variable. Thavorkload varies due to the varying distution of ariival of trucks durig the day. fiere
is an imbalance between supply and demdmegause the allocation @mployees is not dynamic. This
leads to the folloving threeissues congestion at peak hoursvhich resulted in long waiting times,
overtime charges fa employees, and lastly, non-productive employees, which put pressure on
margins.This answersub-questionl. The following chaptergocus on howo optimizethe allocation

system to ensure that the productivity loss of inefficiemiployees is resolved.
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Chapter d.iteratue Review and theoretical background

This section coverthe relevant literatureregarding beakbulk terminals, congestion, simulation and
solutions at comparable terminal¥he first sectiordiscusseshe layout ofa breakbulk terminal and
the differencewith a container terminal. S#ion 3.2 explainsthe problem of congestiorand the
consequencesMoreover,Section 3.3rovides an overview dfow to optimize the allocation process
at terminals. Empirical studiegogetherwith theoretical models describethe best way how taleal
with congestion at terminals and othéousinesssectors Then Sction 3.4 highlights various
performance indicatorso determine how to optimize the allocation proces$he last section

scrutinizsthe use of Bnulation andits usefulness in optimizing terminal processes

3.1 Breakbulk terminalsompared tocontainer terminals
Little research existsn breakbulk terminal&s most breakbulk terminals are a bit outdated and have

hardly changed simcthe 1960gMartin & Thomas, 2001)0n the othethand, container terminals are
guite modern New technologies and innovations are much moognmon incontainer terminals.
Breakbulk is defined as shipping goods in bags, bpkesked in cartos or pallets, ingad of in
standardized containeré / 2 6 | NJ g  5B3edkbiNkbvasHttre mpsb common form of cargo for
most of history. However, since the late 196@ke volume of breakbulk cargo has deelh
dramatically worldwide as contmerization has grown(Rowbotham, 2015) Consequently,
containerization hasransformed breakbulk operationdlartin & Thomas, 201). Container shipping
has contribted significanly to international trade in the past decade$ / 26 NJ 3 5SYANE
Containerizationhas a significanteffect onthe port structure and port operatiorwith intermodal
transportation systems, as it changes the dynamics of a container(idastut,1981) The volume of
transported containers is rising as a resultgdbbalization, therequirement to reposition empty
containers and the substitution of breakbulk goods into containdRodrigue, 2016)However,

recentlya growing voice of deglobalizatiaghrough increasing protectionisimccurred

In terms of variableasts, breakbulk is the most expensive shipping métieveverthe fixed costs of
containersarehigherd / 2 6  NJ g  SAghiild\cBss arerhigherwithin container transpgrand
the distance elasticity is lowdhan with breakbulkDue to thisjt ismore costeffective for container

operators when transporting longer digices6 / 261 NJ 9 5SYANE HAamy O

Furthermore, the layout of container terminailsusuallymore standardizedand efficient There are
only a few containetypeswith similar transshipping methods and equipmeRésides that, comtiners
caneasily be stacked at the terminathich is more difficult with breakbulklhis makes container
terminals more efficient. The different sizes of breakbulk per product type make it oi@ienging

to usethe spaceat the terminaloptimally.
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As a resultof the standardizationthe level of automation and digitalization differs significantly
between breakbulk and containgerminals Especially in large ports, emerging digital technologies
are used to handle containers more efficien(dnwar, 2019) For exam, Blockchain, Internet of
Things, Artificial Intelligenceand CloudComputing are new technologies in the container terminal.
Many papers explain these technologies and itheffects (Anwar, 2019; Gekara & Thanh Nguyen
2018) Container terminals could much easier be automated or digitalized instead of breakbulk
terminals since much more precisi@nd flexibilityis neededto handle the different breakbulk
Breakbulk ceyo is less efficient to transport than conteirs since ngtandardizegallets are used for
breakbulk because the product types differ too muckach product has its unique storage and
transportation method and the dimensions of the pallets differ pestomer and per productSome
breakbulk is transported on pallets, but others uéegerQA picture ofRegerfunder coils is included

in Appendix BPallets are used to move and store produsiteplerby aforklift truck. Especially in the
intermodal transport chainthe use of pdetsis very efficienbecause of its uniformity in the supply
chain Burdziket al. (2014)examined the impact of processes handling efficiency on the transport

processes. The use of pallétone of themain contribubrs tohandling efficiency.

Container carriers arasuallylarger than the more classical breakbulk shigss containers can easily
be stacked compared to breakbulk cafy@mn Hee & Wijbrands, 1998he variations ithe breakbulk
sizemake it challenging to use th&paceon a shipoptimally. Weight is often the determining and
limiting factor for breakbulk cargén example is a cathat can weight 36,000 kgvhichdoes noffit

in a containerHen® not all breakbulks containerized.

Lastly, breakbulk portsnust transship different packagesvhich takes much more time than
containers, where handling is the same for all containers. Different resources and equipment are
needed to handldreakbulkcargo which means that it is much more labimtensive than a container
terminal. Moreover, breakbulk cargo has a higher risk of getting damaged or stolen and constitutes a
very timeconsuming processompared tohandling container§Rowbotham, 2015)The longer

loading timecan cause congestion.

Despite the differences between a breakbulk and container termithed literature about container
terminals is stilkelevantfor this thesisasthe general processes and layout are g@me.The supply
chain of an incoming truck, the waitingnd handling time is the same. However, the exact actions are

different. Breakbulk is much mommplicated which makes the solution a bit more difficult.
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3.2 Congestioat terminals
Muchresearch has beertonducted regardinghe consequences dmbalancel supply and demand;

congestion.The Cambridge Dictionafgd)explained congestion as a situatianth too much traffic

and difficult movement Congestion is alobal problem and not only on public roads. Because of
further containerization and globalization, the increase in international trade is not expected to stop
in the coming yeardResearclalso argud that due toincreaseccontainer transport, the increaswill

lead to even more congestion at termingl&/u et al., 2017; Wan et al., 2013)

Queues at the terminal create waiting time and delays in delivering products to the cust{(Bzesd
& Larsen, 2016)he service time mustdimited to minimizecosts for shipping lingé.ai & Shih, 1992)
Costs magmergefrom penaliesor clains to be paid when &ruck exceededhe maximum waiting
time. As a result of congestiorgustomersmay becomeunsatisfiedand switch to another terminal

with a better reputationto transship their goods.

Another effect of congestion is air pollutio/atanabe(2003)investigatal the environmental impact
of atruck waiting at tle port entrance gate. He argukthat no governmental regulation exsabout
air pollution at terminals(Watanabe, 2003)These engines of trucks idling in the quecause
significant emissiongkven thoughhere are no strict regulationstakeholders have more interest in
emissions and the impact on the environmeateating more pressure on the terminalsdontainair

pollution (Sharif et al., 2011)

Utilization during the day is either low or high duepeak hourgDekker et al., 2013Yhe workload
of employees at the terminal is therefore, very variable andhereby harmsproductivity. At some
moments,employeesare not occupiedwhereas their workload is very higim other momentsThere
could bea lack of service towards the truclkeeduring rush hoursbecause they are not helped

immediately andnustwait.

High pressure on terminal systems and equipmeantlead to afailure in the systemThe breakdown
can lead to more delays andigues in the proces@ekker et al., 2013A bottleneckcould have a
significantimpact ona terminal because all processes deenporarily stopped The efficiency of the

terminal system ishen limited (Chen et al., 2013)

A queue at the terminal can nohly exist at the gate but also at a stati@@uan & Liu, 2009)imited
gate capacity leads to congestiaha terminal.However,other research confirrad that during peak
hours the handling capacity is under pressuwnéhich leads to queues at loading pla¢Bekker et al.,
2013).
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From the perspective of the trucker or customer, thig time of a trucker increase when queues occur.
Delayscouldlead todifficultiesin making scedules for truckers and prodecs (Dekker et al., 2013)
The turnaround times of truckers who \islie terminalsaffects not only the truckers but the entire
supply chainlt alsoprovidesmuchuncertainty for customes because more processgshand in hand
with transporting a product from A to @ekker et al., 2013 he bottleneck in the handlingrocess
could, therefore, lead to high turnaround timesDe Jon@ & ¥ A(30EO)cyhfirad a relationship
between the truck turnaround time and the number of trucks at the loading prodéss.implies that

apeak leadto longer truckturnaroundtime.

Based on the abovementioned studj@eme canconclude that several factors influencengestion. It
isessentiako distinguishbetweenfactorsthat are controllable and those that are ndfloreover, the
supply of trucks ad the allocation of truckshroughout the day is not fullgontrollableby a terminal
operator. Solutions such as gasppointment systera or time windowscould influencecongestion

but research about De Joii@019)concluded that it does not solve the problem optimaiyuan & Liu,
2009; @en et al., 2013)Therewill always be peaks due to external factors and because the supply
chain consists of different parties with different interes@Shapter 3.3further elaborates on the

congestion problem and how to optimize the allocation process

3.3 Optimizing the allocation process
The previoussection discussethe well-known problem of congestiorat terminals The biggest

contributor to congestion is the misfit between treupply and demandt a terminal.At peak hours,
more truckers arrivethan the employees can handleThe terminal is verynvolved with a variety of
operations,requiringavastnumber of resources to interadDptimizirg human resources is essential
espeially in systems with a low level of automation, such as a breakbulk terifiaatello et al.,

2011)

Shuklaet al. (2013)sophisticatedly explainetow problems in schedulingre due to the stochastic
nature of the poblem, as well as the size and complex@yochastic meana randomly determined
process that may not be predicted precisetyich as estomer demand.Shukla et al(2013)also
highlighted the importance of this demandn the timing of delivery. Gambardekd al. (1998)have
shown how optimization and simulation can be used to solve resource allocation problemstiddloca
resourcesat the terminals and scheduling loading and unlimadoperations are major problems in an
intermodal (container) termingZaffalon et al., 1998)They used simulation to test and evaluate the
management policies. Besides the net profit agmbts, the simulator also assesses the resource

utilization and ongestion at the terminal.
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BartzBeielsteinet al. (2006)also describd the problem d allocationbut discussgoods with a total
weight under three tons (lesthan-truckload). They extended the model of Bermuagzl (2001)
where they used a genetic algorithm to minimize total weighted travel distance. With their research
they aim atminimiangthe transportation volume inside the terminal and reduce the waiting times for

trucksbetween arrival at the terminal and the moment they are assigned to a gate.

Earlier research clearly describbow Japanese ports have substantyahigher costs because of a
relativdy lower handling volume compared to the terminal capadityai et al, 2003) Thismbalance
results in inefficient use of the existing capacltyai et alQ @003)solutionis amulti-user container
terminal where berth allocation is optimized. However, this article takes the serviodty in its

objective function

Other research ugethe first-comedfirst-service strategy for incoming ships and conss@erival time

a key factor for the allocation stratedyai & Shih, 1992The allocation procedure iseeded to assign
the available resources. In their mod#ige service rate varies at the different berthshichthey did
not take into account. Té authors studed different allocation policies andheir impact on
performance measures. Laext al. (2010)alsostudied the berthallocation problem to minimize the
total flow time. Additionally,Legato & MonacQ €004)study faced a complex resource allocation
problem.Kallelet al. (2019)stated that this is one of the mostitical operational problems in seaport
terminals. However, the papers talk about vessels and the waterside of the ternimakhesis

revolves aroundninimizngthe total waiting tme and reduce congestion in ports.

Anotherresearchby Froylancet al. (2008)studied the optimization of the landside of the terminal.
They used a threstage algorithm to solve the planning problem. However, thieaesh is about an

automated containeterminal.

Research confirmetthat online policies to allocate incoming trucks reduce the rhaars neededqYu
et al., 2008) This policy takes all actual data into accounttakedoor allocationdecisons. By using
simulation, they claim that thenan-hours can be reduced by over 208though this research is about
a door allocation at an IC(Intermediate Consolidation Terminalthe concept itself may still be

applicable to the breakbulk terminal

Little researchexists onthe allocation ofemployees at the terminal instead of equipmerfancello et
al. (2011)optimizedemployeeallocation based oh A a I (30@8¥@timization model fothe optimal
allocation of drivers at a terminalThe optimization reducedperating costs whilemaximizing
efficiency.Unless his research was about the waterside of the termjnlis still relevant for this
research Other research developed a human resmialocationmodelin atransshipmenterminal
(Legato & Monaco, 2004)
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Di Francescet al. (2015) investigated the human resource allocation problem and solved it by
designingshort and long-term planning. The experiment sh@a that personnel shortfalls could be

reduced withmorelong-term planning.

Solutions for the congestion problem are mainly tactical and based on increasing capaciymBeal
forecasting as the solution is hardlyentioned inthe existingliterature. Besides research at terminals
studying other sectors that face allocation problems may help in finding the optimal solution for
terminals. A call center israexcellentexample of a capacity allocation wiélrandom workloadand a
random and norstationary arrival ratg Avramidis et al., 2004; Shen & Huang, 2008)e keynote
according tahe article is to have a flexible workforce allowifgr a decrease in total operating cest
(Liao et al., 2012)The staffing prblem ofthe call centeR & & (i | F T wag@oddleBsafcdsty
optimizationbased newsbhoyype model.Thismathematical models usedn operations management

to determine optimal inventory level§he methods can be compared because the principle of the
proces is the samgarrival rates are uncertajrand labor costs at call centers represergignificant

part of the total costgLiao et al., 2009 Emails are seen as side tasks treated by the remaining agents
(Liao et al., 2012At callcenters, forecastings used to manage the workfor¢®otta et al., 2013)

However, processes are more digitalized and standardized compared to a breakbulk terminal.

3.4 Performance criteria

Several performance measures of interast examined durig the changes in the altation process.

Based on interviews and literature, tlleree best criteria are chosen.

Performance criteria are the expression of what is to be meabkanel why(Gharajedaghi, 2011}t is
astandard by which performance isauatedandisa selection of action variablgkat aims to define
some or all aspects of performancelughes & Bartlett(2002) explaired it very clearby giving
examplesFor examplea soccer player's performance indiors are the number of shots, passes, or

passing accuracirRelevance is the mostiticalfactor in selecting the best performance variables

Due toincreasedcompetition, firmsare forcedto improve their performanceThis alscapplies to
ports. Ports & generally measured by comparing the throughgtte United Nation§1976)defined
both financialand operational indicators. Examples of financial indicators are revemu®lume of
the cargoExamples of operationaidicators are arvice time arrival rate andwaiting time which are
more important for BDP. These indicators are used to control operations and impioyeamparing
performanceqUnited Nations, 1976)These performanceadicatorsaid companiesn distinguisting
themselves. In annual reports, most of the indicators are umedhow the performance of the

company.
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Terminal performance indicators adkscussed in scieffitc research. However, as discussed before
most ofthe researctfocuseson container terminals anthe terminalseasideln Tablel, a summary
isprovided d the different performance indicators used in literaturBhe performance indicators are

written in a generakense. However, there are many different ways of hfmw example throughput

is measurd.

Tablel - Performance measuseat terminals

Performance indicator

Source

(Labor)costs

(Dekker et al., 2013)
(Fancello et al., 2011)

Compugtion time

(Chen et al., 2013)

Container dwell time

(Liu et al., 2002)

Emissions

(Dekker et al., 2013)

Gate processing time

(Guan, 2009)

Handling operations time

(Arango et al., 2011)

Idle rate of equipment

(Liu et al., 2002)

Loaded trips (fractionfdrips on which a container is
transported)

(Dekker et al., 2013)

Net profit (Gambardella et al., 1998)
Number of operations per hour (Froyland et al., 2008)
Productivity (Fancello et al., 2011)
Quality (Chen et al., 2013)

Queue length

(Guan, 2009)
(Guha & Walton, 1994)
(Zaffalon et al., 1998)

Service time (Saeed & Larsen, 2016)
(Arango et al., 2011)
Throughput (Liu et al., 2002)

(Tongzon, 1995)

Truck operating the

(Nossack & Pesch, 2013)

Turnraround time/process time/time to move a
container/systentime/completion time

(Liu et al., 2002)
(Saeed & Larsen, 2016)
(Guan, 2009)

(Guha &Walton, 1994)
(zaffalon et al., 1998)
(Lai & Shih, 1992)

(Kim et al, 2003)

(Sharif et al., 2011)

Turnover

(Froyland et al., 2008)

Utilizationrate (per hour/per carrier/per berth)

(Dekker et al., 2013)
(Guan, 2009)

(Guha & Walton, 1994)
(Froyland et al., 2008)
(Lai & Shih, 1992)

(Liu et al., 2002)

Waiting time

(Sharif et al., 2011)
(Saeed & Larsen, 2016)
(Guan, 2009)

(Guha & Walton, 1994)
(Froyland et al., 2008)
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(Lai & Shih, 1992)
(Arango et al.2011)
(Gambardella et al., 1998)
Yard crane performance (Gambardella et al., 1998)
(Source: Compiled by author)

Based on the literature andn interview with the manager operationsf BDR the following

performance indicatorare chosen; waiting time, utilization rate, and costs.

Waiting time

This performance indicator evidentsince the goal of BDP is to reduce th&\ Hz@djtiag@mes Guan
(2009)used this indicator aswell. In particular, the relationship between gate processing time and
truck waiting time is revealeddowever,in the case of BDRhe idea of different stations rather than
gates is stdied. Waiting time can occur in differeplaces (refer to Chapter.4). Forthe purpose of

this research the focuslies onreducing the waiting time before loadirgince this has substantial
impact on the turnaround timg-urthermore there are differat waysof measuingwaiting timg such
asaverage waiting time, maximumiaiting time ora percentagef trucks waiting more than x hours.
Using averages may not always give a clear picture due to many oullieiadication of peaks and
outliers is viddle by using a percentile. With a percentile, it can be calculated how much percent of the

trucksare waiting for more thanx minutes.

Utilization rate

The utilization rataés the amount of time thaequipment,employess, or statiors areactive instead of
inactive Liu et al.(2002) used a percent of time the gate is serving the incoming and outgoing
containersat the utilization indicator For BDP, the utilization rate of resources are calculdB&P
finds itimportantthat stationsare optimally utilized. Now, it often happens thehployee sometimes
wait for hours for the next truck while anothemployeeis verybusy,and queues ariseTherefore, a

~

reasonablautilization rateisoneof 5t Qa. A2 f a

Costs

All performance measures discussed above alimately related to costsFancello et al(2011)also
useal labor costs as a performance criteria fauman resources allocatio®DP hopes thatvith a
dynamic allocation process, fewemployees should be scheduled every day. When ewanployee
is fully deployed, they expetd perform the same amount of work witlew people. This will lead to

acost reduction in the future. The other cost savings are the savings on overtime chadyesiars.
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3.5 Simulation
Smulation is one of the methods of analyzing datad giving advice on decisions simulation is an

imitation of the operation of a preess.Process simulatiors the right way for managers to make
decisions based on real dat8imulation models have proven to be convenient and reliable ways to
support decisiormakers (Gambardella et al., 1998)With simulation models, thevalidity of
management policies can be testexlich as resource allocatioArango et al(2011)argual that a

simulation is a valuable togtspecially in allocatg resources in ports.

A review provides an overview tfe literature available on simulation models in the port sector.
review of simulation models in port ahcontainer terminals found out that simulation increasingly
favoredthe development of porteind container terminal{Dragovd et al., 2017)Most ofthe papers
have the container terminal as the application area for simulation models. Onlyo ¥ papersare
about bulk operationgDragovb et al., 2017) Discreteevent simulation is one of the most popular

techniques in pdroperationsmodeling

Different parameters could be changed to see the actual impact on outcddedgeret al.(2013) for
example tested the effect ofa chassis terminain the waiting times, whereasue(1999)showed the

effect of different kindg of layouts of a terminal to the expected costisgives the terminal manager

a good overview of designing a terminal and the corresponding costs. As a result, it is easier for the
management teamto make decisionsAdditionally,simulation can beused to @timize terminal

processes.

Many researchers study simulation. For instarfeseango et al(2011)faced a bottleneck because of a
limited lock forsmall ships. With an optimization model for berth management, the port performance
will be improved. Their research concluded that a simulation is a valuable tool with great potential in
resource allocation in gts. Moreover, Zhen (2016) investigated the yard template planning for

arriving vessels. Besides simulation, me&aristic was used to solve the model.

A few papers focus on the port simulation for bulk cargo operatifias example, Park & Ng¢h987)

usead a port simulation model to simulate the future port capacity. They also atthe this method

can easily detect problenandis anexcellentway to assess benefitand effectiveness of operational
configurations A case stdy by Guimaraes & Kingsmé&t989)in a grain terminal in Portugalvaluated

the impact on annual costs and shortage levels by changigp@ameters, using aimulation
optimization model More recent researchilesigneda simulation metamodel to perform a cost
analysis and the robustness is tested by changing parameters to see the impact on performance

indicators(Cigolini et al., 2013)
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Tosum up this chapter revieesrecent and relevant literaturéo answerdifferent sub-questions. First,

it is evident that littleresearch has been doran breakbulk terminalsas thefocus ofthe literature is

on container terminals. Similarities and fdifences between container and breakbulk terminats
analyzed to conclude that bakbulk products are more labor atithe intensive Improvements in
breakbulk terminals are moromplicatedthan in container terminals because handling the breakbulk
is different per productHowever,studiesabout container terminalsre still relevantfor this thesis.
Second, the imbalance between supply and demand csamgestion at terminald’he consegences

of congestiorsuggest that it imecessary to optimize the processes to accommodate the paetkesr,

for instance by using properallocatian system Thisanswerssub-questiors | andll. Besides research
about terminalsalso other sectaare faéng the allocation problenilhe theory in this chapter is used
to design an allocation system in the following chaptditse secalled performanceriteria are used

to measure the outcomes of different allocation methodlitimately, the three best perforance
criteria(waiting time, costsand utility)are chosenwhich answersub-question llLastly the literature
about simulationis discussedan excellentmethod of imitating reality with data. Especially in the
allocation process, simulation is a valuable tddie execution of the simulation will be discussed in
Chapter8.

MASTER THESIS SARA BARROS DAS NH



33

Chapter Research Methodology

This thesisaimsto improve the resoure allocationprocessin the terminal of BDP and contribute to
existingscientific research. Thebjectiveis to map the current process of handling breakbulk and
examinebottlenecksto come up with recommendations on how to improtlee processThischapier
discussethe methodology and research methottsat aid in developing this recommendatidbection
4.1 describes the type of research usedd theresearchdesign Moreover,Section 4.2xplainshow
dataisretrieved andutilized in tis researchafter which Sectiond4.3 discusseslata cleaningFinally,

the last section describes the simulation analysis

4.1 Research design

This academicresearch is practiceriented through the inclusion of gractical element in the
methodology where knowledge creatd contributes to the professional practiceA descriptive
research design is used to gathenalyzeand present datdao comprehendhe actual problemMore
specificaly, adescriptive study is designed to describe the distribution of one or more vasiable
without a causal hypothesi®\ggarwal & Ranganathan, 2018)subtypeof a descriptive studis the
descriptive casatudy, which is anethod for indepth study Existingtheory is used tg@et an enhanced
knowledgeof allocation processesThe type of research is secondary since dadleetlectthe datg and

data is made available for own research.

Case studiesequire theuse of different types of data collectignboth qualitative and quantitative
data. For quantitative resedn¢ secondary data is used from BDRdentify and quantify the problem
aAyO0S .5t Q& RI Gl Inthisiwag the ptoblértcantbSigeitifidhdzudnifiegvhich
isrequiredfor this researchThe purpose of quantitative research is tangeate knowledge and create
an understandingof a specificrealworld topic. By using statistics, findings can be generalized.
Satistical analysis isondwcted regardingthe actualand currentperformance indicatorgo identify

the problem This analysis executedin RSudio, an integrated environment for R, a programming
language for statistical graphi¢2020) Besides this, a simulation model is used to solve the allocation
problem.The émulation focuses on the werstanding of the behavior of a system when it is subject
to change Together with quantitative research, qualitative research is conducted thrautghviews,
observationsandpatrticipation Qualitative research is necessary to interpret the quantiatiata.By
only usingquantitative data to assess a problem, the origin or explanatiorsdcificoutcomesis

unknown. Interviewstherefore, help tovalidate and explain results.
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4.2 Data collection
Data collection is the process of gatherizagd measung information on variables of interest in an

established systematic fashiofiKabir, 2016) Data from BDPwas collected from their internal
operating system calle@GLSThe datais called secondary data, which is already cbdld and made
available. Secondadata has many of the same positive attributegéasnarydata, as he accuracy of

the data is stilkufficient asit comes directly from the company that collected efore the data is
collected, a data collection stragy must be chosen Additionally, one should determine what
information is relevant in answering the research question, in this case being data of arriving trucks.
The operating system GLS recoadl arrivals The data is expanded via the Mendix programyhich
processes i@ further differentiated. GLS reports the duration of each process, sgcloading or
lashing.GLSonly distinguishes between the different processes, while Mendix also notes different
duration within a process. One example is thaSQ@inly reports theotal loadingtime, including the
waiting time. However, Mendix reports a separate time for the waiting time before loading and the
actual duration of loading. Thefore, thedata of Mendix isnore valuable because the purpose of a
new dlocation system i$o reduce waiting timesMendix has been used since February 2019, so 18
months of data has been collecte8ince the data was already collected and not from a primary
resource, theR I G Qa | @I A bnlthe Alfeakyicsllecke&adalS v R &

The datdfile used to answer the research questioansistsof data about the truck arrivals sintbe
focus isonly on trucksThe gathered data is from February 2019 until May 20%B8en exporting the
data from Mendix to Excehdlmost30,000 data pints areidentified, all beingndividual truck arrivals

A limitation ofa Sy Rd&t& i©that it only contains data from loading trucks, and not from unloading.
No correctioncould be maddor these cases becausasturknown how manyrucks unload anavhen.
Information about unloading trucks st recorded in the tabletunlike loading trucksSince BDP is

mainly an import terminal for breakbulk, the data can still be used.

The dataset includeformation aboutthe date and time of arrival, visit nuper, license plate,
product type, number of products, weightiistomer,and different times of the completed processes.
These arefor example the waiting time before loading, the time to loadnd the time needed for
lashing.n total, 23 variables arec¢luded n the dataset. The explanation of each variable is explained

in Chapter 5.

Before conducting the analysesthe data is reshaped and cleaned to remove errors and
inconsistenciesMoreover, variablesnust be recoded or transformedAfter this, thedata canbe

summarized.
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4.3 Data cleaning

Data cleaning is necessaryget the raw data in shape fanore accessibl&isualizations and more
accurate information. Cleaning means adjongtthe data, whichis explained step by stepn this
subsection TheExcebatasetiscleaned usingRStudicsoftware(2020) The packageplyréand¥HdyrQ
from Wdyvers&are used to detect missing valu€g/ickham et al., 2020; Wickham & Henry, 2020)
The packagéggplotXds a grapical packagethat helps visuatie data and make manipulationgor
example with a boxplot(Wickham, 2016)Moreover, the packagilata.tableds used to inspecind

perform fast manipulatiofDowle& Srinivasan, 2020)

The nspectionof the datafile revealed 27,661 observations of 23 variablesst, thetimestamp data
isseparated into date and timéMoreover, the dataetcontained missingalues which aremportant

to understandio manage thedata successfully. Missing details could indicate incorrect data notation.
Several methods exist to manage the missing daiest, Istwise deletion is a methotbr handling
missing data by deleting the entire dgiaint from the analysis when one valoka variablés missing.
The disadvantage is thaitith this method,a significantfraction of the samplés deleted whichaffects

the statistical powerSecondpne could us¢he conventional imputation method, where each missing
value is substituted foa reasonable guesh this caselistwise deletionis most suitabldecause the
percentage of missing valuesrgnimal (2%) Moreover,an inspection of the missingata points
revealed that theywere incorrect and unreliable Replacing these missing vasucan lead to an

incorrect reflection of reality.

Beforedeletion ofall rows with missing values, some colunamsdeleted whichare not valuable for
the analysis but consistmissing values. An exception is made with the column for lashith
controlling. Thereare many missing values here since not all product typesentn be lashed and
controlled befordeavingthe terminal Moreover,many zeros have been reported in the loading times
column. These are not deleted with the listwise deletion andterated differently. Thisexceptionis
further explained in Section &. Another exceptiorwasthe gatein column which consistof some
missing valusasthe gate was opened manually for these trucks. Thaesa pointsare not deleted
because theother variables are welneasuredand the gatein time is notrelevantfor this analysis
The benefit of keeping this data outweighs thesadvantage of removing data points that compromise

statistical power.

After filtering out the missingvalues incorrect cata is deletedso that it could not manipulate the
analysisThe outliersare discarded from the dataset with an outlier analydikis analysis is only an
indication of the outliersBefore deciding if the outlierare removed, the nature of the outlieis

investigated. Outliers can appear in the datset due to an incorrect measament It is then
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appropriateto drop the outlierbecatse the value does not correspond with thetualvalue When an
outlier does not influence the outcome that much, the demisis to drop it.The differencescan be
seen in the boxploof the arrivals refer to Figure6. The boxplot shows that 50% of the arrivals are
between 8:31 and 12:17A value is considered an outlier when it is madhan 1.5 times the
interquartile distancerom the ends of the box (first or third quartile). The outliare displayed with

red dots.Thisconcerndrucksthat arrive at the terminabfter 18:00.

Plot of the arrivals with outliers
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Figure6 - Boxplot of the aiival timewith outliers

The differencen the boxplot without outliersis visualizedn Figure7. The boxplot barely change
compared toFigure6, since only0.1% of the observationare outliers. The parameters minimum

maximum, first and third quarter, mediaand mean changeshange a little

Plot of the arrivals without outliers
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Figure? - Boxplot of thearrival timewithout outliers

When outliers affect the results antbncern multipleobservatias, it is not legitimate to simply drop
the outlier. Further analysis with and withotlte outlier isrequired The boxploin Figure8 about the
total time a truck isat the terminalshows many outlierdn this baplot, 85% falls outside theange

of 1.5 timeshe interquartile distance from the ends of the box anglierefore, an outlier.

Plot of the total time at the terminal with outliers
0.4

0.2
0.0 o ool Eaale B @ o [se} Lol Xl @
-0.2
-0.4

0 200 400 600
Total time at the terminal (in minutes)

Figure8 - Boxplot of the total time with outliers
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Before immediately remawng these outliersrom the dataset, the origirs examined.The reasorfor
the long total time of a truck at the terminalsainlydue tothe long waiting time before loading@-his
observationis not unlikely and indicates the problem of the BDP termi@ainsequently, onean

conclude that these high numbers amet due to an incorrect measuremerh truckhas been at the

terminal for a very long time due to BDP, but it could also be the truck or transport company itself.

Sometimes the truck driver is obliged to take a break he must wait for paperwork. From gh
Y2YSyid GKS GNXzO1 A& f 21 RSR Jor hbvilong & wilytdke Hefarg tHeS NJ
truck leaves the terminal. However, it is their burden because they want to get the trucks off the

terminal as son as possible to prevent further corgjimn at the terminal.

Atotal time of more than 600 minutes is exceptionatcording to operational employeeand may
even indicate an improper chedkf when a truck left the terminalThus alldata pointsthat exceeded
599 minutestotal time at the terminal are excluded from the dataseHowever, thesedatapointsare
not excluded when plotting the arrival patteritbecomes evident thatucksthat wereat the terminal
for less tharb4.5 minutesshouldbe renpoved based on the outlier analysidowever, vihen checking
thesedata points it becomes clear that it is likely that this data is corrdtst of the data points with
a total time of less than 54.5 minutes arrive in-p#ak hours so can be servadmediately. Because
the dataappearsreliable, thedata pointswill not be removed.The boxplot of the total time at the

terminal without outliers is \ualized inFigure9.

Plot of the total time at the terminal without outliers
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Figure9 - Boxplot of the total tine < 599 minutes

Lastly, a measurement error is visible when a boxplot is made db#dingtime. Many outliers ae
visible inFigurelO. It isimpossibleto exceed 600 minutes to load a truck because the ternimahly
openfor 10 hours a day. The data pointhich exceed the 600 minutesre therefore subject to
inaccuracy,which means that they are immediately removed from the datag@iobably thisis
unfinished activitiesor tasksthat were not checkedff comrectly in Mendix by the employees. The
activities are checked ofhe dayor daysafter by the customer service de explainingthe length of

this task. As with the previous variable, these outliers are included when plotting the arrival pattern.
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Plot of the loading time at the terminal with outliers
0.4

0.2
0.0 @ OTMDED O O o o o o @ @ o a oo
-0.2
-0.4

o

2500 5000 7500 10000
Loading time (in minutes)

Figurel0- Boxplot of the loading time with outliers

There is stilmuchspread after removinghe outliers. Thiss visualizedn Figurell.

Plot of the loading time at the terminal without outliers
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Figurell- Boxplot of thdoading time < 599 minutes

The 23 variablesin the dataset exported from Mendiwere not sufficient for dataanalysis as sme
variableswere missing.Hence, new variables are created framisting variablesThe first variable
createdis the waiting timebefore gatein. Thisvariableis calculated by subtracting the arrival time
from the gatein time. The samésdone for the variable waiting time before lashirgigrt lashing time

¢ end loading timejnd waiting time before gateut (gate-out time ¢ end control time) Moreover,
the total time eachruckisat the terminalis calculatedy subtractingthe time ofarrivalfrom the time

of departure The creation of this variable also revealed that thesere errorsin the data.Several
times, the total time turned out to be negativeor zerg which is becauséhe departure time was
recorded beforghe arrivaltime or the samebeingimpossible Hence, there is an error in the data as
probably, the taskrom the day before was natorrectlyclosed.Thedata padnts containing negative
or zero total timeare noted as\Hot availabl€(henceforth;NA) in the dataset. In thisvay, the rest of
the variables are included in the data analysimly the variable total time is considered incorrect.

Valuable informationsch aswaitingand loading cantherefore,be preserved.

Although removinglata points, doing an outlier analysend creating new variagstakesasignificant
amount oftime and effort, it outweighs the disadvantages of drawing inaccurate conclusiasscon

inaccurate data.
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4.4 Simulation

As discussed i€hapter 3 different methodsare used to solvecongestion problems. Smulation
models have proven to be a reliable and convenient tool to support deemaers(Hayuth et al.,
1994) Therefore,simulation is used to test and evaluaspecificadaptions or policiesSimulation of
the systems within BDP provislénsights ito the process riskeffectiveness,and efficiency.The
outcomesare then compared to see the actual impaét. simulation is maddo determine the

processes and patterng. smulation is a flexible tool that can detect and quantify disturbance

A simulation models built, represening the average dayn the allocationprocess As discussed in
Chapter 3, there is always a possityilof breakdowns of systems or equipmeihese breakdowns are

not considered in this research.

A discrete eventimulation model (henceforth; DE®) used to validate the dynamic allocation process.
DESis a modeling approach for complex environments witlany interactions between objects
(Atashbar et al., 2016 he process can be described as a sequendisafeteevents. Discreteevent

simulation isusedfor modeling stochastic, dynamiand discretely system@&car et al., 2017)

There are several waof modelingthis discreteevent simulation. In this researctie library Smmer
isused, a packagadm R (Ucar & Smeets, 2019)his package is used because of its flexibility and
ability to immediately link to data cking Moreover, the package is very flexitdad is openly
available also BDP could use rawbacls arethat the package cannot visualidataand that there

is not always control over what happens inside the progr&mother way of simulating is byiog
Arena. Arena is a discrete event simulation and automation softveaauired by RockwellThis
program ha a émple setup but does not have a wide range of functionalities in the trial and student
edition. A disadvantage of Arena is tlilagre islittl e control over processes within thgogram In the
end, aSevenStep Approach of La{2008)is used to conduct a successful simulation studfer to
Figurel2. First, the probémisformulated andthe data is collected. Moreover, assumptions are made
and the model is programmed. Stepssdhecked by comparing the simulated values with the actual

and look if the valuearereasonable.
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Figurel2- Seen-Step Approach (Law, 2008)

Different terminology is usin the R simmersuch as environment, trajectorgnd resource. A short
explanation of each terris explained inAppendix CWith the simulation, the reality is simulated to
see where queues aris@hich leads to waiting times. Moreover, resource utilization will be calculated

for every resource.

To corlude, this chapter described the methodologysed to do the analysig this thesis A
combination of quantitative and qualitative research provddatensiveknowledge and understanding
of the problem. A descriptive case study is designed with data BBfof the years2019 and 2020
optimize the allocation process of handling breakbulk camjte sixth sub-question is therefore,
answeredThe cata file has been reshaped, cleanadd expanded before it could be used for the data
analysis. In this ways nuch reliable data as possitikpreserved Besidesthe best wg of simulating
the process of handling trucks is by using discrete eventlation. The package R simmer in R will be

used to perform a simulatiorThis answers suguestionVII.
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Chapter Data aalyss

Now that the methodology is specifiedhis chapterfocuses orthe actual analysisData analysis is
necessary taletermine where and whenqueues arise during the process of handling a trdtis
chapter quantifes. 5t Qa LB\Baali®te data in figures, conclusiomsn bedrawn. The first
section providesa descriptive analysjsvhich coversa brief explanatiorof the assumptions, scope
and factsto considerbefore starting the analysi§ection 3 gives a short description difie different
variables. Then, Section 5&halyzes the current arrival pattern of truclksd observations are
explained Section 5.#xamineghe waiting time todeterminewhere the waiting time is highesduring
the truck praess The next section brigfldiscusses the total time of a truck and the impafthe
waiting time on the total time. Section 5.6 calculates the loading time of evesgiugt type with
different assumptionsUItimately, the bestoption is selectedto use in further analgis. In the last

section, thesummary statistics are presentéua table todetectdifferences.

5.1 Assumptions, scopendfacts
It is essentialto specify the assumptions madehen designing solutiond’hese assumptions have a

significant impact on the outcome\brief explanation is provided belaw
- The data from 2019 and 2020 is representable for the future
- Atruck arrives according to a pattern ardwn statistical interarrival distribution. There is no
planned arrival time bindividual trucks likevith an apmintment system
- Customer demand is stochastic and independently distributed based on the past
- Atruck is served when there is no queue
- Evewy truck must be serviced after arrival
- Each truck picks up only one produgpe.
- Each truck is treated withoutny differentiated priority sofirst in, first out (henceforthFIFQ.
- Each truck must be assigned only to one station
- The time needed for hadling is not dependent on the queue
- Loading starts when a truekrives at the station
- Loading time is deterministicvalue dependent on theproduct type
- Every station servicaup to one truck at any time
- There is one order picker per team

- Every tak is completed before starting at a new one

- Theterminal loading process takes place between 7:00 an@d.7:
- Truck arrivals are not booked in advance, but onlympoéfied.

- Actual demand is only known when the truck arrives
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Research scope
- Onlytruck arrivalsare consideregsono shipsor rail wagors.
- Only the seven product types are consideretiich usethe tabletand Mendix
- Only trucks that want to load cargo are considesgice BDP is mainly an import terminal for

breakbulkand Mendixonly reports loading information.

5.2 Explanation of thevariables
As discussed in the previous chapter, data frormilig is usedor the analysisBeforethe analysis

starts it is necessary to explain the different variabtésthe datafile a little further. Due to the

company policy and confidentiality regaiments, the datdile is not added to the Appendix.

Dateand time of arrival the dateandtime a truck arrives at the front desk.

Visit number every visigetsa uniquenumber.

License platelicen® plate of the arriving truck.

Product typethetype of product a truckoads.

Weight the weight ofatruck when it leavesthe terminal.

Customerthe customer whose order [zingloaded.

Gatein time: the time a truck enters the gate.

Time before gatén/loading/lashing/gateout: the waiting time bére gatein, loading lashing or
gate-out.

Start loading/lashirg/control: the start time ofthe task (loading, lashingor control) When an
employeebeginsthe task by clicking at a work order on the thlthe start time is reported.

End loading/lashing/controlthe end time ofthe task (loading, lashingor contrd). The endtime is
reported whenanemployeeends the task and all products are loaded.

Timeto gate-in/load/lash/control the timeit takesto completethe task(gate-in, loading, lashingor
control). It isthe end time minus the begin time in minutes.

Total time the total time a truck is at the terminalrom arrival untildeparture.

Departure timethe time a truck leaves the terminal

5.3 Arrival pattern
De Jond2019)alreadydiscoveredhat there is avaryingdistribution of arriving trucks during the day.

The arrival pattern of trucks plotted again with new data about 2019 and 20Zxst the arrival
pattern of all producs is plotted in Figue 13. The horizontal axidisplays the time of arrival in time
frames of fifteen minutes. The vertical axis shows the relative frequency of all the arfikalpatten
issimilar to that of De Jon@@019) shown inFigure5. However, the peaks are moretensenow and
the new dataportrays a more abruppattern. Two peaks rise at théerminal: one at 7:00 ancdne

between9:30 and 12:00. After Z:00, the number ofvisits decreases.
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The peak at 7:00 is caubby trucksthat unloaded their cargo the night befor@ another terminal
and arrivel empty at the terminal of BDPearly in the morningWhen a truck repds to the BDP
terminal after 15:00 and has not made a late registration, the truck must wait until 7:00 the agxt d
Many trucks spend the night at a truck parking area close to the BDP terminal, sarétbe firstin
linein the morning Thisis another explanatiorof the peakof arriving trucksat 7:00. After a trough at
8:00, arrivals increase again aroundd@ Thispeakcan be explained by the fact thattruck unload

its cargo in the morning anthen reports at the BDP terminal to load productgain.The thrd well-
known peakin the port sectoy at 15:00is not visible inFigue 13. This peak arissbecause a truck

driverwantsto load his truck at the last mute so it is ready for the next ride.

Relative frequency of arrivals all product types
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Relative frequency
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Figue 13- Arrival patternof trucks

Thearrivalpattern inFigue 13representsall product types togetheDifferencedlikely occurbetween
product typesPeaks per product type are plotted Figurel4to distinguishdifferences.Sheets have
a peak at 7:00, whilthe frequency of wirgods is the highedtetween 10:00 and.2:00.The location
of the different factories can explain the differenc@&se dfference in arrival pattermay indicate that
the distribution ofemployees may needdjustmentsbased on the aival pattern of the product types.
More specificallymatching can be made when employeefirst loadssheets and then wire rods

because theeaks differ.
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Relative frequency of arrivals per producttype
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Figurel4- Arrival pattern of trucks per product tgp

In addition torelative numbers, the frequency numbers are plotied-igurel5to see amore evident
difference betveen the product typedn Figurel4, the peaksarevisible but a peak ér aluminum can
be very different froma peakfor zing caused byjuantity differenceslt iscrucialto interpret the peaks
correctly. For example, apeak for E.l. can be substantimieaningthat an extraemployeeis needed,

while for wire rods the sameteam can handle a peak

Frequency of arrivals per producttype

Producttype
QQ
= Aluminum
— Coils
- ]
= PEA
5
== Sheets
== WireRods
= Finc
>
2
H] .
g+
w

_‘“ e \‘\‘——_f--ki

IR S » SIS ,ul“ & » R ST S x;“ N
o & o AOUSTAS AN NN W KL R G RS W N B0 E e

PR SR N %SP@'.\ @“ ¥ T o o b7 AT o g AT g AT g N g AT o T AT R AT N
B ST AR AR TS TR AT T T AT T T 0TS BT 8T !

Time of arrival

Figurel5- Arrival pattern of trucks per product type actual frequency
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On average, 3frucks arrive every day to pick up Bwthich meanghree trucks per hour. A pedbr
E.l.impliesthat for instance eleventrucks arrive per hour. E.l. has a high standard deviatigmnch
indicatesthat the data points are spread out ovebeoadrangeof values. It istherefore, tactical to
combine this product type with product with asmaller variation to compnsatefor the fluctuation.
An overviewof the average, standard deviatipandthe maximum number of trucks per dégy shown
in Table2.

Table2 - Statistics of trucks per day

Average trucks  Standard

Product type per day deviation Maximum
Aluminum 2 2.58 11

Coils 14 6.94 36

E.l 31 11.79 73

PFA 11 4.59 22
Sheets 5 2.90 13

Wire rods 3 1.75 9

Zinc 15 7.09 35

Besideghe differences between product types, it is also expected that the peaks differ s Eor
example, on Mondayshe number of trucks arriving at the terminal fisgher than on Fridays or
Thursdays Plotting the relative frequency numbersin Figure 16 per day proveslittle difference
between the dgs.Oneinteresting finding is thabn Mondaysthe frequency of arriving trucks is higher

at 11:00than inthe afternoon.

Frequency of arrivals per day
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Figurel6- Arrival pattern of trucks per day of the week
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The frequencies of every product type anettlay of the week are shown irable3. The percentage
distribution is 22% on Mondays, Zdon Tuesday, 20% on Wednesdays, 18% on Thursdays 18%
on FridaysPeaks are visible per product type at other days efweek.Onaverage, thdrequencies
are higheron Mondays,exceptfor the product typealuminum and PFAndividual troughs are visible

on Thusdays and Fridays, for examgier E.I. and wire rods.

Table3 - Numberof arrivals peproduct type and day of the week

Product type Monday Tuesday Wednesday Thursday Friday Total
Aluminum 93 149 164 113 98 617
Coils 924 781 985 857 624 4,171
E.l 2,048 2,128 1,692 1,606 1,990 9,464
PFA 661 721 613 480 611 3,086
Sheets 348 256 264 180 194 1,242
Wire rods 197 175 160 111 226 869
Zinc 962 885 1,054 1,051 674 4,626
Total 5,234 5,095 4,932 4,398 4,417 24,076

The differentquartersare plottedin Figurel7 to detect seasonalityThe same arrivgbattern and
peaksare observedfor every quarterHowever the peaksin the fourth quarterare lesshighbecause
of the lower frequencyof trucks The smaller frequencies the third and fourth quarterare due to
the temporary closure of factories in theummer andhe closure of endeceivers athe end of the
year.There is less demand for sefirished productssofewertrucks load hese poducts atthe BDP

terminal. BDP igherefore, sensitive to market conditions.

Frequency of arrivals per quarter
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Figurel? - Arrival pattern of truckperquarter
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5.4 Waiting time
The secondispectto be analyzed is the waiting tim&Vaiting times can arisat different moments

during the process of handling trucks.eTprocess and associated waiting times are showligure

18 w signifiesthe waiting time at the front desk. significantfactor that influences tlis variable is
the arrivals of the trucks. As discussed earlier, peaks occur when trucks arrivesahibdime which

will lead to waiting times at the front desk first. In this research, the arrizmsdsconsideredisgiven
asBDPhaslittle control ower it. When the truck driver has received its documents and a map of the
terminal, he drive to the designated ara to wait in the queue The waiting time that arises heis
also known as the waiting time before handling §. When a truck is finished with loadini,is
assigned to the lashing zome secureits cargo. The waiting time herey( ) islow since there are 15
lashing spots and it has a fast turnaround. The waiting tieme that arises during the ldscheck is

alsominimal

W, =35.63 Ws=1500 W, =10.31

= Eﬂﬂ ;I?,!r.-a

Leaving
truck

Arriving Front Gate-in Loading/ Lashing Gate-out
truck desk unloading

Figurel8- Variouswaiting times during the process

The averagewvaitingtimes have been calculated from the data of the years 2Cir81 2020to expose
where the bottleneck arises in the waiting proce$he averages are given kigurel8. Fromthese
numbers it canbe concludel that the waiting timebefore loading is the highesBDP musteduce the

waiting time before loadingand therefore the focus during the data analysienso .

The waiting timebefore loadingconsists of the waiihg time in the queue, but it also includes the
driving time to the designated area and thiene it takesfor an employeeo find the right product.
Inefficient sorage could be the reason wisgarching for the right product takesuchtime. Usually
the day before a product is collected, products are moteglacethe right products at the front
Neverthelesssometimes thereis no time for this. Occasionally, it happens that products arerstb
on trailers.It is then necessary to first removeetproducts from therailer, which is an extra action

and takes time.

The average time a truckust wait before handleds 3563 minutes with a standard deviation of
36.57. A standard deviation of gater magnitude than its mean indicat¢hat the data pants are
spread out over doroadrange of valuesThe outliers are visualized with a boxplotRigure19 and
markedwith ared dot. Not many differences areisible between product typesas the centefor all

product typesis almost the same. The spread can be explained by the interquartileeyavigch is

MASTER THESIS SARA BARROS DAS NH



48

about 40. This means that 50% of thaucks wait between 10 and 50 minutes before laad.
Moreover, theshape is largelyight-skewed. Product types that differ most with each other are wire
rods and zinc. The meamd standard deviationf wire rods isespectively26.19and 3211 minutes

and of zinaespectively39.07and 39.Z minutes.

Boxplot of the waiting time before loading
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Figurel9- Boxplot of the waiting time before loading

After making a distinction between the different product types, #hweerage waiting time per timeslot

is calculatedand shown inFigure20. The blue line shows the arage waiting time. 5t Qaistd 2 I
decrease the average waiting tine30 minutes adecrease of 15%. Removing the peaks will decrease
the waiting time. InFigure20, a line chart annotation layas added Thisgreenareabelow the line

shows all values that are below average and are therefore acceptable. Hence, peaks and troughs are

clearlyvisible.
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Average waiting time per timeslot
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Time of arrival

Figure20- Waiting time per timeslot

The peaks that arise in the arrival pattern of trucks probabljuénce the waiting time for a truck.
However, the data seems to contradict expectaBoAt least for the first peak at 7:00he waiting
time for a truck is below average. The waiting time increases at IiEf8use the number of arrivals
increases agan from 9:30. The difference is that the system is empty at 7:00, while at 1ih@ege
could already be a queue in the systemwaiting trucks. Moreover, productivity is relativahigh at
the beginning of the dayas enployees want to handle incoming tks immediately. They also

indicated that when there is a long queue at some point, there is less motivation to get rid of it.

The peak between 11:00 and 13:00 is also affected by the break employeearoawnel 11:30. The
lunch break ensures that zero tks are handled for half an hour. The increase in waiting time at 15:00
and 16:30 is remarkable. A reason may be less prodtyctt the end of the day and the switch
between the dayand afternoonshift. Employees could have little motivation to stamew truck in

the last fifteen minutes of their dayshiftnather important findings that the frequency of the arriving

trucksafter 15:00 is much lower than before 15:00. Only 1.9% d¢fuadksarrive after 15:00.

Then a distinctionof the waiting timebetween the product typess visualizedn Figure21. Especially
the peak after 16:00fwinc and E.I. is noticeable. Only these product tymesthe privilegeto arrive
at the terminalafter 15:00 There area few noticeabledifferencesbetween the product typeskor

example wire rods have a graduaburseandsheetshave more to do with peaks and troughs
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Figure21 - Average waiting time per timesl@per product type)

When plotting a boxplotof the waiting time per timeslot, differences arise between the morning and
afternoonshift. The spread of the waiting timeetween 16:45 and 17:08 very high,ranging from25

to 120 minutes.The employees load the remaining trgclkithout athoughtful sequence, which can
cause a truck to waitor a longtime. For other timeslotsfor example 16:30-16:45,the spread is

minimal The big differences are due to fewer observations after 15:00.

Figure22 - Boxplot of tle waiting time per timeslot
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