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Abstract: International cargo transportation is majorly defmm on marine transport, which moves 80% of the
international cargo. With the increase in vessa sind the same yard area available for contaiarsortation, it is
important to study the processes and understaneffioency of the container operations processs Tasearch paper
aims to review the import container transportapoocess and understand the process cycle efficigmoygh lean six
sigma concepts. The process is evaluated frompleatons process perspective and documentati@egsa@t one of
the ports of India. The research has been designednducting an industry expert review on the gsscof container
transportation from vessel berthing to gate outifigport containers, utilising lean six sigma prpies such as value
stream mapping (VSM) and process cycle efficiefitye results have contributed to the existing kndgtein identifying
the waste in the container handling process anddstrated the inefficiency in the system from tleespective of
waiting time of containers due to customs examimatscanning, and inter-terminal handling and mammirhe process
cycle efficiency of 40% is calculated by analysthg detailed time of handling containers from vebsething to gate
out. A new future value stream mapping is propasetsidering the process cycle efficiency. Futuoelists will focus
on studying this process for export containersk@rdhmarking the results with the top-performingascports globally.

1 Introduction important to integrate with along with digital textiogies.
The increasing role of globalisation, together wite ~ This will enable them to exchange data on a re¢iand
increasing speed of all the processes, have lgetéact  global level, which can increase efficiency andiwbel
that in the contemporary world, supply chains hevee enwronmental benefits through waiting for timeuetion
changed towards more effective and sustainablemgst and optimal use of energy and resources [2]. _
Considering that the ports are an important parthef The relationship between vessel size and the coepan
Supp|y chain processes, the influence of the Changfm owning the vessel is illustrated in Flgure 1. linche
environment could also be seen. An essential mle pbserved that companies owning vessels is decggasin
delivery services is given to marine ports as ax]mate|y howeyer, the size .Of each vessel is |-nC-re.aS|r?g.S,ThU
80% of products is carried by sea transport [1] tngs ~container port terminal has to adopt optimisingpeas to
inevitably goes via seaports. ensure and manage continuous efficient operatibhis.
International trade largely relies on a marine motle can be performed by optimising the current space,
cargo transportation. The container shipping sedsor Processes and standard operating procedures, edngid
predominantly constituted by multiple stakeholdbeg act the below factors:
as individual entities and operate on a silo baBigese 1. Port infrastructure, such as berth areas, cranes
independent stakeholders are expected to collabdmat technology. o
order to transact by coordinating their information 2. Lean efficient processes and space optimisation.

exchange. In order to integrate and ensure thalmthtion 3. High Investment.
between operations, reliable exchange of informat 4. Environmental Impact.
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Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 8 2021 Issue: 4 Pages: 393-405 ISSN 1339-5629

VALUE STREAM MAPPING OF OCEAN IMPORT CONTAINERS: A PROCESS CYCLE EFFICIENCY
PERSPECTIVE
Mohan Saini; Anastasia Efimova; Felicita Chromjakova

Liner Shipping Connectivity: Average for all active ports

e=@um| argest ship

Quarterly from 1 Q 2006 until 4 Q 2020
Index 1 Q 2006 = 100

~@-=Total deployed capacity

Lsci

Number of ports

«=@-=Direct connections

=== Weekly calls

—@=Services

e=@=mCompanies

The container and shipping sectors are important fprocesses, the process improvement could servenas a
economic development and influence various segmergdvantage in the contemporary world, allowing sswito
such as transport infrastructure, warehousingrimédion be provided faster, better and/or at a lower price.
and communication in supply chain management. They are identifying the role of container termgal
Evolution in the logistics sector may benefit Idigial modern supply chain strategies and further intégvadf
investments, which changes the traditional way afontainer transportation. There is significant scdpr
company functioning. In many countries, economicesearch since globalisation demand effective acdre
advancement was influenced by expanding expostpply strategies [6]. The ports serve as gatagdods and
production. Export performance is important, esgplgci products to enter or to leave the country. Oceaiylit
for small economies or developing countries [4].d50, greatly depends on port efficiency [7]. Thus, thecess
highlight that economic growth is positively inflieed by  optimisation in ports might provide a new perspector
trade openness while studying selected Asia castri a country. India has twelve major Ocean ports rfaihg

There has been a strong push for informatioat the global level. Though there have already been
communication technologies in the container logssti attempts to optimise the processes in Indian ptimeskey
sector, along with the introduction of smart poft. Many indicators of Indian ports are not effective in garison
global and European organisations such as Unitéidda with European or Singapore systems.

Economic Commission for Europe (UNECE) and United As many ports in India are struggling nowadays to
Nations Center for Trade Facilitation and Electconiimprove the processes by implementing advanced
Business (UN/CEFACT) are researching smart containgechnologies, the proper analysis might be beradfto
technologies for data exchange transactions todbuildentify the steps that could be removed prior &nb
efficient and cost-effective processes. digitalised. Several methods have already been tsed

The ongoing change towards the digitalisation abptimise port processes, such as standardisaficBNEA
processes, also known as the fourth Industrial Réea [8] or JIT [9,10]. To better analyse the challengiée
or Industry 4.0, provided new opportunities for tledivery  process should be divided into its constituents tneah
and supply chains. However, new opportunities evays assessed. One of the qualified tools to analysedheal
connected with new challenges that could arisedrt p process efficiency is value stream mapping as dadet
management systems. The rising opportunities inflee that opens more horizons for the identificationnafstes,
the competition on the market, and the necessitthef non-productive process activities, value-added gsses.
change might provide the competitive advantagenagai Many port types of research have been conducted fro
road, rail and air. Considering the complexity afrtp various aspects, but the approach when VSM is [zexpo
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for ports process improvement is not much studeeths the amount is even higher. With expanding econoaniels
[8]. In connection with the Six Sigma methodolodpatt advancing globalisation, containerisation is furtsiaged
could be applied to monitor and assess statistidadators to grow and remain as a preferable mode of crosdebo
of the processes and use the to improve the existinargo movement [13].

process, it opens new and innovative potentialsdtting With the increase in global trade and containeaw,
up a system solution for internal processes inatiea of yard managers have to manage the yard operations to
container import by ocean ports in the whole world. ensure terminal efficiency [14]. With such larg@amsion

In this research study, an attempt is made to aedhe and increase in the volume of cargo, the limited
existing processes in ports in India from the pointiew possibilities include increasing the land area,cwhis a
of value-adding and non-value-adding activities @aod larger investment of procuring land or optimising
calculate the process cycle efficiency with theppge to operations in an efficient manner to reduce dwiellet
propose possible optimisation of existing proces$ée Terminal operators operationally plan to reducedell
novelty of this research is the application of V8Mndian time of the container by determining factors tHéc the
ports based on the information gathered from the paontainer time spent at the container terminal atoer A
managers. The study comprises the information gathe research study conducted by PeéKayva et al. (2020)
from port managers by specially developed questivtas emphasised strategic long term planning utilisi@MRP
and application of Lean tools, namely VSM, for gs&. (demand-driven material requirement planning) tpl@x
The research was conducted in the southern Indiearo the location and sizing of shipping containers [15]
port, and import cycle data for containers werdectid Merckx [16] designed a framework to assist the
for the period of one year to understand the dtiralt and container terminal operators on the pricing schdare
the time taken by sub-processes were discussedt#il d container time spent in the terminal based on thelld
with the port operations managers to better unaletdsthe time. Logistics and freight forwarding companiet®imd to
pattern existing in the given ports. store and stock their containers in a terminal aoeror

The paper is structured as per the following detdihe container freight station till their requiremenisas in the
first section provided the theoretical backgrourat f production [17].
container logistics, lean six sigma, value streaapping With the advent of technological advancement in e-
(VSM) and VSM in container logistics in researchdéés. commerce and road transportation, there is a nilajost
The methodology section presents data analysigalith towards automation and digitising platforms in edmer
VSM calculation and waste management. The resulizgistics management. For a developed and a dewglop
section illustrates the investigative relationshigggta economy, the port plays an important role in ctesging
analysis and empirical results. The discussioni@est between economies. For the last decade, theredwaseb
highlight the findings of VSM mapping. The lastses continuous increase in the global trading of comes.
presents the concluding results along with limitasiand This is primarily due to the increase in the global

future research scope. movement of container and trading numbers globally
[11,12]. Thus, in a competitive scenario, port tiewah

2 Literature review operators are under immense competitor to make the

2.1 Container logisticsin research studies container handling process more efficient and a lea

Containers are traditional cargo movement and géoraPr0ocess. This research study will include analysimg
units classified as general-purpose, refrigeratador tank  Process of container movement from vessel mantiesta
containers. For such a cargo movement in intematio {0 gate out operations utilising lean six sigma satlie
trade, a crucial role is played by marine transgimm. Stréam principles. Figure 2 depicts the processhef
Nearly 80% of the international trade in volume anffOvement of the container terminal in marine ports,
approximately 70% of the international trade-inueais ncluding physical movement and document movingnfro
transported by marine transport and is operatewiitime ~ the supplier (which is a ship) to the customer Qluhis the
ports [11,12]. For the majority of the developimgintries, delivery company).
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Figure 2 Container movement from vessel berthirggte out (Source: Own research)

2.2 Lean and value stream mapping in research As a methodology, Lean appeared in Toyota, andst w
studies developed by Taichii Ohno. It received attention in

Lean methodology has already been used in ports agonomically challenged periods as Toyota managed t
has proved itself to be beneficial from the poiiiew of ~ increase income [19]. Lean followed the principlefs
process analysis [1,7,18]. VSM allows to betterarathnd  Toyota Production System, the basic principle ofclvh
the port processes and thus could influence poMas to eliminate seven kinds of wastes, thus crgadi
management and influence flow. Lean ports are tible more effective production system. In the work df][the
identify wastes and bottlenecks of any processthege €nhancement of the company competitiveness by the
with defects [7]. The proper understanding of thiéidl implementation of waste reduction and continuous
process could also increase the Output of invedtasthe improvement tools for JIT was indicated. And JITswa
core stages could be defined, and the attentiotddmer Considered to be the crucial strategy for competiti
shifted from non-value-added processes. As inghidy, advantage.
the VSM is the main tool that is used to calcufaecess “Lean management thinking is used to differentiates
Cyc|e efﬁciency’ the thorough understanding of tporbetween waste and value within an org_anisation]. [20
processes and the understanding of the Lean VShateo lean, the waste (also called “muda”) is connecteith w
required for the research success. activities that take time WlthOUt addlng value ftoet

Lean methodology has been app“ed in manprOdUCt-. “Anythlng n prOdUCtlon that does not adi}"ue
companies worldwide and has proved its positiveaichp IS considered to be a form of waste” [21]. In catiun
on industrial processes, non-industrial processed awith the setting up of lean processes at the opean we
services. However, despite its great success, maf§n identify according to the 7 types of losseddHewing
companies deny implementing this methodology ag thé@ftributes:
consider lean to be costly in implementation, dreytare «  Overproduction — Containers imported by port
uncertain about its app"cation in their Compan}]_ []_ terminal with limited real time schedule and uniakaility
Regardless of this fact, many ports have advantagedf storage place causing planning errors and coioges

experience in implementing lean [1,7,8,18]. e Waiting - Planning_ errors and rehandling causing
delay due to custom examination.
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e Transportation — Truck scheduling and multiplenapping. The current state VSM depicts the existing
handling at the yard. process with its value-adding activities and noluea

»  Over processing — Scanning and examination daelding activities, and it helps to understand thestm
to customs risk management system. important problems [28]. The future state VSM reprds

. Inventory — Handling at empty yards, freightthe situation when the non-added-processes (oegjeate
stations and their maintenance. eliminated [1]. The collection of the initial dates analysis

*  Unnecessary motion — Reshuffle and rehandle ahd transition into future state maps is an esalepdirt of
the container at the yard. VSM. The optimisation of the value stream map is

. Defects — Container delivery on account of akrucmanaged by a key indicator — the value-added intex.
appointment system. represents the ratio between productive and unptivgu

To create a lean port, it is important to creatysiem lead times in the complex process flow.
where the bottlenecks, defects, and other wastes ar Considering the above mentioned, VSM could provide
identified [7]. To identify the wastes, the toolled VSM  sufficient information about the process from tloénp of
that depicts the order of all steps of the pro¢estuding view of its analysis, of its further usage and plag and
information flow and materials flow) is used [1]hd also for measuring the process cycle efficiency.
purpose of this tool is to determine value-adddivides Value stream mapping — research literature review i
[22,23] and to identify the “potentials for improwent” the container and port logistics
[24]. Although transportation is a value-added\aistiin The research on value stream application in coatain
general [22], the understanding that some of thigiaes and port logistics is very limited. The researciu&s have
within the process are wastes is crucial. [25]qrenEd a been performed from the perspective of lean prlasip
study where they indicated that for operationahgility, waste evaluation. A detailed illustratiofresearch
performance, the most important tools are JusimeTand studies on value stream mapping and containerticgis
Automation, while TPM, VSM and Kaizen could lead todetailed in Table 1.
less effective or even negative results. The ssfges  The main objective of this research study is to
results from the implementation of lean and VSMoasr understand and analyse the import process of camtai
industries have also been demonstrated [26]. handling in a port terminal and then evaluate thiited

All the activities within a process in VSM are dled time taken for each of the processes as detailEijure 2.
into 3 groups: value-added, non-value-added butdequate diagnostics of the causes of efficiensgds will
indispensable and purely non-value-added [27]. &alube the basis for the setting of a future valueastrenap.
added activities are important for our customeosnfthe Subsequently, performance parameters in the form of
point of view of creating the final product. Nonkwa process efficiency along with value stream mapgngd
added are activities that are unnecessary in theeps and waste calculation are performed by analysing the da
could be eliminated fully [27]. Non-value-added butollected from the container terminal. The mairotieéical
indispensable are the steps in the process thhgugh and practical contribution of this research stiginibetter
they do not improve our product from the consun@np understanding of container port terminal process fo
of view, are compulsory for the completion of vahsided handling import containers utilising lean six sigma
activities [7]. principles. As the research conducted for valueastr

VSM is used not only to understand the currentggec mapping in a container terminal is very limitece tiesults
but also to plan the process improvement. Thustyywes have provided various directions for future researc
of VSM exists — current state VSM and future state

Table 1 Research studies on container logistics\vaahge stream mapping (Source: Own research)

Sample and Independent Dependent
Authot Methodolog period of stud variable variable Outcome/Suggesti
Marlow and Paix&o Performance Proposed framework
Casaca (2003[7] measuriny Knowledg Port agility for agile port:
Proposed
methodology based
Paixao and Marlow Other Lean and on internal and
(2003)[18] Literature reviev industrie: agility ports, logistic | external integratio
Current state
map: product
and Future state map wa
Action research Texton information developed, KPI
Taylor(2008)[29] methodology company flows KPI improvement
Value stream Storage and Inter logistics Operations time
Chen, Cheng and mapping of retrieval SKU's| Value stream| warehouse handling made
Huang (2013)[30] material flow, in a warehous: mapping operation: efficient by th
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information flow implementation of
and process flow RFID through the
insights from value
stream mapping.
a theory-building
approach
combining
aspects of lean- container
and intermodal | facilities within
Olesen, Powell, transport theory the Material flow
Hvolby and with practical Scandinavian Lean in container
Fraser(2015]31] insights regior principles facilities Proposed framewo!
Combination of | Mediterranean
Sanchez, Buiza, VSM and Ports and
Beltran, Stanley, numerical logistics areas Improvement's
Veloqui, Cerban and  modelling by (Algeciras and VSM and proposals, simulation
Turias (2015)1] using MATLAB Naples) MATLAB Post efficiency model
Waste Assessment internal setup | Reduction of internal
Model for VSM, time, efficiency| setup time of 57,33%
improvement Port of the goods | increase in efficiency
Kusrini and using SMED and| Companies in procurement from 60,81% to
Parmasari (2020]8] 5¢ Indonesii Waste proces 70,20%
Containers
Statistical method entering port
in the form of and excepted Gate Identification of low
lean six sigma for| by gate automation efficiency of gate
exception automation Lean Six system automation system
Dewi (2021)[32] containers syster Sigm container: operation:
Modelling on
lean
Logistics system production Variations of optimal
model on JIT and methods inbound logistics
Wang, Yin, Khan, | linear modelling utilising JIT Cruise mode over three
Wang and for lean and linear shipping different kinds of
Zheng(2021[10] productior Cruise shippin modelling logistics cruise part
3 Research methodology analysed separately for the process efficiency.

The given research is based on both qualitative afePnclusively, the common pattern was also developed
guantitative research approaches. As the quamttaart, Where all three-part were analysed as one process.
it considers results and data of real-time openatidata ~ As the availability of the data for the sub-proessef
that is collected from the secondary reports of DBIC ~ container handling from vessel berthing to gate out
logistics data services through their portal wwir.tth.in ~ Operations is limited, port managers were askemhatyse
and discussion with the port operations managers #@e processes for the wastes appearing in theeofithe
identify the import transaction process along vaiderage Process. For this purpose, a table comprising the
time handled per container. This provides the qtative ~€xplanation of the wastes type was developed Hyoasit
information connected with the process being aealysand delivered to port managers. In this work, tiet p
with detailed information about time spent on e\atgp of Managers were also asked to analyse the amouimhef t
the process. The qua”tative part is related tmﬂ]ﬂygs of connected with those wastes and if the mentionestesa
the gathered data and the interpretation of theteslsy the could be avoided or limited in the process. Basedhes
specialists. The research also comprises a literaéwiew data, the VSM was developed where the efficiencthef
part as an attempt to better systemise and andfse Processes was shown and, consequently, the progess
information already available on the topic of teegarch. efficiency was calculated. A general representatibthe

The gathered data is analysed with the usage obbnesteps of the analysis used for the research ictbepin
the tools connected with Lean and/or Lean Six Sjgmhigure 3 for detailed understanding. As it is iltaged in
which is called Value Stream Mapping (VSM). Theedalt  Figure 3, the research consisted of 7 steps sfaiitf the
the process that occurs in the port was divided ntee development of the table for waiting time analyarsl
major parts -Vessel Operationsi Yard Operationm flnlShlng at the pr.O.pOSItIO-nS to evaluat.e the wastéhe
Operations - and then each of the mentioned paats wProcess Cycle efficiency in ports of India.
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~ N 4 3
. Propositions to evaluate
Calculation of the process the waste in the Process

Development of the table cycle efficiency for the Cycle efficiency in ports of
for waiting time analysis Container Transportation India
Process
. / N J
s N s ™
Data gathering and

The analysis of the data

analysis of waiting time by provided by port manager

port managers

- / - J

' N\ 4 3\

Calculation of the process
cycle efficiency for the
separate processes

Value stream mapping for
separate process

. J \ J

Figure 3 Process of the research analysis

3.1 Processinformation, dataanalysisandresults comparison for the overall dwell time of contaispend in

The detailed process for import container handlinghe container terminal operations. We have idedtithat
from vessel berthing to gate out was discussedetaild most of the time of the container is spent in twentnal
with the port operations manager. The discussiodiged yard either waiting for inspection, scanning, exaation,
details of every micromanagement which is perforimgd further connection to the next operator, which eaute
the container terminal operator for the handlingtid dwell time to be as high as 24 — 72 hours for thektand
container cargo. This process is a complex handliriggin bound containers. Figure 4 illustrates theltiime
operation and requires material handling equipménth  at all the major ocean ports of India. We can ustded
is heavy duty and have to be managed by skilldtom the data of December 2020, January 2021, and
manpower. Right from the starting of handling véssd-ebruary 2021 that dwell time varies from as lowlds
berthing to quay cranes handling, this handlingttef hours to as high as 93 hours. Such a high gap éfl twe
container during import transactions passes througills for a study to understand the subprocessdamdify
various sub-operations processes. These sub-adivitthe reasons for such a variation in the inefficiernd
have been discussed in this paper along with tig@ntainer handling.

Avg. Dwell

time (In

Port hours)
Kandla 39
Dhandhari Kalan Mundra 27
Hazira 28
5 S INPT 26

Dhubn P
;C'\'{“”"’“i Ry VR Mangalore 73
\‘\ Cochin 56
' vy T D Tuticorin 23
ipavav s 9 aracip, Dhamea .
PDVSM,.L i N Chennai 64
NPT e g N
\__..,_“a Ennore 84
L < BN e Krishnapatnam 58
lormugaa Central Andhra porl .
el yramapaiam g Vizag 44
Mmgmmevg;: Powns /] Haldia 90
\\\ 2 .ge‘ft:g:?:;\wmuén s Kolkata 32
o @ Tuticorin / — PO
' ® Enayam -
-l

Figure 4 Dwell time comparison at India Ocean pd@surce: [33])
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As it is illustrated in Figure 4, the dwell time in3.2 Futurevalue sream map
different ports in India may vary greatly from 28uins in Based on the information that was gathered fronh por
Tuticorin to 90 hours in Haldia. As we understobist managers along with data analysis, future valueastr
variation in dwell time of import containers acras® mapping was proposed, where the process is depicted
ocean ports of India, we carried out a study toeustdnd without unnecessary wastes but with the usage @f th
the detailed process of import container handlingcaan technologies that are already present in ports.pFbeess
ports and find out the time taken by each process f cycle efficiency (3) increases from 16% to almd4for
vessel berthing to gate out and calculate the psocehe improved process, as could be seen in Appeldix

efficiency and draw a future value stream mapparghie where the value stream map of the improved proisess
container handling. The process timelines as defiyethe presented.

port managers are detailed in Table 2.

133.5
Table 2 Summary of handling time, value-added timaste Process cycle ef ficiency = 335 =
time and total dwell time (Source: Own research) 0.40 * 100% = 40% 3
Process Net Value- | Wastage| Dwell
hp rocess | added | time time This illustrates the process cycle efficiency o¥#and
andling time (In across . . . .
time (in minutes)|  ports thus examines 'ghe importance of technologlgs fdustry _
(In minutes) (In 4.0 for identifying this waste and improving upan i
minutes minutes Various types of delay reasons as briefed by partagers
Vessel 636 1335 502.5 2940 | are illustrated in Table 3.
Operations
+ Yard Table 3 Major challenges identified for waiting awdste
Operations (Source: Own research)
+ Gate out I mport container delivery
operation: Direct Importer | Container Freight Inland
station Container depot
As we can observe from Table 2, there is a wastage Customs Statutory clearance Container
container handling across terminals due to varfactors. readines scanner
Actual handling time (average time obtained viacfical Custom duty Readiness or | Manual scanners
data gathering) without any delay for the contaiiger unpaid availability of
equivalent to 335 minutes; however, due to waitiey |~ ——— ég‘%‘;ﬁgﬂﬁh
and other complexity associated with handling bulky w?th thg Y y
containers increases the overall container hantilimg to consigne
2640 minutes (average time based on the discusstbn
port managers). 4  Discussion

To understand how efficient the process is, thegss
cycle efficiency (1) was calculated according te th
formula [34]:

Technological change is influencing the environment
from many perspectives, including the port systefoshe
able to respond to market demand, the port shoeld b
Value added time proactive rather than reactive [18]. One of the sv&y
Total lead time ( achieve it is to use existing process optimisatibmts such
as VSM, the usage of which was applied in this ysisl

In our case, total cycle time is taken as Net PawceThe usage of VSM helps to visualise the process and
Handling time as the net process could be influérf2®  propose a more fitting amelioration. As visibilincreases,

the connectivity of supply chain elements [7] theper
Process cycle ef ficiency = 1335 _ 021 % 100% = proves t_hgt even complex port processes can bateper
210/236 (2) More efficiently. _ _ _ .

' The data analysis and discussion with port oparatio
managers illustrated the challenges of higher diive# at
container terminals. Figure 6, depicts the valueash
mapping as a visual representation where the casapar
of time for the time taken, value-added, and wastiag
illustrated. The green bar depicts the value-adidesl and
r?e grey one’s wastage time. Import containers #rat

andled from the vessel berthing to gate out ojmerst
generally take 335 minutes of handling time, incigd
wastage identified due to customs examination. Hewe
the challenges of rail connectivity and schedulstams

Process cycle ef ficiency =
y ff y Total lead time

Thus, in general, the process is not efficient.okding
to the opinion of specialists that participated the
research, the major reason for the inefficienaydging at
the gate as the number of containers does notlatarseith
the number of gates. There is congestion conneitixd
the smooth flow of the process. Although there a
variations in Net Process Handling time, the precesds
amelioration.
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examination, automated scanners, which are expectedper hour are affected during traffic congestion.e Th
cause a delay from 8 hours to 36 hours on accdydak operational strategies of twin lift mover are penfed to
volume, contributes to the median dwell time ofblirs  ensure the efficiency of container handling. Howedee
in handling a container import operation. to the complexity of handling and unavoidable detag
A research study evaluated the truck congestior tingross crane rate was reduced, causing a severdimmgg
and reducing waiting time at the terminal for impng on the container handling efficiency. The manager
efficiency, a part of the complete process wasistutb performs various advance planning strategies ferbiy
evaluate the efficiency [35]. Another researchigrsigma plan, vessel stowage plan, considering total stesight,
approaches for straddle carrier routing problenising loading sequence and weight factor. However, variou
VSM to understand the process in detail [36]. Tegearch complex handling due to multi-stakeholder causes th
study has evaluated the process from containehnibgrto  operations inefficient.
gate out and thus developing a future value streapping The confluence of Lean and Industry 4.0 improves th
with improved process cycle efficiency. Researchupit  quality, efficiency and flexibility [38]. For marenports,
container terminal productivity [8] suggested thiae Industry 4.0 technologies in the form of gate awdtiom,
major wastes are unnecessary motion and transportyard automation, and mobile scanners are gettimg th
documents in-unit terminal containers. In this paplee attention of the container terminal operators, Gbating
major waste was identified as waiting, which cano performing measures that can improve the effiyeand
contribute to the ports wastes understanding. gaieh reduce the handling time of containers.
study based upon decision making demonstrated that
digital platforms could bring significant changes i 5 Conclusion
inspects and detention charges which are on acamfunt  Thjs study incorporated a mixed research study in
delayed processing such as customs and examifid@bn which the process of import containers data isectéid
from one of the visibility projects in India, logiss data
T bank, and the respective port managers are distdisse
understanding the process cycle efficiency of each
Waiting time subprocess. A detailed data analysis of logistata Bank
project along with data collection from port manag®er
subprocess and detailled value stream mapping
understanding for process cycle efficiency wasutated

Hours

Scanning y Inspection

2 (Appendix I).
Taport The process cycle efficiency of 40 % was evalu&ded
manifestation the import handling containers in which the actirake of
[N | .|c2se of customs document handling container with the continuous process 35 3
Delivery minutes; however, due to the complexity of containe
sequencing handling and other challenging process and ddiaytdtal
Container handling time reaches 2640 minutes A time window

Yard  Berth Allocation
Delivery
E-recording |

discharge

equivalent to 335 minutes of handling time whictlules
wastage or delay on account of delayed customs
examination, rail connectivity and schedule, custom
Sl Complex Complicated examination, automated scanners increase thedwll
time to 44 hours. The results are important for ghely
from the perspective of mapping industry 4.0 tedbgies
Figure 5 Process complexity model (Source: Author)  which can assist in reducing this waste and thugésing
) ) ] ) the efficiency of container terminals. The futunaedy will
Figure 5 illustrates the process-wise complexitglélo  focus on understanding the export and transhipment
which is related to the process efficiency froninaetand rocess through a similar process and benchmatkiag
complexity perspective. This model might complentgat resyits with the other high performing ports at ghebal
understanding of the process timing and complexityeyel. The limitation of this study is the regiotetel study

Various processes of container handling have begg the level of India and specific ports for theadand
depicted in Figure 5, representing the simple tgiscuss availability.

complicated from the time of operations taken. Ascan
see, the processes such as inspection and waitiagitie  Acknowledgement
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Appendix |
Table 4 Subprocess and time took while handlindgy eativity
Average
Handling Average
Average Time Dwell
Type of Handling (Future Time
Process Type Process Process Time VSM) (in hours)
Vessel Import manifestatis Major 75 minute 75 minute
Berth allocation to the ves: Major 30 minute 30 minute
Vess_el Container discharge to the q | Supportin¢ | 2.5 minute | 2.5 minute
Operations
Inspection of the containe Supporting | 480 minute | 180 minute
E-recording Other: 1 minute 1 minute
Delivery sequencing generat | Supporting | 2 minute 2 minute
Delivery to the yar Supporting | 4 minute 3 minute
Receipt of delivery order of
sealed container customs for the
release and container is delivered
to the Port Authorit Other: 3 minute 3 minute
Release of clearance document o
Yard Operations by termina Supporting 5 minute 5 minute <
Update of container details along
with Bill of Lading details in
system and releases delivery
request form (DRF) to CFS ag | Supporting | 10 minute 10 minute
The yard dispatcher dispatchep
equipment to load the import
container onto the tru Supporting | 10 minute 10 minute
Weight and other truck-related
processes at gate operati Supporting | 5 minute 5 minute
Verification by In-Gate staff on
the consistency of the
Gate Operations documentation deta Supporting | 1.5 minute 1.5 minuts
Verification by Out-gate staff o
the consistency of the
documentation deta Other: 2 minute 2 minute
Verification of truck loading
weights Other: 5 minute 5 minute
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Appendix Il

Vessel Import Berth allocation to the Container discharge to Inspection of the E-recording Delivery sequencing Deliveryto the yard
manifestation vessel quay containers generation ]
ProcessTime=75min Process Time = 30 min mmans) Process Time = 2.5 min nmmun) Process Time = 180 min wumma)  ProcessTimezimin  mwms) Process Time =2 min -...._% Process Time = 3 min mng)
VATime = 75 min VATime = 30 min VATime = 25 min VATime = § min VATime = 1 min VATime = 0 min VATime = 3 min
Wastes =0 min Wastes =0 min Waste =0 min Wastes =175 min Wastes =0 min Wastes =2 min Wastes =0 min
Y \ O Y ] O ¥

Recetof defvery orcerof esled

@rtainer qustoms for the relesse ed
container s defivered bo the Part
Aoty
Process Time = 3 min
VATime = 0 min
Wastes =3 min

Y

monmm)

Verffication by Out-gate staff
on the consistency of the

Theyard dispatcher dispatches
equipment to load the import

Weighment and other truck
related process at gate

Verification by In-Gate staff on
the consistency of the

Verification of truck

Updateof container deta & oo with B
o Ladeg detas nsystem and relemes

Release of clearance

document by terminal loading weights

iy et i 0 W it container onto the truck operations documentation details documentation detals
mams)  POCESTINE=SMN  Laud  PORSTINEZIOMN Lnu poncrineojomn  memsh  promssTinesSmin MRS prossTmesismn  me=d  ProcesTinez2min  mmme  ProcessTimezSmin
VATime = 0 min VAT =07 VATime =5 min VATime =2 min VATime =0 min VATime =0 min VATime = 0 i
Wastes =5 min Wetsz0mn Wastes = min Wastes =3 min Wastes=1.5min Wastes =2 min Wastes =5 min
Y 9 o ) o ) o

Total Process Time = 335 min
VAT= 1335 min
Wastes = 201.5 min
Cycle efficiency = 40 %

Figure 5 Future Value stream map (Source: Author)
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