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ABSTRACT
This paper investigates the feasibility of different logistics solutions, or so-called setups, in a
third-generation port. To achieve this, a simulation model imitating the work of a real thirdgeneration port was developed. Four experiments with different logistics setups (the size and
number of shipped consignments to the port, dispatching time, deployed truck fleet, etc.). have
been configured and evaluated in the simulation model. The research shows that effective material
transfer from the plant to the port can be provided, if a pull- system is applied instead of traditional
push-system. This approach allows goods to be delivered just-in-time with the minimum costs of
labour and material resources.
Keywords: logistics, port generations, just-in-time concept, simulation modelling, pulling

systems.
1. INTRODUCTION
Ports constitute a vital part of the transportation system (Gonzalez-Aregall, 2017; Kuznetsov
& Galin, 2015). The role and function of the port within the transportation system have evolved in
recent years (Jakomin, 2003; Lee & Lam, 2015; Notteboom & Winkelmans, 2001; Tran et al, 2012).
Nowadays, it is possible to distinguish the five port’s types or generations (Jakomin, 2003; Montwiłł,
2014; Tran et al, 2012; Tran et al, 2011; UNCTAD, 1999). A first- generation port primarily includes
cargo handling (loading, unloading) functions, serving as interchange point, while a secondgeneration port besides cargo handling function also provides customer-oriented commercial
functions (Angeliki, 2005; Unescap.org, 2019). A third-generation port, additionally to previously
mentioned, has logistics and distribution functions with predominant container specialization
services (Angeliki, 2005; Jakomin, 2003; Lam & Song, 2013; Tran et al, 2011).
It could be assumed that information sharing technologies and total quality management
practices are still held value for the third-generation ports, as well. By the third phase of the
development, ports became logistics centres, providing value-added services for customers.
Therefore, just in time (JIT) principles of logistics, ensuring smooth flow of services and cargo are
required in the third-generation of ports. These logistics solutions, or so-called setups, reduce
unnecessary waste of resources, first and foremost, cargo lead time, ultimately bringing the reduction
of total costs and price, with a corresponding increase in productivity and profit (Tran et al, 2011).
Therefore, this study aims to investigate the feasibility of different logistics setups in a third1
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generation port. To achieve this, a discrete event simulation model of a real third-generation port was
developed in AnyLogic. A logistics system consisting of a manufacturer co-located with the port of
Ust-Luga (Russia) was used as an example. The manufacturer exports to Sweden. Four experiments
with different logistics setups were configured and evaluated by the simulation model. The input for
the simulation model comes from various databases and was implemented through constant and
random variables.
The remainder of this paper is structured as follows. Section 2 provides a literature review on
port development via different generations with an emphasis on logistics setups in ports. Section 3
considers the simulation modelling case: Ust-Luga port, which transforms to the status of the thirdgeneration port. In Section 4, the findings highlight the application of the just-in-time (JIT) approach,
which is natural for the ‘pulling type’ logistics system considered in the case.
2. LITERATURE REVIEW ON THE PORT DEVELOPMENT PRACTICES
Since the 1950s the ports’ roles have been changed every decade. By 60s, the functions of 1st
generation ports (1GP) were built in solid forms. Their extension from primarily cargo handling
continued in forthcoming years to commercial and industrial functions, adhered to the 2GP, which
were developed in 1960-70s. Then, 3GP appeared (Angeliki, 2005; Jakomin, 2003; Lam & Song,
2013; Tran et al, 2011), with predominant container specialization and emphasis on logistics and
distribution functions that afterwards transformed into integrated forms. As a result, 4GP as nodal
points of international supply chains evolved during 1990-2000s (Montwiłł, 2014; UNCTAD, 1999).
In the fourth-generation ports, logistics and distribution functions transformed into integrated
forms, bringing lean and agile practices into focus (Tran et al, 2011). The fifth- generation ports
referred in the literature as nodal points of international supply chains (Montwiłł, 2014; UNCTAD,
1999), where the application of lean manufacturing and six sigma approaches still considered as
relevant (Tran et al, 2011). Some others works identify the sixth-generation ports with environmental
protection law, integration of economic interest of the entire port community, as well as further
standardization of information sharing technologies (Kaliszewski, 2018).
Many researchers proved that the conceptualization of ports development from a logistics and
supply chain management perspective is reasonable and justified (Bichou & Gray, 2004; Lam &
Song, 2013; Marlow & Casaca, 2003; Panayides & Song, 2009; Song & Panayides, 2012; Tran et al,
2011; Tran et al, 2012). Recent studies of ports integrated into a network also consider quality
management practices in terms of a just-in-time approach, quick response, lead- time management,
lean and agile logistics (Lam & Song, 2013; Marlow & Casaca, 2003; Tran et al, 2011; Tran et al,
2012). To minimize costs, the principles of integrated logistics in the organization of deliveries of
products from the plant to the port for further export can be used (Panova, 2011). Just-in-time strategy
(JIT) is one of the main strategies for integrated logistics planning in supply chains (Dybskaya et al,
2008; Lukinskiy, 2008). It was introduced by the Japanese automobile concern Toyota and widely
used in the 1960s (Waters, 2009).
Logistic systems that use the principle of the just-in-time concept are ‘pulling’ systems in
which the placing of orders for the replenishment of stocks of material resources (Lukinskiy et al,
2016a) or finished products occurs when their quantity in certain parts of the logistics system reaches
a critical level (Lukinskiy et al, 2016b; Waters, 2009). In this case, stocks are ‘pulled’ through
distribution channels from suppliers of material resources or in the company’s distribution system.
In a traditional process, each operation has a timetable of work that must be finished in a given time.
Finished items are then ‘pushed’ through to form a stock of work in progress in front of the next
operation. The ‘push’ and ‘pull’ systems are applied to the concept of dry ports acting as buffers for
import-oriented or export-oriented seaports, respectively (Notteboom & Yang, 2017; Panova, 2009;
Panova, 2016; Rodrigue, 2008; Roso, 2009).
2
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3. SIMULATION MODELLING
The ‘pull’ system can be used to arrange the efficient maritime export operations, the delivery
of sandwich panels to the port from the plant. In the current study, that is the Betset plant, specializing
in single- and multi-layer wall panels that is located in the vicinity of Ust-Luga port (Dp.ru, 2016a;
2016b; Betset.fi, 2016). Its products will be delivered to Sweden from Russia via the port of UstLuga to Stockholm. Ust-Luga port is expected to become the core of the transport and logistics cluster
of the Russian North-West region (Isaeva, 2017; Makrushina, 2016; Neustroeva, 2011). Current
analysis of existing cargo flows showed that the port is on the 2nd place in Russia in terms of
processing the entire range of goods, and on the 6th place by processing high-yield cargo transported
in containers (Russia’s Merchant Seaports Association, 2016).
For the simulation of a complex system (plant – port) and corresponded integration of
production and transport processes, the discrete-event modelling has been used in AnyLogic, which
is one of the most common simulation systems developed in Russia and distributed abroad. AnyLogic
software provides four approaches to simulation (system dynamics; discrete-event modelling;
modelling of dynamic systems; agent-based modelling) or their combination within one model
(AnyLogic.ru, 2019; Ekyalimpa et al, 2016; Hilletofth & Lättilä, 2012). In the model, the material,
financial and information flows were considered as dynamic entities that occur with some periodicity
and are transformed in the process; while resources, e.g. equipment, stocks, etc. that provide the
business process were treated as static entities,
The aim of the simulation of the system under consideration was to design and analyze the
production system of the enterprise located in the vicinity of the port, as well as to plan the supply of
products to the port with allowance for the ‘pulling type’ of logistics system. Therefore, for each
dispatch, it was necessary to determine the transit time to the port. Then, in the reverse order, taking
into account the moment of the start of the discharge of the first batch in the port, the time to start
loading the panel trucks in the plant had to be calculated, taking into account the loading capacities
in the warehouse of the plant. If the shipping lot is large, then, assuming the number of available
trucks used to deliver cargo to the port, as well as the speed of transhipment, the next approach
moment was calculated, based on which the loading time of the remaining trucks was determined.
On Figure 1, the top line with the blocks of the process modelling library describes the
delivery of panels to the port, while the bottom line reflects the process of the ship loading. The
model includes the two Event blocks. With the help of one Event, the arrival of the vessel at the set
time was generated, and with the second Event, the loading operations was immediately activated
after the arrival of the vessel. Hold blocks fix the moment, when the accumulation of the shipping
consignment is provided (hold) and the vessel is ready to perform loading operations (hold1).
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Figure 1. Discrete-event model of ship consignment accumulation.

For the development of the model, it was assumed that finished products from the storage
zone of the manufacturer will be sent to the port of Ust-Luga employing road transport. To deliver
the ship’s batch to the port (3000 m2 in size), there are 5 trucks available. Since ship consignment
equals 3000 cubic meters and one panel is 3.75 cubic meters, then, 800 panels should be sent to the
port. To solve this task, the following input data for the model was taken into account (Table 1).
Table 1. Input data of the model.
Parameter

Value

Time for one delivery from the
plant to Ust-Luga

On average 4 hours, taking into account
the empty voyage

Loading time of each panel
block per vessel (4 panels in the
block)
The number of trucks
The cost of truck operation
The cost of renting additional
truck-panellists
The amount of tone transported
by one truck
Cost of storage of one ton
The capacity of the storage area
in the port
Preferential time of the ship's
idle time
The penalty for idle time

5 units
1000 Rubles per hour

Constant/ Random Variable
Described by triangular distribution
(min time - 3.5, mode - 4,
and max - 4.5)
Described by triangular distribution
(min time - 12, mode - 15,
and max - 16)
Fixed value
Fixed value

1500 Rubles per hour

Fixed value

16 tones

Fixed value

On average 15 minutes

5 Rubles/hour for 3 days, from the 4th
day - 50 Rubles/hour
the maximum value equals the size of the
ship consignment, 800 panels or 3000 m2
1 hour after the laytime expiration (24
hours)
6500 Rubles for 1 hour of demurrage

Fixed value for each period
Fixed value
Fixed value
Fixed value

4. FINDINGS
Based on the analysis of the model output, the best option for the organization of the
integrated operations between the manufacturer and Ust-Luga port is when the consignment to the
port is delivered in two parts ‘A’ and ‘B’ instead of the option of delivering the whole ship
consignment (‘A’+’B’=100%) from the plant to the port before the arrival of the vessel. That is to
say, the delivery of the first part of the shipping consignment ‘A’ from the plant to the port should
be done just in time of the vessel arrival, while the remainder of the cargo (part ‘B’ of ship
consignment) needs to be supplied to the port at the required time, i.e. when the vessel is already
4
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moored to the berth and the consignment of cargo ‘A’ is under transhipment to the vessel.
In the current model, before the vessel arrives, the first part ‘A’ of ship consignment (85%)
is delivered to the port by the trucks-panellist. This option allows ensuring almost thorough continuity
of ship loading and reduces fines due to time lost on waiting. The second part of ship consignment
‘B’ (15%) arrives during the loading of the remaining cargo from the first consignment ‘A’; such a
parallel organization of work is provided by the minimal use of resources (5 trucks-panellists).
Therefore, the total cost is 31% less than in the first experiment, where the entire ship consignment
(‘A’+’B’) is delivered to the port before the arrival of the vessel.
Also, the option of arranging the delivery of ship consignment to the port, when the first part
of the ship’s batch ‘A’ equals 85%, is three times cheaper than the other, third alternative, which
assumes the delivery of the first part of the ship’s batch ‘A’ in the volume of 80% of the whole ship
consignment to the port. The reason for such difference is that when delivering the smaller first part
of the shipping consignment to the port, the entire second part of the shipping batch (20%) cannot be
delivered on time due to the limited number of resources used (5 trucks- panellists). Therefore,
continues loading operations with the ship cannot be provided, leading to an unproductive idle time
of the ship and additional costs due to fines.
If to propose the fourth alternative, that is, to lease additionally 3 trucks in order to deliver
the remaining 20% of the ship consignment from the plant to the port on time, rather than with the
delays, as in the third alternative, then the cost will increase. They will be 5% higher than in the best
option with consignment arrangement in 85% and 15% delivery parts, when the transportation of the
remaining second part of the shipping consignment (‘B’15%) can be provided by minimum number
of resources, 5 trucks-panellists, at the required time. Thus, the application of logistics system, which
is ‘pulling’ by nature, and assumes the use of the just-in-time (JIT) approach allows the smooth
transfer of the materials from the plant to the port. By doing so, the process of transhipment can be
continuous and paired with the efficient use of the allocated material resources (vessel, trucks, and
cranes) and their lead time.
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