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Reduction of exceeding the guaranteed service time for external trucks at the DCT 

Gdańsk container terminal using a Six Sigma framework 

Purpose  

The purpose of this research was to investigate ways to reduce the average amount of 

exceeded guaranteed service time for external trucks at Deepwater Container Terminal 

Gdańsk Sp z o.o. (DCT Gdańsk) via dosing the gate activities, in particular IN-Gate entry 

process of trucks carrying import/export/transit containers. 

Design/methodology/approach  

A Six Sigma methodology with the DMAIC methods along with the SIPOC chart, cause and 

effect diagram, scatterplot, benchmark and brainstorming and finally multi-voting tool are 

used as analyses tools in this research. 

Findings 

Deepwater Container Terminal Gdańsk Sp z o.o. (DCT Gdańsk) reorganized and modernized 

the Gate Operations. Gate reorganization and modernization includes streaming line traffic at 

the gates, external parking lot optimization, implementation of dedicated supporting software 

and installation of dedicated CCTV cameras to provide 24h life view. During gates 

development, the external truck service times data were collected and analysed. The obtained 

materials concerned the measurement of the average truck turnaround time before and after 

the implementation of the improvements. 

Originality/value 

The proposed approach of reducing the average amount of exceeded guaranteed service time 

of external trucks at the container terminal is unique and relatively cheap mainly due to 

organisational changes with some widely available low-cost investments and can be applied 

on a different scale to other container terminals or to transport and logistics companies. 
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1. Introduction 

Shipping is the backbone of world trade, with an estimated 80 percent share of all cargo. 

Container terminals, on the other hand, are the basic link in this type of transport and as much 

as almost 20 percent of global maritime trade. Container shipping in 2019 was valued at 

approximately $ 14 trillion. Containerization is one of the most important forms of unitization 

of loads and their transport (Park and Suh, 2019). This method made it possible to transport 

specific loads in one separate form, while maintaining the dimensions and weight during 

transport, handling, and storage, i.e. during the entire transport process. More than 50 years 

have passed since the creation of the first container terminal, and this event has radically 

changed the global transport network (Salomon, 2013). 

Container ports are at coastal and riverbanks areas that allow containers to change methods of 

transport on their way to their final destination. They are located in strategic places, creating a 

complex logistics network. Often the cargo arrives at the container terminal on one ship and is 

transferred to several modes of transport for delivery to inland customers. The terminal is an 

area dedicated to unloading, loading, and storing cargo in containers and temporary storage of 

containers.  

Sea transport has been growing in its activities for many years. The world volume in 2017 was 

757 million TEU, and in 2019 it increased to 811 million TEU [I]. TEU (twenty-foot equivalent 

units) is a unit of capacity often used for ships, ports and trains. It is a representation of a 20-

foot container with dimensions of 6.10 meters long by 2.44 meters wide and 2.59 meters high. 

The standardized ISO series 1 container with a length of 40 'corresponds to the value of 2TEU. 

A truck can transport up to 2TEU units at a time, a railway train with a length of about 650 

meters 84 TEUs, and an ocean container ship even up to several tens of thousands of TEU [II].  

Modern ports operate in an increasingly complex and sophisticated transport and logistics 

environment, embedded within multi-scalar planning regimes (Monios and Wilmsmeier, 2013). 

The automated terminals will gradually replace the solutions used in specialised terminals and 

will become the most common type of container terminals in the world around 2030 (Krośnicka, 

2021).  Due to the variety and number of challenges facing terminals and ports, the concept of 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


3 
 

‘Smart ports’ is extensively discussed in ports all over the globe manly due to increasing 

congestion and the push for a greener modal shift, more reliability and visibility of goods, and 

more sustainable activities in and related to the port  (Boullauazan et al., 2022). 

The container transportation is treated as a major component of intermodal transportation and 

international commerce (Crainic and Kim, 2007). In Poland, the use of container terminals for 

transport is constantly increasing. The annual throughput capacity of intermodal transport in 

2020 amounted to 8.2 million TEU, of which 5.2 million TEU at sea terminals. A total of 77.9 

million tonnes of containerized cargo were transhipped, including sea transport - 29.2 million 

tonnes, road transport - 25.5 million tonnes, and rail transport - 23.3 million tonnes. The main 

loads transported by intermodal transport belong to the group of unknown goods, in 2020 it was 

as much as 32.5% of all loads. Mixed goods also constitute a significant share - 24.7%, followed 

by food products, tobacco and beverages - 11.5%, and various types of loads from the chemical 

group - 10.2% [III]. 

Due to the growing quality and economic requirements for container terminals, as well as the 

constantly increasing competition on the market, they invest in continuous modernization and 

deployment of available advanced technological products and processes. In this way, new 

solutions regarding different processes and services provided by the container terminals are 

developed. One of the key processes is container handling, i.e., changing the mode of transport, 

from sea to road or rail and vice versa. It has a significant impact on ensuring the appropriate 

level of the service provided. Container terminals use many different strategies to ensure their 

smooth and damage-free course, applying the newest and emerging technologies based on 

artificial intelligence, automation, optical camera recognition, sensors, and scanners (Barasti et 

al., 2021). The Internet of Things technology provides smart solutions for storage and 

monitoring the data at the port. RFID technology for identification and location can contribute 

to safer and shorter handling times (Kosiek et al., 2021). Despite high costs, automatization and 

modern port technologies allow to increase efficiency and reduce human errors. Container 

handling processes should be continuously improved so that seaports could handle more and 

more containers in the shortest possible time, in due safety measures. Limiting the available 

stacking area and the number of handling equipment extends the time of loading/unloading 

operations (Grubisic et al., 2020). An effective operational plan at container terminals requires 

many factors, methods, and simulations to be considered when making decisions (Won and 

Kim 2009). One of the aims to be achieved is minimizing the turnaround time of vessel 

unloading at a definite berth location, as studied in (Deja et al., 2017). An automatic scheduling 
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method based on information fusion of association rules for the dynamic loading of shipping 

container routes in an international logistics environment was proposed in (Wang, 2019). 

Nevertheless, minimizing gate congestion at a marine container terminal, and thus reducing the 

truck’s turn-around times is considered to be a major issue faced by container terminals and 

even local government authorities, as congestions or emissions often become a social problem 

even in large areas adjacent to the terminal (Hur et al., 2020; Park and Suh, 2019). The 

disruption of external truck arrivals is an important and complex issue and can significantly 

impact the entire system performance (Li et al., 2018). Thus, Truck Appointment System (TAS) 

is crucial for improving operational efficiency and benefits both terminal and truck company. 

By optimizing the truck turn-around times and thereby the landside shipping cost, the terminals 

can gain a competitive advantage in the industry, as shown in (Regan and Golob, 2000; Huiyun 

et al., 2018, Abdelmagid et al., 2022). Xu et al. used mixed integer nonlinear programming 

(MINP) to determine the best appointment plan for each truck with the target of minimizing the 

overall operation cost (Xu et al., 2021). A variety of inter-related decisions made during daily 

operations at a container terminal to minimize the waiting time of customer trucks was 

described in detail in (Murty et al., 2005).  

The Six Sigma methodology was proposed as an optimisation tool for reducing trucks’ 

congestion in marine container terminals, in both, the entrance and exit gates weighbridges 

(Nooramin et al., 2011). Six Sigma methodology aims to achieve improvements in the most 

economical manner possible and is focused on reducing waste in business processes. It 

encourages companies to look at their processes from the customer's point of view (Arthur, 

2011, Raval et al., 2019). It is a data-driven methodology that provides companies with the 

tools to improve their processes. Increased productivity and a decrease in process variability 

led to fewer defects, improvement in product quality and customer satisfaction (Keller, 2011). 

The authors of this paper also applied the Six Sigma methodology for minimizing gate 

congestion in DCT Gdańsk. Over the past few years, the road gate at the DCT Gdańsk has 

undergone various modifications, related to the servicing of external trucks at the entrance and 

exit of the terminal. Nowadays, a new gate automation system uses a combination of smart card 

technology, optical character recognition (OCR) cameras and unmanned driver kiosks to allow 

registered drivers to go through the terminal’s gates with no documentation flow or delays 

(Moszyk et al, 2021). The purpose of this paper is to describe and examine the implemented 

reorganizations and modernizations to the road gate operations at the DCT Gdańsk which had 

an impact on the reduction of the average amount of exceeded guaranteed service time for 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


5 
 

external trucks in DCT Gdańsk. It was decided to set a goal of reducing by 30% the average 

number of external trucks with exceeded service time of 60 minutes by the end of July 2015, 

with the assumed increase of the average number of incoming trucks by almost 30%. The 

company decided to apply appropriate measures to achieve agreed goal.  

The framework of Lean Six Sigma was successfully applied as a decision-making optimization 

tool in strategic/operational levels (Nooramin et al., 2011). It was also to support continuous 

improvement in the maritime industry (shipbuilding, logistics services and shipping companies) 

during COVID-19 pandemics (Praharsi et al., 2021). The challenging issues inherent in this 

problem, and the limitation of existing research related to the topic, robustly motivated 

presented study. It aimed to apply a Lean Six Sigma framework to reduce the average amount 

of exceeded guaranteed service time for external trucks at DCT Gdańsk. The Six Sigma 

methodology used since 2014 in DCT Gdańsk proved to be an effective tool for increasing 

process efficiency, which led to the improved bottom line results and enhanced satisfaction of 

customers (truckers) who come to the terminal for container pickup and delivery 

2. Assessment of the gate operations at DCT Gdańsk 

2.1. Container handling at DCT Gdańsk - current situation 

Operations and services provided by the container terminal cover the receipt (export) and 

delivery (import) of containers (full or empty) into or out of the DCT Gdańsk yard. These 

services include receiving and delivering containers at the gatehouse and all administrative 

work related to operations matters, i.e. delivering the documentation and reporting to the 

shipping lines. The evidence of visible external damage to containers being received or 

delivered must be reported immediately to the customers. The services may also include the 

attachment of valid or removal of invalid labels, recording and reporting on the seal number on 

all full containers (on demand, the attachment of high-security seals to containers received and 

delivered by truck), and moving containers off chassis to stacking yard area or loading 

containers onto chassis.  

The container terminal provides to the shipping lines and its clients, truck handling in and out 

of the terminal, 24 hours a day, from Monday to Saturday. Truck handling on Sundays and 

National Holidays is subject to 24 hours advance notification in writing not later than 1500hrs 

on Friday and at 1500hrs on to the day before the National Holiday day. DCT Gdańsk provides 

24 hours a day, 7 days a week service, excluding time from 02:00 p.m. on Saturday till 02:00 
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p.m. on Sunday. The container terminal reserves the right to change gate working hours 

depending on the gate situation, provided the customer has been informed and that it is not 

deteriorating the quality of the service level. Landside road gate operations in DCT Gdańsk are 

presented in Figure 1. 

 

Figure 1. Landside road gate operations – DCT Gdańsk, authors' own work. 

The container terminal guarantees a maximum of 60 minutes of turnaround time for a single 

truck, calculated from the time trucker checks-in on the gate in to the moment of gating-out the 

terminal provided that the orders/pre-notes of the cargo have been introduced by the customer 

properly into the Terminal Operating System and that the trucker proceeds immediately to the 

terminal main gate after the check in at the pre-gate. The container terminal guarantees a 

readiness to handle up to 100 trucks per hour providing that gate traffic justifies and the 

container terminal will also look into providing alternative solutions to upgrade the capacity of 

the parking area.  

If the container terminal consistently fails to meet the set standards defined conditions resulting 

in the trucks waiting time charged to the customer, the customer has the right to seek 

compensation from the container terminal per truck starting after a grace period of three hours 

exceeding the guaranteed time. 

 

2.2. Operation Strategies at Container Terminal to guarantee external trucks service time 
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Global production and consumer markets are in a continuous change and adaptation to new 

conditions. All implemented developments are being done to reach one target – to improve the 

competitive situation and help to offer more services as well as more reliable and faster supply 

chain at better costs. The challenge is based on the known fact that: “The cargo is finding its 

best way from producers to customers – the direction is always driven by cost and service 

criteria” as presented in Figure 2 (Ullrich & Baumert, 2018). 

 

Figure 2. External impacts forcing the container terminals to keep competitive advantage – 

authors' own work based on the reference (Ullrich & Baumert, 2018). 

 

Operational strategies for adjustment and optimization are being set by the terminal 

management. In the past, port and terminal constructions were pushed by the strong and 

sustainable growth of containers worldwide. But the total market demand of the countries or 

regions wasn’t considered reasonable and the high volatility of trade volumes led regularly to 

periods of overload and overcapacity. Poorly performing ports can lose volumes as shipping 

lines (or their alliances) are likely to find capacity in neighboring ports in the region or country. 

With current expansions, European ports will be capable to handle in 2024 143 million TEUs 

annually compared with 86 million TEUs in 2014, i.e. an increase by 66% (Prokopowicz and 

Berg-Andreassen, 2016). Container handling at terminals and ports has been steadily increasing 
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over the past decade. The example of the Port Gdańsk located in Poland confirms the expected 

increase in container handling by 63 % comparing the years 2021 and 2016, with even four 

times higher handling when compared 2021 to 2010 [VI]. Thus, the port industry is under 

pressure to cope with the increasing freight volume. The terminals acting as main hubs can 

handle containerships of 24,000 TEUs plus which, however, causes allocation problems on the 

berth (Park and Suh, 2019). A pier length of 500 m or more with proper depth must be secured 

for a container ship with a capacity of 30,000 TEUs (Son and Cho, 2022).The shallow depth in 

some seaports requires dredging operations which are associated with high cost to the port 

operators (Salleh et al., 2021). 

The total time of cargo in the port is an essential criterion for freight forwarders to offer their 

customers (the shippers) the shortest delivery times to consignees. In regions with diverse 

options to enter the market, as the situation is within the EU, a short port transit time gives a 

competitive edge to be one of the top performances. This includes, in addition to the quality of 

infrastructure, the time of border procedure. Thus, for all considerations of port performance in 

total, the customs procedures including inspections are important. Therefore, the collaboration 

of customs with the port and terminal operators in the meaning of information flow is relevant 

for the total time in the port of the containerized cargo and for the logistics performance of 

countries – the lead time of import and export in one decisive performance indicator to 

determine logistics performance of countries. 

Optimal performance from the customers’ point of view is available on demand at any time to 

the full extent and with perfect reliability. Thus, all considerations regarding port performance 

must be done in this very general manner availability, time and reliability being the main criteria 

for satisfactory performance. The most relevant issues regarding the port and terminal 

optimization are presented in Figure 3. 
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Figure 3. Fields of the container terminal optimization – authors' own work based on the 

reference (Ullrich & Baumert, 2018). 

 

2.3. Gate operations in 2014 before implementing the changes 

 

DCT Gdańsk gate operation results from the 2014 year can be seen in Table 1. During a single 

year cargo flows fluctuations and seasonality can be observed, thus container terminal needs to 

be prepared for different scenarios and volume changes. All of them are directly influencing 

the yard situation and condition as well as the number of trucks involved in the continuous 

cargo flow. 

 

Table 1. Terminal gate operation results from 2014 year – DCT Gdansk, authors' own work. 
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What is important to be noticed is the fact that monthly on average DCT Gdańsk handled 

between 12 000 containers in 2014. It can be stated that DCT Gdańsk during weekdays handled 

roughly 550 boxes.     

DCT Gdańsk provides clients with an appropriate level of container handling services. The 

maximum time of the truck's stay in the terminal yard may not exceed 60 minutes, counting 

from road gate IN to the moment of leaving the terminal – road gate OUT. Since August 2014, 

the company has noticed a change in truck service time which has increased by over 60%. 

Together with this, the average number of trucks arriving at the terminal also increased, by 

more than 7%. DCT Gdańsk decided to set a goal of reducing by 30% the average number of 

external trucks with exceeded service time by the end of July 2015 with the assumed increase 

of the average number of incoming trucks by almost 30%. The company decided to apply 

appropriate measures to achieve agreed goal. 

At the beginning, appropriate data collection and measurements were made before 

implementing the changes. They were collected from February 2014 to the end of January 2015 

as presented in Figure 4.  

 

 

Figure 4. Monthly road performance comparison II – VII 2014 vs. VIII 2014 – I 2015 – road 

moves vs. average service time & truck which exceeded guaranteed service time at DCT 

Gdańsk, authors' own work.  
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The data shows that the average monthly number of external trucks arriving at the port increased 

by approximately 7.3% (679 trucks), but the average service time of external trucks increased 

from 21.5 to 23.5 minutes, which gives us about 9% difference. The red line on the chart, which 

indicates the number of trucks with exceeded guaranteed 60 minutes service time, increased 

significantly from 198 to 325 trucks, i.e. as much as 64%. 

 

3. Methods and Methodology  

Six Sigma methodology was used for achieving process efficiency and effectiveness, resulting 

in enhanced customer satisfaction and improved bottom line results. The research methodology 

used in the case study was based on DMAIC methods and included the following phases 

(Keller, 2011; George et al., 2004; Gygi and Williams, 2012): 

• Define phase – in which the goal, objectives and deliverables were articulated. The DCT 

Gdańsk business case was described, with the plan to increase the container handling in 

gates relation by 100%. Such an increase in the import and export of containers results 

in a significant, almost 80% increase in external truck traffic. At the moment of defining 

the scope,  an average of more than 3% of external trucks were serviced for more than 

60 minutes of contracted service time. The process of defining the objectives of the case 

study is shown in Section 4.1;    

• Measure phase – process definition at the detailed level to understand the decision 

points and comprehensive functionality within the process. It includes the metric 

definition to verify a reliable means of process estimation, the process baseline 

estimation to clarify the starting point of the case study, and measurement system 

analysis to quantify the errors associated with the metric. The objectives of the measure 

phase are presented in Section 4.2; 

• Analyze phase – pinpointing and verifying causes affecting the key input and output 

variables tied to the study goal, to find the critical causes. Preparation of the charts and 

other analyzes that show the link between the targeted input and process. Identification 

of value added and non-value added work and calculation of process cycle efficiency. 

The deliverables of the analyze phase are shown in Section 4.3; 

• Improve phase – developing, selecting, and implementing the best solutions, with 

controlled risks. The main purpose of this stage is to learn from the pilot’s 

implementation of selected solutions and execute full scale implementation. After that, 

the effects of the solutions are measured with the KPIs developed during the Measure 
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phase. The Main goal of this phase is to achieve an improved process that is stable, 

predictable, and meeting customer requirements. The outcome of this phase is presented 

in Section 5.1.   

• Control phase – during which the case study was completed and the improved process 

handed over to the process owner along with the procedures for maintaining the profits. 

The main objective of this phase is to document a plan to transfer the improved process 

back to the process owner and implement a monitoring system for the implemented 

solutions along with a process control plan with specific metrics to be used in regular 

process auditing. Competed study documentation, including lessons learned, and 

recommendations for further actions or opportunities are shown in Section 5.2. 

 

4. Road gate strategies study to reduce the external trucks service time  

To improve overall terminal road gate operations, reduce congestion at terminal gates and its 

resulting economic, operational, and environmental implications different solutions have been 

proposed and implemented over the last few years. These can be distinguished into two 

planning/control levels which includes the strategic level (e.g. capacity expansion), and the 

tactical/operational level (e.g. extending gate hours, appointment systems etc.). As demand 

increases and operation efficiency decreases at the landside of marine container terminals and 

the surrounding roadway network, it is expected that more states will follow this paradigm 

(Maguire et al., 2010). 

The DCT Gdańsk container receipt/delivery process identification is presented in Figure 5. It 

shows the large number of complex activities influencing the efficiency of the container 

handling due to the possible gate congestion at a marine container terminal.  

 

Figure 5. The main processes of container receipt/delivery on/from external truck at DCT 

Gdańsk, authors' own work.   
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DCT Gdańsk in fourth quarter of 2015 and during 2016 assumed in the business plan the 100% 

increase in container handling at the road gate. As a result, the increase of container handling 

activities in the import and export of containers was expected, i.e., almost 80% of the increase 

in external truck traffic.  

The scope of the gate strategies study included the analysis of the number of external trucks 

receipting and delivering containers, their average service time and the number of trucks which 

are exceeding guaranteed service time. The case study team could implement any proposed 

change based on proper data analysis after approval by the Operations Director. However, the 

changes were not supposed to concern the activities at the quay and on the railway siding, and 

there was no budget for the purchase of additional hardware, software, or an increase in 

employment. It was found that on average, more than 3% of incoming trucks were served longer 

than the required 60 minutes.  

4.1. Define phase  

It starts with identifying who the customer is and what their expectations and requirements are 

for the products and services. These requirements are then translated into the customer's CTQ 

(Critical to Quality). It focuses on setting the boundaries of the study. It is important to establish 

what are the goals of the team, the boundaries of the study and its focus (what belongs and what 

does not belong to the study). It uses process mapping to create a clear picture of the boundaries 

of a study. 

At the case study level, an "outside" perspective helps to understand what the client really wants 

in relation to the process. An external customer is the person or company that is the originator 

of the process output and its end user. The crucial thing is to understand how the client perceives 

the process, on what it is paying attention when measuring process results. What it requires and 

what needs to be done to meet its requirements. 

During the study, it is important to look at the list of clients and divide them into similar groups. 

This helps to focus on the customers related to the process in the aspect of the most important 

and similar needs and priorities. Customer segmentation makes it possible to understand the 

specific needs of different groups and focus on appropriate improvement actions. 

The above-mentioned steps were crucial to understanding the trucking companies’ and truck 

drivers’ perspectives plus the need for the improvement of the truck service time process. In 

the terminal operating system of DCT Gdańsk, there are over 2000 trucking companies 
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registered that use almost 7000 truck drivers who utilize close to 13000 trucks on a daily, 

weekly and monthly basis.   

The study began with creation of the study charter, which is a document that allows to define 

the study framework for the improved process and defines the goals to be achieved. In this card, 

it is clearly described what is expected from the team and it helps to focus on the most important 

activities and areas related to the priorities of the organization. 

The business case described the general situation with respect to the process that will be tested 

and outlined the reason why the study should have a business priority. DCT Gdańsk in the 

business plan for the 4Q of 2015 and 2016 year planned 100% increase in container handling 

in road gate operations.  

Definition of the problem accurately described the problem as it would have to be solved. It 

represents the observed symptoms and / or effects of the problem. During the case study 

preparation, an average of more than 3% of external trucks was serviced for more than 60 

minutes of contracted service time. The case study goal was to reduce of 30% average amount 

of exceeded guaranteed service time for external truck drivers in DCT Gdańsk until the end of 

July 2015, with assumed increase of the average number of trucks serviced by almost 90%.  

The SIPOC map is a tool that facilitates the documentation of all processes in the company. It 

helps to create an "image" of the process by creating a "high-level" flowchart. The external 

client receives the process output that is the result of the process, such as: product, service, 

processes, or resources. The process itself is a series of steps or actions that are expected to lead 

to the expected result (outputs). The key is to identify the input data and their supplier for the 

process to function properly. 

The SIPOC map of the container receipt/delivery process at DCT Gdańsk is presented in Figure 

6. The process starts from the verification of the driver’s data and the acceptance of the terminal 

rules and procedures. Only then data can be verified in the terminal operating system and the 

system can allow to entry terminal premises. A driver is making its way to the terminal location 

from which a container will be picked up or delivered. When the container handling process is 

completed, a driver is in transit to the exit gates where data is verified again by the system to 

obtain permission to leave the terminal. 
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Figure 6. SIPOC map of the container receipt/delivery process at DCT Gdańsk on/from an 

external truck, authors' own work.   

Quick hits are additional steps in finding solutions for the process improvement at the early 

stage of the study. They quickly improve the process and motivation to continue working on 

major changes in the process. During this phase, a decision was made to streamline traffic at 

the gates. Initially, DCT Gdańsk used 4 gates: 2 for entrance – gates 2 and 4, plus 2 for exit – 

gates 7 and 8. DCT Gdańsk decided to start operations on additional gates: entrance gate 3 and 

exit gate 6 as presented in Figure 7. Gate number 5 was not used due to safety and operations 

reasons.  
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Figure 7. Quick hits – External truck leaving DCT Gdańsk using gate number 6, authors' own 

work. 

This resulted in the commencement of infrastructure works to facilitate the proper transit at the 

gates. Implemented idea, allowed drivers to use the gate complex safely and efficiently.  

4.2. Measure phase  

The main objectives of the Measure phase are the identification of key indicators for the 

process, defining the desired level for the indicators along with information on the specification 

and its boundaries as well as defects. During this phase, building a data collection plan, 

validating the measurement system, collecting data to measure the current state (process), 

analyzing the volatility of indicators, and determining the type of data are crucial. 

Measurements can be applied to any type of the process or product in order to evaluate its 

quality.  

The main purpose of realizing the Voice of Customer (VOC) tool is to set priorities and goals 

consistent with customer needs. Total Quality Management (TQM) is management of 

philosophy concerned with people and process that focused on customer satisfaction and 

improves organizational performance (Othman, 2021). Implementing a guaranteed policy that 

goes beyond the market as a whole, a company indicated that it stands behind the quality of its 

services, and is ready to demonstrate its commitment by taking a financial risk. This is where 

the Voice of the customer and Total Quality Management come together. Voice of Customer – 
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trucking company and external truck driver – who are receipting and delivering containers 

from/to DCT Gdańsk is presented in Figure 8. 

 

Figure 8. Voice of the Customer – customer service time expectations at DCT Gdańsk, authors' 

own work. 

The proposed data collection plan is presented in Figure 9. The data collection plan determines 

the segmentation factors and the type of data which should be gathered. If the data is given in 

the wrong format, it cannot be used in the next phase. The sampling strategy must be determined 

to collect data not from the entire population but from the representative group. After 

establishing the measurement system analysis, the final step is to start collecting data. 
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Figure 9. Data collection plan, authors' own work.  

Measures of central tendency and span show how tightly data cluster around a central point. 

The most common measures of central tendency are mean and median values. The histogram 

shows the shape of the distribution by showing how often the values in each interval (classes 

or inversions) appeared.   

Histograms from the data collected from February 2014 to the end of January 2015, created 

using the MINITAB software (Brook, 2017), are presented in Figure 10. Results show that:  

- the average service time is 23.6 minutes and median 23 minutes – Figure 10 a. It is 

seen that both measures are close to each other and significantly below target for the 

described indicator, which was 30 minutes (+/- 30 minutes). 

- there are days during which service time exceeded guaranteed time – defect definition. 

The histogram presented in Figure 10 b shows that there was an average of 10 defect 

cases per day, with a median of 7 cases.  

- the number of vehicle services in DCT Gdańsk during a single day is characterized by 

a bimodal histogram with two peaks – Figure 10 c. The data represents the same 

process, however, the first peak refers to the number of trucks over the weekend and 

on public holidays and the second peak represents the number of trucks on weekdays.   

Regarding the number of defects, the goal set in DCT Gdańsk was to reduce by 30% the average 

number of external trucks with an exceeded service time of 60 minutes by the end of July 2015. 
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According to this, the number of cases with exceeded service time should not be higher than 7 

defects per day by the end of July 2015. Although the results show that the average service time 

is below the target of 30 minutes, for the analyzed period and the number of trucks served, but 

the assumed increase in the average number of trucks serviced by almost 90% might disrupt the 

operations at the gates, and as a result, the average service time may be longer. Due to this, 

Quick hits were introduced during the Measure phase to quickly streamline the process and to 

be prepared for an increased number of truck servicing. Quick hits concerned CCTV cameras 

located in the DCT Gdańsk gate complex. The gate complex, according to the International 

Ship and Port Facility Security Code (ISPS), is equipped with CCTV cameras to provide a 

constant 24h preview. During the Measure phase of the case study, the decision was made to 

change camera locations and settings, so the whole operations department gained a preview of 

the parking lot situation – Figure 11. The view from the camera is displayed on the monitors in 

the Control Room. Thanks to the implemented idea, dispatchers who manage the movements 

of container terminal equipment, gained a constant view of arriving external trucks. This helped 

them allocate resources adequately and quickly in response to changing requirements.  
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                   a) 

 
                  b) 

 
                    c) 

 

Figure 10. Histograms from the data collected in the period from February 2014 to the end of January 

2015: a) Average Service Time during a single day, b) Cases per single day of Service Time > 60 minutes, 

c) Number of Vehicles during a single day, authors' own work.  
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                  a) 

 
                 b) 

 
 

Figure 11. View on the parking lot at DCT Gdańsk available for the whole operations 

department after introducing the Quick hits during the Measure phase: a) view on the Parking 

1, b) view on the Parking 2, authors' own work.  

4.3. Analyze phase 

The main goal of Analyze phase is to use the collected data to find patterns, trends, relationships 

that can help in suggesting, supporting, or rejecting theories related to causes or effects. 

Segmentation of the process output data gives a much better picture of how the process works.  

As it was shown in the Measure phase, the number of vehicles services in DCT Gdańsk during 

a single day of the whole week was characterized by a bimodal histogram with two peaks – 

Figure 10 c. In Analyze phase, the focus will be put on the weekdays peak (the second peak in 

Figure 10 c) with the bigger number of the vehicles serviced at DCT Gdańsk, and thus with a 

greater influence on the course of the process.  
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Histograms from the data from the weekdays, collected from February 2014 until the end of 

January 2015, are presented in Figure 10. As expected, with heavy traffic on weekdays, it can 

be stated that: 

- the average service time is 23.2 minutes, the median 23 minutes – Figure 12 a. These 

values are remarkably close to the values obtained for the data from the whole week 

(Figure 10 c), and both measures are close to each other, significantly below target for 

the described indicator, which was 30 minutes; 

- there are more cases during which service time exceeded guaranteed time comparing 

to the data from the whole week. Histogram presented in Figure 12 b shows that there 

was an average of 14 defect cases per day, with a median of 11 cases;  

- the average number of vehicle services in DCT Gdańsk during a single weekday was 

higher when compared to the average number of vehicles from the whole week, 

amounting to 440 (Figure 12 c) and 328 (Figure 10 c), respectively. 
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                   a) 

 
                  b) 

 
                    c) 

 

Figure 12. Histograms from the data collected during weekdays in the period from February 2014 until 

the end of January 2015: a) Average Service Time per single day, b) Cases per single day of Service Time 

> 60 minutes, c) Number of Vehicles during weekdays, authors' own work.  
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Next step of Analyze phase was to carefully analyze the process before external trucks entered 

DCT Gdańsk premises. The truck service time (TST) at the Gate Complex is defined as an 

average time of service of single or multiple transactions on an external truck. The detailed 

process analysis based on the measurements gave results of 00:01:13 for Pre-Gate office 

employee, 00:00:54 for Gate-In employee and 00:00:42 for Gate-Out employee. 

The average service time for external trucks on the Pre-Gate is slightly longer than the average 

time for the other two Gates, making it the greatest impact on the smooth flow of trucks that 

constantly come to DCT. Based on the determined times and assuming a constant flow of 

containers, a team consisting of one Pre-Gate employee and two Gate employees (Gate-In & 

Gate-Out), should be able to handle up to 1180 external trucks per day. This can be calculated 

using the basic formula: 

nt = T / TST                                                        (1) 

where: nt – number of trucks handled, T – analyzed period, TST – the longest truck service 

time (in the analyzed case for Pre-Gate).  

Taking into consideration the work shift pattern of two employees in Pre-Gate and three / four 

employees at the Gate-In and Gate-Out, the number of serviced trucks can be doubled. 

Unfortunately, the immediate but undesirable effect of more efficient service at DCT Gdańsk 

Gate Complex was the constant congestion inside the terminal. Actions taken to solve this 

problem are presented in the following Section.  

5. Improvements, Controls and Achieved Benefits  

This perfect storm of hundreds of external trucks inside the terminal caused multiple challenges 

to the performance of the terminal. To meet the goal of reducing the average number of 

exceeded guaranteed service times for external trucks as described in the case study, the first 

step was to understand the potential process variables. To identify them, the cause-and-effect 

diagram was created as shown in Figure 13. This helped to look beyond the visible and obvious 

symptoms to uncover the roots of all potential problems and ensure that a balanced list of ideas 

was generated during the brainstorming session. 
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Figure 13. Cause-and-effect diagram for exceeding guaranteed service time at DCT Gdańsk, 

authors' own work. 

The prioritization of the presented process variables is crucial to obtain consensus as to which 

of them are priorities for further detailed study. Prioritization is done based on the causes that 

may be under the control of the terminal and an assessment of the effect of the respective causes 

on the problem. 

During the internal case study meetings, after the analysis of available data, the main reasons 

with the greatest impact on the course of the process, and at the same time with possible terminal 

control were indicated: 

- many external vehicles in the terminal, causing traffic jams and difficulties in terminal 

operations; 

- Peak hours – rapid growth in gate transactions; 

- External parking lot – not enough parking & maneuvering spaces 

 

Number of external vehicles in the terminal was analyzed with a scatterplot, which is an 

important graphical tool for studying the relationship between causes and effects. The rationale 

behind the scatterplot is that a change in the critical cause causes a change in the critical effect. 

Figure 14 shows the relationship between the number of vehicles and the number of trucks 
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exceeding the guaranteed time. It is clearly seen that the number of vehicles has an impact of 

the truck service time in DCT Gdańsk. The more vehicles, the more trucks exceed the 

guaranteed time and the longer service times. 

 

Figure 14. Scatterplot of Truck Turnaround Time >60 vs number of vehicles during 

weekdays at DCT Gdańsk, authors' own work. 

The purpose of justifying the introduced changes and repairs is to understand what the 

company's profit resulting from the conduct of a given study may be. The idea is to verify that 

the authors are working on the right issues that could have a significant impact on the business. 

According to the internal estimates, if the changes are not introduced, the direct effect of the 

number of external trucks handled (increased traffic in the terminal will cause its congestion) 

will reduce the vessel's efficiency, on average by 10%. Potential additional costs resulting from 

the decrease in the ship's efficiency were calculated at the level exceeding 150 000 USD. 

5.1. Improve phase   

In the Analysis phase, the root causes of variability have been identified, while in the Improve 

phase, solutions were designed specifically to reduce or eliminate the root causes that have the 

greatest impact on the baseline characteristics of the study, thanks to which the new process 

will be able to meet the client's requirements.  
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The starting point for the Improve phase is the critical causes and the data analysis performed 

in the Analyze phase. Using the tools from the Improve phase, the solutions that reduce the 

outflow of verified critical causes were discovered. The key is to constantly perceive the process 

from the customer's perspective when looking for the most suitable solutions. When critical 

causes are clearly defined the potential solutions are more obvious. Designing experiments may 

be the best path to a satisfactory solution. In situations where the critical cause is a combination 

of factors and the solution is not obvious, creative thinking may be the better method for a good 

solution. There are many tools for generating ideas, such as benchmarking, sharing best 

practices, and brainstorming. The results from these tools are presented below.  

Container Terminal Benchmark – Vehicle Booking System for the following process 

improvements, due to the current situations and anticipated gate traffic growth (30% in 2016, 

20% in 2017, 15% in 2018) with higher frequency and magnitude of peaks:  

- flattening the peaks level; 

- even distribution of gate traffic; 

- effective planning of manpower and resources; 

- optimal tasks distribution / reducing of unproductive moves in the yard; 

- increase in the efficiency of the ship and rail; 

- shortening the external trucks service time; 

- implementation costs – around 100,000 EUR. 

 

Brainstorming - identification of other possible solutions for the process improvements: 

- Parking lot optimization – increased throughput; 

- CB radio – information for truck drivers about operations status;  

- reducing number of employees serving Pre-Gate & Gate – slowing down the entry of trucks 

to the terminal; 

- Guest Paging System – vibrating pagers when driver should enter;   

- Gate Complex – open on Sunday from 14:00 (previously Sunday from 18:00) 

- Gate Steering System – dosing the number of trucks entering the terminal; 

- Information for truck drivers on the website; 

- Operations stoppages for 15/30 minutes on Shift Manager signal; 

- Change of Parking lot rules – increased throughput; 

- Transfer of the non-container vehicles from the gate no 1 to no 9; 
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- Waiting room / container for drivers – cards with a sequence number; 

- Information board with the registration number of the truck that should enter the terminal 

- SMS gate - sending SMS to truck drivers when they are allowed to enter the terminal. 

 

During the idea separation works, the multi-voting tool was applied, which is a decision-making 

technique used to skim a list of ideas down to a manageable number. The multiple voting is an 

excellent tool for reaching a consensus on the option that is most beneficial to the company 

according to the group working on the improvements. Team members vote for the options that 

they believe are best suited to the current conditions and the feasibility of the ideas. The votes 

were counted and the ideas were separated to most effectively support the case study goal of 

reducing the average number of external trucks that exceed the guaranteed service time at DCT 

Gdańsk. Five ideas were identified that were considered the best to implement: 

- Gate Steering System;  

- Gate Complex – open on Sunday from 14:00; 

- Information for truck drivers on the website; 

- Parking lot and GATE-IN lines optimization; 

- Change of DCT Gdańsk parking lot rules (e.g. shortening the parking time).   

 

The “should be” mapping serves as the basis for the documentation of new procedures, a step 

that will arise during the Control phase. A created map will link all proposed changes to the 

process steps, identified as the potential and feasible solutions. It is important to ensure that the 

map accurately reflects the process. The important thing is that once the solution is 

implemented, the “should be" map becomes the "as is" map. Regardless of which solution is 

chosen, at this stage a "should be" map is created for each of the potential solutions. The “should 

be” map of the implemented ideas for the container handling process process realised by the 

external trucks is presented in Figure 15. 
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Figure 15. The “should be” map for the new implemented ideas for the container handling 

process realised by the external trucks at DCT Gdańsk, authors' own work.  

 

The introduced Gate Steering System is the gate signalization management tool deployed on 

the IN-gates which allows for dosing the declared number of external trucks (transactions) into 

the terminal yard. The system is controlled by terminal Dispatchers, who based on terminal 

resources (operators/equipment) and the current state of terminal tasks, properly dispense 

external trucks. The system was originally designed and integrated with the Terminal Operating 

System, from which the actual number of terminal transactions is directly collected. The Gate 

Steering System allows a full preview of the number of transactions and the colour of lights 

informing about the current status of the IN-gates– closed or open (Figure 16). The number of 

trucks which can enter the terminal is a key component of the entire system. The limit value is 

specified by the terminal Dispatcher (based on the operational experience) in “Gates 

Parametrization” and the lights before entering the gates change automatically (a gate 

closed/open – red/green light permanently). The Gate Steering System specifies the number of 

transactions that are currently in progress in the terminal yard. If the number of entering trucks 

exceeds the number of transactions (value displayed in the information section called “Number 

of Transactions in the yard”), all lights switch to red colour automatically, until the number of 

transactions falls below the specified number of trucks given as a value in “Gates 

Parametrization”, as presented in Figure 16. For the situation being analysed at a given time, 
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the value of 44 transactions in the yard is below the value of 45 trucks which can enter the 

terminal so all lights are green.  

 

Figure 16. Gate Steering System implemented at DCT Gdańsk to control the number of 

entering trucks, authors' own work.  

The application of the Gate Steering System eliminated the congestion inside the terminal 

during the whole week but the peak hours were observed on Mondays because the terminal was 

closed until 18:00 on Sunday. To reduce Monday’s peak hours the Gate complex was opened 

on Sunday from 14:00. The main goal was to facilitate and accelerate the container handling 

process during the weekend. It resulted in increased handling on Sundays as presented in Figure 

17, and consequently, the peaks decreased on Mondays.  

 

 

Figure 17. Number of external trucks on Sunday – before (blue bars) and after (green bars) 

change of opening hours of the gate complex at DCT Gdańsk, authors' own work. 

 

The Gate Steering System streamlined the handling processes inside the terminal, but due to 

the limitations on the entry of trucks, the traffic in the external parking lot increased 
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periodically. Information for truck drivers about the current situation before entering the 

terminal to improve traffic in the external parking lot was posted on the DCT Gdańsk website 

– Figure 18. All information was public, and nothing was hidden. There was 24/7 coverage of 

the information with a direct linkage to the DCT system and CCTV. It was crucial to provide 

key information on the number of external trucks waiting to enter the terminal, average service 

time at the terminal in the last hour, currently handled vessels on the quay and the situation in 

the parking lot, with photos updated every 5 minutes. All these changes help truck drivers make 

the final decision if it is sufficient for them to drive to DCT or wait in the parking lot outside 

the port or city. They can choose if there is time for them to make a break and rest before 

arriving at the terminal or, based on the information provided, whether they will be able to come 

to DCT and be served.  

 

Figure 18. Information for truck drivers on the DCT Gdańsk website, authors' own work. 

 

In addition, the external parking lot rules were changed to increase its throughput. The time of 

waiting for external trucks at the parking lot was reduced from 12 hours to 2 hours. Truck 

drivers who exceeded the waiting time were blocked and charged with the fee. The external 

parking was optimized by preparing dedicated queues of external truck drivers in a straight line, 

as presented in Figure 19. The goal was to improve throughput and safety during entry into the 

terminal plus increasing the amount of waiting space. 
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Figure 19. External parking lot of DCT Gdańsk – parking optimization, authors' own work.    

 

Parking lot infrastructure was also redesigned and rebuilt. Two parking islets were removed 

and In-gate number 1 (external passenger cars, suppliers etc.) was relocated to gate number 9. 

Gate number 1 was adopted for external trucks only with empty trailers and trucks proceeding 

to the terminal Container Freight Station. 

 

5.2. Control phase   

 

The purpose of the Control phase is to make sure that improvements are sustained and 

reinforced. Selected ideas described in Section 5.1 were implemented due to their importance 

of the entire project. The Control phase involves implementing the actual changes, rewriting 

procedures and work instructions; retraining staff on new procedures; putting systems in place 

to measure and monitor the new process, such as control charts; and writing an action plan.  

Improvements are visible in the Histograms from the weekdays data collected from February 

2015 until the end of July 2015. It is seen in Figure 20 that: 

- the average service time is 22.47 minutes, the median 22 minutes – Figure 20  a. These 

values are lower than values obtained for the data from the previous period, before 

introducing the changes (Figure 12 a). Both measures are close to each other, 

significantly below target for the described indicator, which was 30 minutes; 

- there were fewer cases when service time exceeded guaranteed time comparing to the 

data from the previous period, before introducing the changes (Figure 12 c). Histogram 

presented in Figure 20 b shows that there was an average of 10 defect cases per day, 

with a median of 7 cases;  

- the average number of vehicles services in DCT Gdańsk during a single weekday was 

substantially higher when compared to the average number of vehicles from a single 

weekday from the previous period, amounting to 565 (Figure 20 c) and 440 (Figure 12 

c), respectively. The maximum number was also higher amounting to 849 vehicles.  
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                   a) 

 
                    b) 

 
                    c) 

 

Figure 20. Histograms from the data collected during weekdays in the period from February 2015 until 

the end of July 2015: a) Average Service Time per single day, b) Cases per single day of Service Time > 

60 minutes, c) Number of Vehicles during weekdays, authors' own work.  
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Although the number of vehicles increased significantly in the period from February 2015 until 

the end of July 2015, the average service time and the number of eternal trucks exceeding the 

guaranteed time decreased comparing to the measures from the previous period. It was a clear 

positive effect of the introduced changes. 

 

5.3. Achieved Benefits  

 

The case study was run from February 2014 to July 2015. The case study team was attended by 

representatives from almost all DCT Gdańsk departments. The key task of the final study 

findings was the implementation of Gate Steering System, whereby a stream of external trucks 

entering the terminal yard could be framed and dependent on the current handling capabilities. 

Subsequent implementations aimed to provide a safe an optimal condition on the external 

parking lot. 

Changing the time of waiting on the parking lot, from 12hrs to 2 hrs. and the introduction of 

penalties, rebounded a loud echo in the national radio and in the press. DCT Gdańsk parking 

lot was called „the most expensive parking in Poland” (IV).  Nevertheless, the goals were 

achieved. Figure 21 shows a 28,9% reduction in the average number of exceedances of the 

guaranteed service time for external trucks in DCT Gdańsk by the end of July 2015, with an 

increase in the average number of external trucks. 
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Figure 21. Monthly road performance comparison VIII 2014 – I 2015 vs. II – VII 2015 – road 

moves vs. average service time & truck which exceeded guaranteed service time at DCT 

Gdańsk, authors' own work. 

 

The data shows that the average monthly number of external trucks arriving at the port increased 

by approximately 27.8% (2769 trucks), but the monthly average service time of the external 

trucks decreased from 23,5 to 23,2 minutes, which is about 1% difference. The red line on the 

chart, which indicates the number of trucks with exceeded guaranteed 60 minutes service time, 

decreased from 325 trucks to 231, i.e. as much as 29%. 

 

6. Conclusions   

 

Six Sigma philosophy is an accurate systematic framework for quality improvement and 

business excellence, which has been limited used in container terminals. This paper proposed a 

Six Sigma methodology aiming to reduce the average amount of exceeded guaranteed service 

time for external trucks at DCT Gdańsk via dosing the gate activities, in particular IN-Gate 

entry process of trucks carrying import/export/transit containers.  

The DMAIC methods along with the SIPOC chart, cause and effect diagram, scatterplot, 

benchmark and brainstorming and finally multi-voting tool were used as analyses tools in this 
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research, focusing at the case study on gate operations in the entrance and exit gates at the DCT 

Gdańsk.   

According to the obtained in Control phase results, followings were fully deployed to reducing 

of the average amount of exceeded guaranteed service time for external trucks at DCT Gdańsk: 

- Gate Steering System – dosing number of trucks entering the terminal; 

- Gate Complex – open on Sunday from 14:00 – increased gate transactions during weekend, 

reduced peaks on Mondays;  

- Information for truck drivers on the dedicated website – increased gate operations 

visibility; 

- Parking lot and GATE-IN lines optimization – increased throughput; 

- Change of DCT Gdańsk parking lot rules – reduced queues.  

 

The above presented changes implemented in 2014-2015 have made a direct impact for the 

whole port industry and drivers’ community related to DCT Gdańsk. Many changes did not go 

unnoticed and were discussed within the public in the biggest news media in Pomeranian 

Region [IV, V]. Further analysis forced the preparation and implementations of the long-term 

plan with an additional improvement of the gate operations, i.e. Vehicle Booking System and 

Gate Automation for supporting the predicted for the second half of 2016 year and beyond, 

increased container road gate volumes (Moszyk et al., 2021).  

As expected, container handling at container terminals and ports has been steadily increasing 

since 2010 [VI]. In 2021 the terminal gate operation volumes in DCT Gdańsk were much higher 

(~ 4 times) than those achieved in 2014. Meeting the challenges of increased handling was 

possible thanks to the changes introduced in DCT Gdańsk in previous years, starting from 2014.  

Although the research is based on data from previous years, the presented methodology can 

also be applied to ports with similar gate operation volumes as in DCT Gdańsk that plan to 

shorten the service time of trucks entering the port. Additionally, the presented method does 

not require too much financial outlay. Terminals that do not yet have such technological 

development as DCT Gdańsk, or have problems with congestion at the entrance to the port, can 

benefit from this article. 
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