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ABSTRACT

Distribution in the food manufacturing industry is essential
to ensure supply chain effectiveness due to product time
sensitivity. Fast moving consumer goods (FMCGQG)
industryfaces high truck waiting times at its finished goods
warehouse, causing delivery delays, increased operational
costs, and reduced productivity. This study aims to analyze
existing waiting time conditions, identify root causes, and
evaluate application of Truck Appointment Scheduling
(TAS). In contrast to previous studies on Truck
Appointment Scheduling (TAS) in conventional warehouse
settings, which primarily emphasize vehicle arrival
scheduling, this study contributes a novel approach by
integrating Truck Appointment Scheduling (TAS) with an
Enterprise Resource Planning (ERP) system. The research
methods include observation, questionnaires, Root Cause
Analysis Diagram, and FMEA-based risk assessment
approach. The results show that during May to September
2025, the average truck waiting time reached 691 minutes,
exceeding the company standard of 240 minutes, with queue
time accounting for 65%. The main causes were
unscheduled truck arrivals and the absence of real-time
queue monitoring. After implementing Truck Appointment
Scheduling (TAS), waiting time decreased to 265 minutes
and queue time to 29 minutes. These results indicate that the
proposed approach effectively improves warehouse
efficiency and reduces truck waiting time.

DOI: https://doi.org/10.35891/jkie.v13i2.6888

1. Introduction

As an essential function of supply chain management, distribution plays a significant role in
ensuring products reach customers efficiently and within the required timeframe, in the required

quantities, and while maintaining their quality and condition (Ma’rifa et al., 2025). The significance of

distribution is particularly pronounced in the food manufacturing industry, where products are highly
susceptible to quality deterioration and have a limited shelf life (Liperda et al., 2022). Consequently,
effective and efficient distribution management is essential to preserve product quality and meet
customer requirements (Alzandy et al., 2025). These characteristics require a fast, efficient, and well-
integrated distribution system to ensure that products remain safe for consumption while meeting
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market demand (Karo, 2025). According to Ndruru et al. (2024); Kostini et al. (2025); Haslindah et al.
(2022); Mauluddin et al. (2025) delays in distribution processes may lead not only to financial losses

caused by product spoilage or expiration but also to reputational damage for the company.

One of the key factors supporting effective distribution is the efficiency of warehouse
operations, particularly in the loading process. This process is highly dependent on the management of
truck arrivals and the availability of facilities such as loading docks (Rahmana et al., 2021). A
common issue in warehouse operations is the high truck waiting time, which is generally caused by an
imbalance between the number of arriving trucks and the warehouse service capacity (Riaventin et al.,
2022). Unscheduled or poorly managed truck arrivals often result in long queues, congestion in
parking areas, increased operational costs, and decreased warechouse productivity (Taqiyyah &
Nursyamsiah, 2026).

This issue is also observed at fast moving consumer goods industry, a manufacturing company
with a finished goods warehouse serving as the main distribution center for delivering products to
customers. Based on preliminary observations, operational activities in the warehouse frequently
experience delays due to the accumulation of trucks arriving simultaneously without a proper
schedule. As a result, trucks are required to wait for extended periods before being served, particularly
due to the limited number of loading docks. Operational data from May to September 2025 indicate
that truck waiting times range from 639 to 772 minutes, significantly exceeding the company’s
standard of 240 minutes established by the Manufacturing Division Head. This condition suggests that
the current truck arrival management system at fast moving consumer goods industry is not yet
optimal and requires systematic improvement.

To address these challenges, companies may implement the TAS system, which is developed
for the purpose of regulate truck arrival schedules in a more systematic and coordinated manner. In
this study, the Truck Appointment Scheduling (TAS) method was selected over Binary Integer
Programming (BIP) and Distribution Requirement Planning (DRP) because it is the most appropriate
approach for addressing the company's primary operational issue, namely prolonged truck waiting
times caused by unscheduled truck arrivals. According to Wasesa et al. (2024); Farid & Aristriyana
(2021)TAS regulates truck arrivals by assigning specific time slots, thereby balancing vehicle flow
with warehouse service capacity, reducing queue formation, and improving the utilization of loading
docks. Previous studies have demonstrated the effectiveness of this approach. Skoulas (2024); Lange
et al. (2022); Torkjazi & N. Huynh (2021) reported that the implementation of TAS reduced average
waiting time and decreased its standard deviation. Ramadhan & Wasesa (2020); Mohssen et al.
(2021); Cong Minh & Van Noi (2023); Baldouski et al. (2025) found that TAS effectively controlled
external truck arrivals and resulted in shorter truck turnaround times across varying arrival rates.

Previous studies have demonstrated that TAS is an effective approach for reducing truck
waiting times. However, most of these studies have primarily focused on scheduling optimization
models or simulation-based approaches, while providing limited investigation into the root causes of
prolonged truck waiting times in actual warehouse operations. Moreover, data collection in previous
studies has generally relied on historical operational records or simulation data, which may not
adequately capture the complexity of operational conditions in the field. In addition, the analysis of
contributing factors has often been conducted at a general level without employing a structured
analytical approach for identifying and prioritizing key risk factors. This study integrates several
methods, including field observations, questionnaire surveys, fishbone diagram analysis, and FMEA,
as an approach to overcome the identified limitations.

This study aims to evaluate the existing condition of truck waiting times, analyze the various
factors contributing to prolonged waiting durations, and develop as well as assess the implementation
of the Truck Appointment Scheduling (TAS) method as an effort to improve the efficiency of
distribution processes at the finished goods warehouse within the FMCG industry. The research
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focuses on evaluating the operational activity flow within the process framework, including truck

arrival, queuing processes, and product loading activities. The significance of this research is based on
the fact that excessive truck waiting times can adversely affect overall supply chain performance,
particularly by increasing operational costs and reducing customer service levels. Furthermore, the
results of TAS implementation are expected to provide valuable insights for the future development of
digital-based scheduling systems and support integration with Warehouse Management Systems
(WMS) in subsequent improvement initiatives.

2. Literature Review

Within the supply chain system, distribution represents one of the key activities that connects
production processes with customer needs through the movement of products or services delivered
from manufacturers to final consumers (Winarno et al., 2020). Distribution performance is determined
by more than product readiness; it also relies on the company’s capacity to manage delivery schedules
and receiving locations effectively in order to maximize time and place utility. Amid the increasingly
complex dynamics of global business competition, companies are required to develop effective and
adaptive distribution strategies to maintain their competitive advantage (Adhana et al., 2023).

Logistics scheduling can be defined as the process of determining specific dates and times for
the movement of products or services across workflows or logistics channels. This process
encompasses a wide range of activities, from scheduling the arrival of specific components for
production to arranging the timely delivery of finished goods to customers (Akbar et al., 2025). Since
the entire supply chain both begins and ends with logistics activities, logistics scheduling plays a
critical role in influencing overall revenue performance, as highlighted in global survey findings
(Abdelmagid et al., 2021).

A questionnaire, also known as a survey instrument, is a data collection method conducted by
presenting a set of structured questions or statements to respondents. It serves as a research tool
consisting of written items designed to gather information directly from participants (Ester et al.,
2023). The data obtained from questionnaires are typically analyzed using the mode calculation to
determine the most frequently occurring value within a dataset. In addition, a data adequacy test is
applied to ensure that the collected data are sufficient and meet objective requirements for ansalysis
(Herlina, 2020).

K INGE X2 =T xi)2

N7 = (% Y Xi )
Explanation:
N’ = Required number of observations
K = Confidence level in the observation, 95% (2)
S = Degree of accuracy in the observation (15% = 0.15)
N = Number of observations already conducted
Xi = Observation data

FMEA represents a systematic risk analysis methodology used to assess potential failures and
prioritize necessary corrective actions within a process (Aprianto et al., 2021). Through a structured
tabular approach, FMEA facilitates the classification of failure modes and their impacts on the system.
Risk evaluation is subsequently performed by determining the Risk Priority Number (RPN) value,
which is calculated based on three main parameters to establish improvement priorities (Sulistiyono &
Saifuddin, 2024).

RPN=SxOxD
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Explanation:

S = Severity

0] = Qccurrence
D = Detection

TAS is a scheduling approach designed to manage truck arrival times and regulate the allocation
of service facility usage within specific time intervals (Huang et al., 2025). The application of TAS
aims to improve the consistency and balance of truck arrival flows, particularly during high-activity
operational periods, by controlling the number of trucks assigned to each service interval. Therefore,
TAS contributes to establishing a more structured arrival process, minimizing queuing conditions, and
aligning the number of incoming trucks with the available service capacity at logistics facilities, such
as warehouses, terminals, ports, and distribution centers (Gracia et al., 2025).

3. Methodology

The research framework begins with the identification of the primary problem, namely the
prolonged truck waiting time at the finished goods warehouse. The subsequent stage involves data
collection, comprising primary data obtained through field observations and questionnaire surveys, as
well as secondary data derived from historical records of truck waiting times and truck arrivals. The
collected data are then analyzed using descriptive statistical analysis, mode analysis, and a data
adequacy test to evaluate the existing operational conditions. The root causes of the problem are
systematically identified using the Fishbone Diagram, and the contributing risk factors are prioritized
through FMEA. Based on the results of these analyses, improvement strategies are formulated using
the SW+1H approach and subsequently implemented through the application of TAS. Finally, the
effectiveness of the proposed solution is evaluated by comparing truck waiting time, queue time, and
warehouse operational efficiency before and after the implementation of TAS.

This study employs a quantitative descriptive approach to analyze truck waiting duration and
evaluate aplication of TAS at the finished goods warehouse of fast moving consumer goods industry.
The research process encompasses data collection, analysis, root cause identification, improvement
design, implementation, and performance evaluation. The research data consisted of primary and
secondary datasets obtained from direct and indirect sources. Primary information was acquired from
through direct observation of warehouse operational, particularly truck arrival procedures, queuing
processes, and product loading activities. In addition to observation, primary data collection was also
conducted using a predefined questionnaire with five question items, that had been distributed to 50
respondents from a total of 98 warehouse personnel. Meanwhile, secondary data were obtained from
company records, including historical truck waiting times and truck arrival frequency data during the
period from May to September 2025.

The collected research data were subsequently processed and analyzed using descriptive
statistical methods to calculate the average waiting time and evaluate its conformity with the
operational standards established by the company. The questionnaire results were analyzed using
mode analysis, and a data sufficiency evaluation was conducted to validate the reliability of the
observations were sufficient and capable of supporting the research findings. Furthermore, the main
factors contributing to the identified problems were analyzed using a Fishbone Diagram by
systematically categorizing the underlying causes. Risk evaluation was then performed using the
FMEA method through the calculation of the RPN to determine the priority sequence of improvement
actions.

Based on these findings, improvement strategies were formulated using the SW+1H approach to
ensure that the proposed solutions are comprehensive and applicable. The implementation of
improvements was conducted through the application of TAS by assigning specific time slots for truck
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arrivals in accordance with service capacity, with the objective of reducing queue congestion and
balancing workload distribution. Performance evaluation was performed by comparing waiting times
and queue times before and after implementation to assess the effectiveness of the operational
efficiency improvements.

4. Analysis of Results and Discussion

4.1 Research Data Collection

Table 1. Truck waiting time for the period May - September 2025

. . . Time
Month Loa.d Time Quepe Time Truck Waltlng Standards
(minutes) (minutes) Time (minutes) .

(minutes)
May 243 426 669 240
June 238 401 639 240
July 235 442 677 240
August 246 526 772 240
September 242 457 699 240

Source: Company Data Collection

Table 1 shows that in May, the total truck waiting time reached 669 minutes, consisting of 426
minutes of queue time and 243 minutes of loading time, and peaked in August at 772 minutes. This
condition was primarily attributed to the high queue time, which reached 526 minutes. Meanwhile, the
company’s established standard for truck waiting time is only 240 minutes.

Table 2. Truck arrival time for the period May - September 2025

07:00- 11:00-  15:00-  19:00-  23:00-  03:00 -

Day LD 10:00 14:00 18:00 22:00 02:00 06:00 TI;):;V
wib wib wib wib wib wib
Monday 8 13 6 14 8 4 2 47
Tuesday 8 14 5 9 6 3 1 38
Wednesday 8 11 3 12 5 5 1 37
Thursday 8 13 5 10 6 3 2 39
Friday 8 17 2 16 7 6 3 51
Saturday 8 15 6 13 5 3 2 44

Source: Company Data Collection

Table 2 shows that, truck arrivals at fast moving consumer goods industry from Monday to
Saturday during the period of May to September 2026 were found to occur randomly and without a
structured schedule. This condition leads to prolonged queue times and overall truck waiting times,
particularly given that the number of available Loading Docks (LD) at fast moving consumer goods
industry is limited to eight units. Subsequently, a structured questionnaire consisting of five closed-
ended questions was distributed to obtain responses from the respondents, With the following
questions:

1. How frequently do prolonged truck waiting times occur at the finished goods warehouse of fast
moving consumer goods industry?

2. In your opinion, do prolonged truck waiting times at the finished goods warehouse of fast moving
consumer goods industry pose a risk of reduced productivity and product accumulation?
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3. In your opinion, are simultaneous truck arrivals the primary cause of prolonged truck waiting

times at the finished goods warehouse of fast moving consumer goods industry?

4. Do you agree with the implementation of a scheduling system to regulate truck arrivals?

5. Is it necessary to implement improvements related to the loading queue system at the finished

goods warehouse of fast moving consumer goods industry?

4.2 Data Processing and Analysis

Table 3. GAP queue time and truck waiting time for the period May - September 2025

Truck iti
Load Queue Waiti Queue Standard Waiting Waiting
. . aiting . Waiting Time .
Month Time Time . Time Gap . . Time Gap
. . Time (%) Time Difference %)
(mlnutes) (rnmutes) (minutes) ’ (minutes) (minutes)
May 243 426 669 64% 240 429 179%
June 238 401 639 63% 240 399 166%
July 235 442 677 65% 240 437 182%
August 246 526 772 68% 240 532 222%
September 242 457 699 65% 240 459 191%
Total 241 450 691 65% 240 451 188%

Source: Results of Data Analysis

Table 3 shows that, the average queue time during the period from May to September 2025
reached 450 minutes, accounting for 65%. Furthermore, there was a significant gap between the
standard and the actual truck waiting time at fast moving consumer goods industry, with an average
difference of 451 minutes and a corresponding average gap of 188%.

Table 4. Mode value of questionnaire results

No Attribute Value Number of Respondents Description
1 0
. . 2 0
1 Questionnaire Item 1 3 4
4 46 Mode
1 0
. . 2 0
2 Questionnaire Item 2 3 1
4 49 Mode
1 0
. . 2 0
3 Questionnaire Item 3 3 4
4 46 Mode
1 0
. . 2 0
4 Questionnaire Item 4 3 4
4 46 Mode
1 0
. . 2 0
5 Questionnaire Item 5 3 5
4 48 Mode

Source: Results of Data Analysis

Table 4 shows that, the responses obtained from the questionnaires completed by 50 employees
were converted into numerical values according to the response scale. Subsequently, the values of Xi?
were calculated, and the mode was determined based on the questionnaire results. The mode value
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obtained from the five questionnaire items is 4. Therefore, the collected questionnaire data can be

further processed to the next stage, namely the data adequacy test.

Table 5. Data adequacy test results

No Attribute N N' Description
1 Questionnaire Item 1 50 0,92 Sufficient Data
2 Questionnaire Item 2 50 0,47 Sufficient Data
3 Questionnaire Item 3 50 0,92 Sufficient Data
4 Questionnaire Item 4 50 0,92 Sufficient Data
5 Questionnaire Item 5 50 0,66 Sufficient Data

Source: Results of Data Analysis

Table 5 shows that, it is observed that the value of N > N’ therefore, the data are considered

sufficient and can be proceeded to the next stage of analysis.

4.3 Root Cause Identification (Fishbone Diagram)

METHOD

MAN

The number of trucks in the

queue cannot be known in real

There is no truck queue system\

Trucks arrive randomly at
the same time.

There is no scheduling

Lack of communication
with the shipping compan

A

truck arrivals.

Length of
Waiting

The parking area for Limited number of

trucks in queues is

Time

Trucks are parked

loading docks
Only 8 vehicles can be
outside the warehouse

loaded per loading sessiogn/

/

ENVIRONMENT MATERIAL

Figure 1. Fishbone Diagram
Source: Results of Data Analysis

Figure 1 shows that, it is identified that there are four main factors contributing to the high truck

waiting time at fast moving consumer goods industry, namely human, method, material, and
environmental factors. The identified factors are further assessed through the FMEA method to

determine the RPN value.
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4.4 Risk Analysis Using FMEA
Table 6. FMEA analysis results

No Failure Mode Reason Severity  Occurance  Detection RPN

Lack of There i 14
L . ere is no real time
1 communication with . . 8 7 392
.. information system
the shipping company

Trucks arrive randomly  There is no truck

2 at the same time. arrival schedule ? 9 7 567
The number of trucks No truck auewe
3 in the queue cannot be queu 8 8 7 448
. system
known in real
Limited number of Only 8 loading
4 loading docks docks 8 7 6 336
Th ki
The parking area for carf (E)r?lr ing area
5  trucks in queues is Y 6 6 6 16

accommodate 5

limited.
imited trucks

Source: Results of Data Analysis

Table 6 shows that, the results of the FMEA analysis obtained the highest RPN value, namely
No truck arrival scheduling with an RPN value of 567, so improvements will be made to the highest
causal factor.

4.5 Improvement Planning Using SW+1H

Table 7. Improvement planning using SW+1H

No What Why Where When Who How
) Truck arrival
There is no scheduling usin,
. truck arrival ~ Finished & &
Trucks arrive schedulin oods November Employees the Truck
simultaneously ne £ 2025 and staff.  Appointment
system in warehouse .
lace Scheduling
P (TAS) method.

Source: Results of Data Analysis

Table 7 shows that, the proposed improvement to address the issue of high truck waiting time at
fast moving consumer goods industry is the aplication of TAS method.

4.6 Implementation of Truck Appointment Scheduling (TAS)

Table 8. Proposed truck arrival scheduling at FAST moving consumer goods industry

07:00 - 11:00 - 15:00 - 19:00 - 23:00 -

Day LD  10:00 14:00 18:00 22:00 02:00 03:00- — Total/

06:00 wib Day

wib wib wib wib wib
Monday 8 13 6 14 8 4 2 47
Tuesday 8 14 5 9 6 3 1 38
Wednesday 8 11 3 12 5 5 1 37
Thursday 8 13 5 10 6 3 2 39
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Friday 8 17 2 16 7 6 3 51
Saturday 8 15 6 13 5 3 2 44

Source: Results of Data Analysis

Table 8 shows that, the proposed truck arrival schedule is aligned with the loading dock
capacity, which consists of only eight loading docks. Therefore, a maximum of eight trucks are
scheduled per loading session with a duration of 240 minutes. On Saturdays, truck scheduling is
limited until 22:00, as the working hours of employees at fast moving consumer goods industry are
only half-day, ending at 22:00 wib. The implementation of the TAS method requires the coordination
and active involvement of three key parties, namely Production Planning and Inventory Control
(PPIC), the expedition (logistics providers), and the warehouse. Therefore, a scheduling system based
on the TAS method is designed to be integrated with the Enterprise Resource Planning (ERP) system.

This system is developed with the objective of managing truck scheduling, enhancing
coordination among stakeholders (PPIC, expedition, and warehouse), providing real-time data and
monitoring, improving delivery timeliness, and reducing operational costs resulting from excessive
truck waiting times. Overall, the system aims to establish a structured, efficient, transparent, and
integrated truck arrival scheduling process.

1.0
Input Sales
Order Inbound
process

Save data—> SO_Inbound

Data SO Inbound:

Data SO Inbound

input SO inbound:

tatus SO-

20
nput Inbound
Outbound

process

Save data——3»SPE_InboundOutbound
Data SPE Schedulling:I |
Data draft SPE Inbound Outbound:

Save data—-)W

input SPE inbound/outbound

SPE Schedulling

Data draft SPE IBN

Review draft.

-Approval Confirmation

SPM
SPM

Save Visittor Document»  Visitor_Document

e

Document
process

%ream Visitor Document
Detail Visitor Document
Figure 2. Data Flow Diagram (DFD)

Source: Results of Data Analysis

The Data Flow Diagram (DFD) illustrates the process flow and data movement within the TAS
scheduling system. The process begins with PPIC creating a Sales Order Inbound and inputting the
scheduling data for SPE Inbound/Outbound. Subsequently, the expedition party reviews the draft SPE
Inbound schedule. The expedition may approve, reschedule, or reject the schedule if it is not feasible.
Upon approval, Loading Order is generated and communicated to the truck driver, as shown in Figure
4.3 as below:
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4.7 Performance Evaluation

Figure 3. Loading order
Source: Results of Data Analysis

Table 9. Truck arrivals during the period of November 2025 to March 2026 after improvement

07:00 - 11:00 - 15:00 - 19:00-  23:00-  03:00 - Total
11 LD 10:00 14:00 18:00 22:00 02:00 06:00 Da

wib wib wib wib wib wib Y
Monday 8 8 8 8 8 8 7 47
Tuesday 8 8 8 8 8 6 4 42
Wednesday 8 8 8 7 8 6 5 42
Thursday 8 8 7 8 8 7 5 43
Friday 8 8 8 8 8 8 7 47
Saturday 8 8 8 8 8 6 5 43

Source: Results of Data Analysis

Table 9 shows that, the evaluation results of the Truck Appointment Scheduling (TAS) method
indicate that truck arrivals at fast moving consumer goods industry have followed the proposed
schedule. There is no longer any accumulation of truck arrivals occurring simultaneously, and the total
number of arriving trucks is, on average, aligned with the loading dock capacity of the finished goods

warehouse at fast moving consumer goods industry, which consists of 8 loading docks.
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Table 10. Truck waiting time during the period of November 2025 to March 2026 after improvement

Load Queue Trggk Queue Stagdgrd qutlng Waiting
) . Waiting . Waiting Time .
Month Time Time ) Time ) . Time
(minutes) (minutes) Tlme Gap (%) Tlme D1fference Gap (%)
(minutes) (minutes)  (minutes)
November 236 35 271 13% 240 31 13%
December 233 29 262 11% 240 22 9%
January 239 30 269 11% 240 29 12%
February 241 27 268 10% 240 28 12%
March 231 25 256 10% 240 16 7%
Total 236 29 265 11% 240 25 11%

Source: Results of Data Analysis

Table 10 shows that, it can be observed that during the period from November 2025 to March
2026, after the implementation of improvements, the average queue time decreased to only 29
minutes, while the average truck waiting time was reduced to 265 minutes compared to the established
standard of 240 minutes. Consequently, the gap in both queue time and truck waiting time declined to
an average of only 11%.

Table 11. Comparison of truck waiting time before and after improvement

Truck Standard Waiting

Load Queue .. Queue .. . Waiting
Month Time Time \K%ﬁl;g Time “ﬁggg Ditggrneerzlce Time
(minutes) (minutes) . Gap (%) . . Gap (%)
(minutes) (minutes)  (minutes)
12\/([)33; September 450 691 65% 240 451 188%
ﬂ‘;ﬁf}?‘z’gggozs T 236 29 265 1% 240 25 1%

Source: Results of Data Analysis

Table 11 shows that, it is observed that prior to the improvement, during the period of May to
September 2025, the average truck waiting time was 691 minutes, with an average queue time of 450
minutes. In contrast, after the implementation of improvements, during the period of November 2025
to March 2026, the average truck waiting time decreased to 265 minutes, while the average queue time
was reduced to only 29 minutes. The difference can be observed in Figure 4 as below.

691

700
600
500
400
300
200
100

29

Waktu Muat  Waktu Antrian ~ Total Waktu
(menit) (menit) Tunggu Truk
(menit)

B Mei - September 2025  ® November 2025 - Maret 2026

Figure 4. Loading order
Source: Results of Data Analysis
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5. Conclusion

This study demonstrates that excessive truck waiting time at fast moving consumer goods
industry is fundamentally a systemic issue rather than merely an operational one. The absence of
structured arrival scheduling and limited loading dock capacity collectively created congestion
patterns that significantly exceeded the company’s performance standards. The findings confirm that
uncoordinated truck arrivals are the primary source of inefficiency, as evidenced by quantitative gap
analysis and FMEA results. The application of TAS fundamentally improved system performance by
aligning truck arrivals with service capacity. This intervention not only significantly reduced queue
time and overall waiting time, but also stabilized arrival patterns and minimized variability in daily
operations.

From a practical perspective, companies are advised to integrate the truck scheduling system
with ERP systems in a sustainable manner and ensure strong coordination among PPIC, expedition,
and warehouse functions to maintain implementation consistency. In addition, the development of
real-time monitoring systems is necessary to enhance queue visibility. Several limitations were
identified in this study. The investigation was carried out in only one finished goods warehouse within
one Fast Moving Consumer Goods (FMCG) manufacturing company. Consequently, the operational
characteristics observed may not be generalizable to other industries or organizations with different
warehouse capacities, numbers of loading docks, or distribution systems. Second, the evaluation of the
Truck Appointment Scheduling (TAS) implementation was limited to truck waiting time and queue
time. Therefore, its impact on other performance indicators, such as logistics costs, resource
utilization, customer service levels, and carbon emissions, was not examined comprehensively.

Based on these limitations, future research is recommended to evaluate the implementation of
Truck Appointment Scheduling (TAS) across different industrial sectors and broader distribution
networks to improve the external validity of the findings. Future studies may also develop more
adaptive scheduling models by incorporating stochastic variables, simulation-based optimization, or
machine learning techniques to better address operational uncertainties. Furthermore, the integration
of Truck Appointment Scheduling (TAS) with Internet of Things (IoT) technologies could be further
explored to support real-time data exchange, dynamic scheduling, and data-driven decision-making. In
addition, future research may adopt multi-objective optimization approaches that simultaneously
consider truck waiting time, operational costs, service levels, and sustainability aspects, thereby
contributing to the development of more efficient, resilient, and sustainable distribution systems.
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