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Abstract

The sugar industry plays an important role in Thailand’s economy. Due to current disruptions, the sugar supply chain is facing a drop
in demand and a labour shortage. This has forced the chain to adapt to get through this crisis. To do so, the supply chain resilience
concept becomes of the utmost importance and can ensure a prompt and efficient process. Especially outbound logistics are of concern,
being time- and labour-consuming due to the heavy weight and large volume nature of sugar. This means the chain is fragile and lacks
resilience. To enhance the resilience, process improvement initiatives and collaboration with customers are now in focus to minimise
the processing time and labour. Analysis of the relationship between the level of customer participation and improvement results is
also proposed to provide valuable insights for decision-makers in their investment planning. In this paper, waste that impacts the
processing time is eliminated after the analysis reveals that the most time-consuming steps are preparing the product based on the order
and arranging the products in the truck, primarily involving movement of the sugar. The solutions proposed to improve these processes
include the implementation of push-pull forklift technology and a booking system, resulting in a 20.25% reduction in the overall
processing time. By fully leveraging the booking system and optimising the forklift system, the overall processing time can be further
reduced by 39.29%. To achieve the optimal performance, it is recommended to utilise the booking system to its maximum capacity,
ideally reaching 100% utilisation but at least exceeding 50%.
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1. Introduction

The sugar industry plays an important role in maintaining the economy of Thailand. Since the spread of the coronavirus, however,
the countries that produce sugar have been facing several challenges [1]. Dramatic changes such as reduced sugar consumption, the
shortage of labour and critical inputs have been in the spotlight [2], especially for sugar factories. Since the onset of the viral outbreak,
there has been a considerable decline in sugar consumption in Thailand, which dropped to around 2.30 million tons, a decrease
compared to the 2.45 million tons consumed in 2019 [3]. Besides the drop in demand, the labour shortage has become a critical issue
due to the lockdown. The return of migrant workers from cane farms to their home countries has also contributed to the reduction in
sugar consumption. This is forcing factories to challenge their managing and manufacturing costs and increase their ability to resist
this crisis. To avoid chain disruption, a trend towards building supply chain resilience is taking place. Supply chain resilience refers
to the ability of a supply chain to prepare for and adapt promptly to respond to changes by modifying processes, products, and
technologies. To enhance the resilience of the supply chain, process improvement and collaboration among its members become
important approaches.

The outbound logistics of the sugar industry are of concern as a time- and labour-consuming process that leads to fragility of the
industry. This involves the process of managing and executing the movement of finished sugar products from the factory to their
intended destinations, such as distribution centres, wholesalers, retailers, or directly to customers, and mainly involves the time-
consuming physical movement of the sugar products. Because sugar products are a heavy and high-volume commodity, these processes
inherently involve a significant amount of time and attention. The quantity and weight of sugar necessitate careful handling during the
loading and unloading stages, further contributing to the time-consuming operations. In the context of supply chain resilience, it
becomes evident that such time-consuming processes can present various challenges that have the potential to disrupt the overall
efficiency and responsiveness of the supply chain.

For more effective outbound logistics of the sugar industry, the physical distribution, such as the storing, picking, loading, and
shipment processes, needs to be optimised and organised well. Since 2009, according to the ScienceDirect database, outbound logistics
have experienced rapid growth, as shown in many pieces of research on both academic and application aspects, especially in industrial
engineering, transportation, and management. These research works mainly focus on internal processes such as improving delivery
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[4, 5], warehouse management [6, 7], reducing redundancy [8, 9], and reducing internal costs [10, 11]. As is known, outbound logistics
involves seeking the shortest distance to customers, while the abovementioned research on process improvement has focused only on
the internal process. However, without involving customer participation in the improvement, the industry may find itself misaligned
with customer expectations, with a decreased ability to proactively respond to disruptions.

Customer participation is a pivotal aspect in process improvement, particularly in the context of outbound logistics, which directly
interfaces with the customer. A higher level of customer participation leads to higher efficiency and resilience [12]. Involving customers
in the outbound logistics process promotes collaboration and communication, leading to greater flexibility and adaptability [13].
Organisations can better understand their delivery preferences, requirements, and expectations, which leads to enhanced customer
satisfaction and accurate delivery planning. While a higher level of customer relationship management generally yields greater benefits,
it is nevertheless important to consider potential limitations and expectations, such as resource availability, associated costs and the
expected results, when determining the appropriate level of customer involvement in the improvement process.

Therefore, in this paper, the improvement of outbound logistics under the concept of resilience is proposed as a means to avoid
supply chain fragility. Besides, the concept of the level of customer participation is included to analyse its relationship with the
improvement results. This work contributes by designing a mixed improvement approach that combines the concepts of the resilience
of the internal process and the level of customer involvement. This work also aims to reduce the processing time and labour that are
required at the case study company. The waste inherent in the processes is identified and eliminated. In addition to analyzing the level
of customer involvement in the improvement process, we have also examined the level of customer participation. The concept of the
customer participation level is introduced in the overall process by a simulation technique to assess customer behaviour. Using the
proposed method, the effects of customer involvement in the improvement are shown through a case study.

2. Value analysis in outbound logistics

Logistics processes and supply chains are an important sphere for creating product added value [14]. Unpredictable situations such
as COVID-19 and port congestion lead to uncontrollable business processes. The logistics and supply chain has become the key factor
in the struggle with disruption. As an integral part of value chains, both within and across international borders, logistics are the
processes in focus to facilitate trade and commerce and help businesses get their products to customers [15]. Figure 1 shows the value
chain created by Porter in 1985 [16]. There are two types of activity — primary and secondary. Two of the five primary activities are
related to logistics, of which outbound logistics is one. This clearly indicates the role and importance of logistics in creating value for
the customer [14]. The term ‘outbound logistics’ relates to activities like preparing the final products for customers. It is mainly
associated with physical distribution, order processing and scheduling. Outbound logistics aims to fulfill customer needs, such as on-
time delivery and correct products.
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Figure 1 Value chain (adapted from Porter [16])

Outbound logistics is currently facing many challenges such as shipping and labour shortages, changes in the supply chain structure,
and higher customer expectations [17]. This is forcing firms to modify and improve their operations to be resilient and more efficient.
To serve the customer correctly, customer participation and cooperation should also be generated. For example, increasing the visibility
of the processes may need some platform that both the firm and the customer can access. Yet, if the customer is not willing to use it,
this is a wasted investment.

In the research field, there are many studies that focus on outbound logistics. Since 2021, from the Google Scholar database, there
have been more than 1,000 articles on the subject of outbound logistics improvements. Considering customer participation also, there
are many research works that focus on the level of customer participation, as shown in Table 1.

Table 1 presents an overview of the topics, methods, outcomes, and applications in the research related to customer participation.
Most of the outcomes demonstrate a positive relationship between higher customer participation and improved performance or
satisfaction. However, only limited attention has been given to the analysis of customer satisfaction levels that identifies an optimal
level of such participation. This gap is particularly evident in the context of outbound logistics, where research that specifically
investigates the interplay between outbound logistics and customer participation is scarce. Most existing studies primarily examine the
relationship between customer participation and other factors, neglecting the direct association with outbound logistics. Given the fact
that customer participation determines whether outbound logistics improvement is a success or not, the inclusion of the concept of
customer participation in these frameworks means that a more practical method can be expected.



384

Table 1 Examples of research work
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Topic

Method

Qutcome measured

Application

Construction and validation of the
customer participation scale [18]

Measurement scale and survey

Scale of customer participation

Service industry

Customer participation in the
service process: a model and
research propositions [19]

A proposed framework

Relationship of customer
participation and other factors

Service industry

Customer participation in service
specification and delivery [20]

Questionnaire

Effect of customer participation
on perceptions of quality and
satisfaction and repurchase.

Service specification and delivery

Customer participation and new Survey Intervention in customer New product development
product performance: towards the participation

understanding of the mechanisms

and key contingencies [21]

Managing customer participation Survey Level of customer participation Service production process
in the service production process (low, medium, high)

[22]

Innovation mechanism of Survey Impact of customer on the New banking product

customer participation and new
product development stages in
banking: an empirical research in
B-C [23]

process

development

Customer participation in
services: a framework for process
design [24]

A design-oriented modelling
framework

How the participation of
customers can be designed best

Service industry

Customer-oriented improvement
and evaluation of supply chain
processes supported by
simulation models [25]

Simulation model

An evaluation method for process
improvements that impact on
enhanced customer satisfaction

An electronic manufacturer

The effectiveness of customer
participation in new product
development: a meta-analysis
[26]

Meta analysis

Customer participation improves
new product financial
performance directly as well as
indirectly through acceleration of
time to market

New product development

The impact of customer
participation: the employee’s
perspective [27]

Partial least square path
modelling in SmartPLS

Customer participation can be a
win-win situation for employees
and the service firm

Service delivery process

Consumer participation in last-
mile logistics service: an
investigation on cognitions and
affects [28]

An online panel of respondents,
exploratory factor analysis and
structural equation modelling.

Consumers’ participation is
stronger motivation on their
cognitions

Last-mile delivery

3. Outbound logistics improvement

As mentioned before, since outbound logistics involves cooperating with customers, the effects on customers related to its
improvement should be examined. The framework proposed here aims not only to improve the outbound logistics of the case study but
to introduce the concept of customers that are willing to participate in that improvement.

Figure 2 Outline of the proposed method

Creating the current value stream mapping of the case
study’s outbound logistics operation

v

Analysing the value and type of activity

v

Proposing the improvement and creating the value
stream mapping

v

Estimating the effects of the customer using the
proposed improvement plan

v

Evaluating and analyzing the value stream mapping
after the improvement

The outline of the proposed method is illustrated in Figure 2. Firstly, to understand the current case study, the case company’s
outbound logistics process is surveyed, and all the related data, such as the operation time and staff numbers, is collected and input into
its value stream mapping. Then, to analyse the wastes in the current process, all the activities are characterised by their type and the
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non-value-added activities are then identified and targeted for elimination. To eliminate the waste, the approach proposed to improve
the outbound logistics of the case study concerns both internal and external processes, involving the use of new machinery and the
inclusion of customer participation. To assess the impact of customer participation on the company, a simulation is conducted to
estimate its effects on the waiting time of the process. The level of customer participation is analysed and inspected based on these
estimations to determine the most effective level. In this study, customer participation is defined as the percentage of the total number
of customers who actively engage in and utilize the proposed improvement. Finally, the results of the outbound logistics process for
the case company are determined. A comparison is made between the duration and labour requirements of the process before and after
the proposed improvements are implemented.

4. Case study

The case study is of a sugar factory located in northern Thailand [2 9], which produces three product types: white sugar, refined
sugar, and raw sugar. Figure 3 illustrates the current (as-is) VSM of the factory. The set of boxes represents all processes related to the
factory’s outbound logistics. Each box includes five elements of information: the upper blue box shows the name of the process, the
bigger white box shows the number of staff or facilities needed, and the three boxes below display the uptime of the facilities, processing
times, and shifts.

The processes begin with the arrival of the customer's truck. The truck driver exchanges the ticket or order at the security checkpoint
at the factory entrance and proceeds to the reception area to obtain all the necessary documents, including the order details. The truck
is then weighed to determine its weight, after which the driver drives the truck to the warehouse. Upon reaching the warehouse, the
driver hands over the order documents to the officer, and the truck is directed to the designated pick-up area within the warehouse.

Upon arrival at the pick-up area, a team of staff members, typically consisting of 20 individuals, prepares and loads the products
into the truck based on the order details. This ensures efficient and timely movement of the products. The staff members confirm the
accuracy of the order with the driver, and if it is correct, they cover the truck securely with a canvas. The truck proceeds to the reception
area, where staff provide the necessary certificate for the order. Another weight check is conducted to ensure compliance with weight
limits.

To exit the factory, the driver obtains the required transport permission and the order invoice. Finally, the driver returns the ticket
to the security checkpoint, completing the outbound logistics process.
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Figure 3 VSM of the current stage of the case study

The 14 processes start from the “exchange ticket with security” process and end with the “return ticket” process. These processes
will in fact start when a customer sends an order to the sales department and it is then sent to production planning. The order is converted
into a production plan and transportation plan. Meanwhile, the truck that is prepared by the customer will arrive at the company and
then the first process will be started.
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After analysing the current VSM, the “prepare product” and “arrange product in truck” processes involve a long processing time,
with a high staff requirement, and low availability. So, these are considered as the two critical processes (circled in Figure 3). The
details of these processes are shown below.

» The “prepare product” process: this starts after the customer’s truck driver informs the ticket desk of the product, after which

the product will be prepared. This process requires 5 staff with a 20-minute processing time. Because of the large number of
staff required, the uptime of this process is 45%.

» The “arrange product in truck” process: for this, the sugar products need to be arranged in the truck. Currently, this process is
done by 20 staff putting sugar sacks into the truck and setting them properly. Managing this number of staff at the same time
will sometimes be problematic. As shown, the uptime of the process is only 35%, which is the lowest value, while the processing
time has the highest value at 45.72 min.

Considering only improving the processes and their value, both processes are time- and staff-consuming work because the staff
need to move sugar sacks that weigh at least 50 kg. To improve these processes, a labour-saving approach is considered first, for which
using push-pull forklift technology with a suitable plant layout is proposed [29]. The “prepare product” process, as a non-value-added
activity, should be eliminated. To do so, a booking system will be introduced so that the company knows when the customer will come
and the factory can then prepare in advance. The details of these approaches are shown below.

» Push-pull forklift technology can be effectively used in the process of arranging the sugar sacks in the truck. The operator
positions the forklift in front of the stack of sugar sacks and engages the push-pull attachment. By exerting controlled force,
the operator pushes the stack towards the back of the truck, ensuring proper positioning. This technology enables efficient and
precise arrangement of the sugar sacks, reducing also the need for a large number of staff members, which can be cut from 20
to 2.

« The functions of the proposed booking system are an online interface, resource availability checking, real-time updates, and
confirmation and notifications. It allows the customer to interact with the booking system with up-to-date availability
information, while the factory can plan to ensure the availability of the necessary resources. Using the system leads to a
reduction of the overall process duration.

5. Result

Figure 4 and Figure 5 display the value stream mapping of the case study after applying only the push-pull forklift and applying
both the push-pull forklift and booking system, respectively. In Figure 4, the “arrange product in truck” process is performed by using
the push-pull forklift so the number of staff working in this process can be reduced from 20 to 2, which is one tenth of the current
situation. The uptime is increased from 45% to 97% while the processing time decreases from 45.72 minutes to 23 minutes, which is
approximately 49.69%. By applying both the forklift and the booking system (assuming that all customers use the system), the preparing
processes are eliminated, so this process time is eliminated too. The uptime is increased from 45% to 90%, because the staff that needed
to work on other processes before the improvement are not needed after it.

Considering the number of staff that are required in the process, investing only in the push-pull forklift can reduce this from 20 to
2. In the case that the crisis leads to a shortage of labour, this result can be considered a way of solving the problem, as obtaining only
two staff is not as difficult as finding 20 in the current circumstances. In the same way as with the booking system, provided all
customers are willing to use it, the large number of staff working in the preparing process will no longer be necessary.
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Figure 4 VSM of case study after improvement by applying the push-pull forklift
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As seen in Table 2, the total time of the processes is decreased by 23.75 minutes or 20.25% with the application of the push-pull
forklift. With both the push-pull forklift and the booking system, the total time is decreased by 37.29% or around 43.78 minutes.

Table 2 Process and time comparison for outbound sugar sacks of the case study

After After
improvement  improvement VSM

Activity Type of Type of Current VSM VSM with the  with the push-pull

value activity (min) push-pull forklift and the

forklift booking system
(min) (min)
Exchange ticket with security NNVA | 1.00 1.00 1.00
Receive document and invoice VA | 2.44 2.44 2.44
Weigh truck (inbound) NVA | 7.15 7.15 7.15
Go to warehouse (ticket desk) NNVA T 8.25 8.25 8.25
Apply document at ticket desk NNVA o} 0.22 0.22 0.22
Pick product at the warehouse NNVA T 1.30 1.30 1.30

Prepare product based on order NVA 0o 20.00 20.00 -

Avrrange products in the truck VA 0o 45.72 23.00 23.00
Check document and return to driver NVA | 1.00 1.00 1.00
Cover products on truck NNVA O 10.00 10.00 10.00
Get certification VA | 7.00 7.00 7.00
Weigh truck (outbound) NNVA | 8.00 8.00 8.00
Get transport permission and invoice VA O 3.00 3.00 3.00
Return ticket to security NNVA 0 1.20 1.20 1.20
Total 116.28 93.56 73.56

*VA = Value-added, NA = Non-value-added, NNVA = Necessary non-value-added
| = inspection, T = Transportation, O = Operation

Both procedures require a high investment. Applying the push-pull forklift can be considered as an internal process so it is easier
to control its efficiency. However, the booking system needs to work with the customers, so it is difficult to determine if the company
should invest in the system and whether this would be practical or not.
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Figure 5 VSM of case study after improvement by applying both the push-pull forklift and the booking system
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6. Customer participation analysis: The booking system

The actual effects of applying a booking system should be investigated to compare the efficiency of the overall processes. In
addition, the number of customers that are likely to use the booking system should be explored to find the minimum level needed to
improve the overall efficiency. However, the concrete effects of using the booking system are difficult to determine. Thus, a method
to infer the minimum level of customers needed to use the booking system from observed data with several assumed parameters has
been developed and simulated. The proposed method has been applied for the scenarios shown in Table 3.

Table 3 The scenarios

Scenario Customers participating: Customers not participating
0:100
30:70
50:50
70:30
100:0

OO WN -

A simulation technique is a technique that aims to aid in solving the practical problems of research and analyse complex systems
[30]. Arena software is applied in this paper to demonstrate all the scenarios of the case study. The data used in the simulation module
is collected from the actual data of the case study factory. The processing time of all the activities is described as a triangular
distribution. The arrival of the customer truck is shown as an exponential distribution by -0.001 + 153 * BETA (1.11, 0.748). The
operation time per day is 8 hours. The number of repetitions used in this research is 30.

Table 4 Simulation result

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
Average total time (min) 103.57 96.34 91.75 84.83 76.49
Average process time (min) 95.23 88.51 85.07 81.51 74.32
Average waiting time (min) 8.34 7.83 6.68 3.32 2.17
Waiting time reduction (%) 6.12 19.9 60.19 74.03

Table 4 presents the simulation results and shows that the criteria of scenario 5 yield the best value. The average total time of
103.57 minutes in scenario 1 is decreased to 76.49 minutes in scenario 5, or by approximately 26.15%. By comparison with the average
total time of scenario 1, the results for the other scenarios are 96.34 minutes (scenario 2), 91.75 minutes (scenario 3), and 84.83 minutes
(scenario 4).

The average processing time is considerably decreased when the number of customers using the booking system increases, but the
average waiting time does not show the same trend. Figure 6 compares the average waiting time in each scenario.
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Figure 6 Average waiting time under five scenarios

In Figure 6, the line shows the average waiting time of a customer using the booking system under the five scenarios. The horizontal
axis presents the percentage of customers using the booking system under the five scenarios. It is evident that the slope of the graph
can be separated into two sections. When the percentage of customers is less than 50%, the slope indicates a slight decrease but when
it is more than 50%, the slope shows a more noticeable decrease. Overall, the total time required for the process is decreased, but for
the best performance, the booking system should be used by 100% of customers, or at least more than 50%.

From analysing all five scenarios, it is clear that improving the booking system depends on the customer side. Therefore the trade-
off between the benefits to the company and the cost-worthiness must be considered. And to achieve the best performance of the overall
process, all the constituent processes should be in focus. When some processes rely on other parties such as suppliers or customers, the
effects of the successful application should be observed. The advantages of using this model must be taken into consideration as well,
to encourage the organisation to collaborate with other stakeholders.
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7. Discussion

The study utilised VSM to analyse the value of the outbound logistics processes of a case company and identified a process that
required improvement. To enhance the resilience of the process, we proposed improvements that reduced the processing time and
minimised the workforce. Additionally, we introduced the concept of customer participation to analyse the overall process performance.
The findings of our study provide empirical evidence of the potential for enhancing the outbound logistics process of the case company
by reducing its operation times and labour requirements. These improvements enhance the flexibility of the process, allowing for
greater resilience of its supply chain to unforeseen disruptions. Our study contributes to the understanding of customer involvement in
the improvement of outbound logistics. The findings confirm the positive impact of higher customer participation on the organisation’s
process performance, thus aligning with earlier work in the literature. Additionally, our research extends previous studies by using a
simulation technique to investigate the relationship between the level of customer participation and improvements in waiting time.
These findings provide decision-makers with valuable insights for investment decisions aimed at enhancing customer satisfaction.

8. Conclusion

This paper aims to improve the outbound logistics of a Thai sugar factory as a case study. The process improvement and customer
collaboration contribute to the supply chain resilience. To capture the processes of the company’s outbound logistics, value stream
mapping (VSM) is used. The types of processes are also categorised. The result of the analysis using VSM shows that the “prepare
product” and “arrange product in truck” processes are problematic because they are time- and labour-consuming. To improve these
processes, push-pull forklift technology and a booking system are proposed. As a result, the total time is decreased by 20.25% when
applying only the push-pull forklift, and by 37.29% when applying both the push-pull forklift and the booking system for all customer
users.

The research extends the literature review by providing a case study example of how customer participation, through a booking
system, improves performance in outbound logistics. It addresses the identified gap in analyzing customer satisfaction levels and the
interplay between customer participation and outbound logistics. The paper further addresses this gap by proposing solutions for waste
reduction and process improvement, resulting in significant reductions in processing time. By leveraging the booking system and
optimizing the forklift system, the overall processing time can be further reduced. This case study contributes to the literature by
providing a tangible example of how customer participation enhances outbound logistics, emphasizing the importance of considering
customer involvement in designing logistics frameworks for improved practical outcomes.

Along with some valuable findings, this study also has some limitations. The outbound logistics of the case study is analysed only
from the value perspective; therefore, cost and finance perspectives also should be prescribed for any future study or work. One
limitation of this work is the absence of validation tests, primarily due to resource constraints, including limited funding and lack of
specialized equipment. Future research endeavors with adequate resources should consider incorporating validation tests to further
strengthen the reliability and robustness of the findings. In this paper, the scenarios and the level of the participating customers that are
used are assumptions, whereas, in actual cases, there are more complex conditions. Thus, these should be extended or examined to
capture more substantial situations.
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