Article history:

Received 7" February 2025
Accepted 3™ June 2025
Available online 10" June 2025

DOI: 10.46544/TNL.v25n58.02

TRANSPORT & LOGISTICS:
the International Journal
ISSN 2406-1069

Article citation info: Coskun, S., Optimizing internal logistics in manufacturing facilities: Analyzing alternative
transportation routes for cost-effective and flexible solutions. Transport & Logistics: the International Journal,
2025; Vol.25,No.58, ISSN 2406-1069, https://doi.org/10.46544/TNL.v25n58.02

Optimizing internal logistics in manufacturing facilities:
Analyzing alternative transportation routes for cost-effective and
flexible solutions

Sengiil Coskun "
I Production Management and Marketing, Sakarya University, Sakarya, Tiirkiye

“Corresponding author: sengul.coskunl@ogr.sakarya.edu.tr

Abstract:

This study aims to optimize the internal logistics processes in manufacturing facilities by
analyzing alternative transportation routes and providing optimum solutions. Challenges such
as increasing product variety, complex supply chains and uncertain demand structures have
made the management of logistics processes increasingly critical. Using vehicle routing
methods such as Dijkstra and k-shortest path algorithms, the study determines the optimum
transportation routes between facility locations by considering competitive priorities such as
cost, quality, delivery speed and flexibility.

In this study, data related to internal logistics processes were analyzed and a distance matrix
was created using the savings algorithm. Based on this matrix, optimum routes were calculated
using the k-shortest path algorithm. As part of the application, suitable routes were determined
for materials that need to be transported between storage depots, production and assembly
areas within a manufacturing facility. The developed method minimized transportation costs
and increased flexibility in internal transportation processes. The results demonstrated the
effectiveness of collaborative transportation strategies and verified the feasibility of the
proposed approach through alternative scenario analyses. The study provides a model that
serves as a guide not only for the existing facility but also for different industries with similar
internal logistics processes.

Key words:
Internal logistics, Transportation route optimization, K-shortest path algorithm, Dijkstra's
algorithm, Transportation costs.

Introduction

The effective management of internal logistics processes plays a critical role in helping
businesses gain a competitive advantage. In today’s business environment, where customer
expectations are constantly increasing, companies must execute their logistics operations in line
with competitive priorities such as cost, quality, delivery speed, and flexibility. However,
factors such as increasing product diversity, complex supply chains, and uncertain demand
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structures make the planning and management of internal logistics processes challenging. For
businesses to enhance their competitiveness, the efficient management of logistics processes is
of vital importance. In today’s rapidly changing business environment, enterprises must align
their logistics operations with competitive priorities like cost, quality, delivery speed, and
flexibility. Nevertheless, factors such as diverse product portfolios, complex supply chains, and
uncertain demand structures significantly complicate the planning and management of internal
logistics processes.

This study proposes a solution to improve transportation services between locations.
The chosen approach involves implementing a multi-location collaborative transportation
strategy based on the k-shortest path algorithm. The k-shortest path algorithm is a method
capable of identifying both optimal and non-optimal routes. Building upon Dijkstra’s algorithm,
it aims to find the minimum-cost path between all nodes. Initially, the starting node is labeled,
and the travel costs to all other nodes connected to it are calculated. The lowest travel cost
among the calculated values is determined, and the corresponding nodes are labeled.
Subsequently, the cost of moving to another node connected to the newly labeled node is
recalculated. If the new cost is lower than the previous one, the cost is updated. This process
continues until the minimum-cost path for all nodes is determined. By repeating this process
with each node as the starting point, the minimum-cost path for each region is
calculated(Mirahadi & McCabe, 2021).

Wang et al. (2023) presented a deterministic vehicle routing model, utilizing the k-
shortest path algorithm to determine optimal and alternative routes. The enhanced Dijkstra
algorithm was evaluated for metro fare adjustments. In their study on optimizing supplier
transportation routes and developing collaborative transportation strategies, the proposed model
aimed to minimize transportation costs and utilized the k-shortest path algorithm to identify
optimal and alternative routes. Collaborative transportation simulations conducted under three
scenarios validated the effectiveness of the strategy, increasing synergy among suppliers,
supply chain flexibility, and overall efficiency. Chabrier (2006) emphasized that due to the high
complexity of algorithms in vehicle routing problems, relaxing assumed route constraints is
often necessary, and developing assumed shortest-path algorithms is effective in achieving
better solutions. Lee et al. (2006) proposed a model that addresses split loading scenarios,
applies conditions invariant to optimality, and utilizes shortest-path algorithms to economically
manage truck fleets.

Cao et al.(2016) suggested an approach to solving the stochastic shortest path problem
by considering travel time probability distributions and supporting flexible time constraints.
Sunita and Garg (2021) noted that the dynamic shortest-path algorithm facilitates query tasks
with appropriate updates to graph topology and offers multiple solutions. For vehicle routing
problems with binary incompatibility constraints, a column composition approach based on
Dantzig-Wolfe decomposition was proposed, where each column represents a path associated
with a purchase plan(Gendreau et al., 2016). In green logistics, pollution path problems were
addressed with the aim of minimizing fuel and operational costs, providing accurate solutions
via branch-and-price algorithms(Dellaert et al., 2019).

Zhang et al. (2021) implemented path planning for emergency evacuation routes by
combining breadth-first search and Dijkstra’s algorithm to find the shortest path. They
demonstrated that network topology and code analysis methods could be used to develop
simulations that account for road hazards, save time, and reduce transportation costs(Sedefo-
noda & Colebrook, 2019). Zhang et al. (2019) proposed a spatiotemporal state network model
for railway planning problems, emphasizing the importance of robust optimization techniques
that integrate components such as train speed profiles and passenger demand. This study offers
applicability particularly for production facilities in the energy sector, aiming to optimize
logistics processes. However, the proposed methods are not limited to this sector and can
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provide similar advantages in other industries with comparable internal logistics processes,
such as food, electronics, and pharmaceuticals.

1 Methods and methodology

The methodology consists of two phases involving vehicle routing problems. In the first
phase, the distance matrix is obtained using the savings algorithm. In the second phase, routes
between locations are determined using the k-shortest path algorithm based on the distance
matrix. Both the savings algorithm and the shortest path algorithm ensure that the results are
obtained in accordance with the objectives of the study.

The savings algorithm, developed in 1964 and widely used due to its simplicity, is
applied to problems involving a variable number of vehicles. Route creation and vehicle
assignment are performed using savings-based algorithms(Ozsakalli, 2023; Ugiinciioglu,
2017). The method starts by calculating the savings for each customer pair. Customers are
combined according to the cost between the depot and the customer. In addition, considering
the vehicle capacity constraints, all customers are assigned to a vehicle to complete the
route(Uciinciioglu, 2017). The savings matrix created by calculating the distances is then sorted
from largest to smallest. As the vehicle capacity is filled, the demands are combined along the
same route. After all savings are calculated, the route is determined(Erden, 2021).

The shortest path algorithm is quite effective in strengthening cooperation between
suppliers and increasing supply chain flexibility(Wang et al., 2023). Total transportation costs
are reduced by increasing cooperation between on-site locations. The flexibility of routes
between on-site locations is improved by predetermining potential routes. As a result, the
collaborative transportation strategy developed based on the k-shortest path algorithm has
provided a solution suitable for the objectives of the study and its applicability has been
demonstrated.

Since the aim of the study is to optimize collaborative transportation routes between on-
site locations, the Shortest Path Algorithm) was considered as a suitable method after obtaining
the distance matrix through the savings algorithm.

1.1 Problem Definition

In the production process, the internal logistics stage is one of the most critical areas in
operational and production optimization, where the highest losses occur. This study addresses
the transportation problem involving raw materials, manufacturing parts, assembly raw
materials, and purchased parts between different sections of a production facility. The facility
consists of 3 warehouses (DK 1, DK2, DK3), 5 manufacturing sections (AK1, AK2, AK3, AK4,
AKS), 2 assembly sections (MK1, MK2), and 1 dispatch warehouse (SD1). Transportation
operations are carried out using 1 forklift, 3 transpallets and 4 material handling carts each with
different transport capacities. During the production process, each section requires varying
amounts of raw materials, manufacturing parts, assembly raw materials, and purchased parts.
The purpose of the program is to calculate the required number of vehicles based on the entered
load amounts and the selected vehicle capacity, and then determine the most optimal routes.
Routes should be calculated based on the distances between warehouse-manufacturing,
manufacturing-warehouse, warehouse-assembly, and assembly-dispatch warehouse. These
distances are predefined within the program. Three different vehicle types with varying
transport capacities—forklift, pallet jack, and material handling cart—are used for
transportation operations. The user should be able to select their preferred vehicle type. In the
production process, each section requires varying quantities of raw materials, manufacturing
parts, assembly raw materials, and purchased parts. The user should be able to input these
quantities and view the total load amounts. In this context, the scope and limitations of the study
are defined based on the following assumptions:
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e The transportation system is improved without changing the layout.

e The amount of supply and demand of locations per unit time is taken as constant.
e There are no traffic jams during the movement of vehicles.
e Material transportation vehicles do not malfunction.

e Material transportation vehicles are of 3 different types.

e There are sufficient number of vehicles to carry out the transportation process.

1.2 Sub-Chapter Data Set

The layout of the locations covered in the study is shown in Figure 1.

Fig. 1 Layout of the locations
(Image created by author in GeoGebra application)

The nodes, locations, materials, and demand-related variables and their codes used in
the study are as shown in Table 1.

Tab. 1 Variables and codes for locations, materials, and demand

Location Name

Location
Cod

Requesting Location

Material Type

Dispatch Warehouse

Assembly Line

Logistics Warehouse

Manufacturing Workshops

Logistics Warehouse

SD
MK1
MK?2
DK2
DK2
DK3
AK1
AK2
AK3
AK4
AKS
DK1
DK2
DK3

Dispatch Warehouse

Assembly Line

Logistics Warehouse
Logistics Warehouse
Logistics Warehouse
Logistics Warehouse
Logistics Warehouse

Manufacturing Workshops
Manufacturing Workshops
Manufacturing Workshops

Product

Raw Material /
Purchasing /
Production material

Item (production
material)

Raw Material
Raw Material
Raw Material
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As seen in Table 1, the locations in the core production process include the dispatch
warehouse, assembly, logistics warehouse, manufacturing workshops, and logistics warehouse.
In the assembly phase, finished products are produced, while the core production process
involves raw material arrival from the logistics warehouse, distribution to manufacturing
workshops, and post-manufacturing demand for finished products at the assembly stage via the
dispatch warehouse. The key cost variables in the internal logistics process and their distribution
across the processes are provided in Table 2.

Tab. 2 Key cost variables in the internal logistics process and their distribution across
processes

Forklift Transpallet Material
*Dizel *Electricity Handling Cart

Energy Consumption

(Diesel/Electricity/Labor Hour) 3 LtHours 0,31 kW/Hours 1.0
Loaded/Unloaded Driving Speed Km /PIIZ);?rg 6,00 km/Hours 4,00 km/Hours
Duration O’Qﬁ?frg 0,00017 Hours 0,00025 Hours
Energy Consumption Amount

(Diesel/Electricity/Labor Hour) 0,00015 0,00005 0,00025
Energy Consumption Amount (USD) $0,00048 $0,00037 $0,00030
Carriage Capacity 2.000 Kg 1.600 Kg 300 Kg

Source: The calculated costs are based on the fuel prices as of December 2, 2024, and the
corresponding cost parameters

In the newly designed model, the materials to be transported are categorized into two
groups: raw materials and parts. Route groups have been created to determine routes based on
locations.

1. Fixed Route: Parts are transported from Manufacturing Workshop 1 to Manufacturing
Workshop 2.

2. Fixed Route: Materials arriving at the Assembly Line are processed into finished products
and sent to the Dispatch Warehouse.

1. Group Route: Raw materials are transported from the Logistics Warehouse to
Manufacturing Workshop 1. Here, they are processed into parts.

2. Group Route: Finished parts processed in Manufacturing Workshop 2 are sent to the
Logistics Warehouse.

3. Group Route: Raw materials in the Logistics Warehouse are transported to the Assembly
Line.

4. Group Route: Manufactured parts and purchased ready-made parts in the Logistics
Warehouse are transported to the Assembly Line.

In this study, a pilot application was carried out in a production company operating in
the manufacturing sector in order to demonstrate the practical applicability of the developed
model. To solve the problem, the applied process steps are as follows;

1- First, the on-site location data and the characteristics of the transportation vehicles were
analyzed.
2- The distance matrix was created using the savings algorithm.
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3- The shortest path algorithm was used to create product distribution and collection routes. A
program was developed using the Dijkstra Algorithm and the Python programming language
and the shortest transportation routes between locations were calculated.

4- The number of vehicles required was calculated according to the cargo amounts provided by
the user.

5- For each transportation route obtained, transportation time, fuel consumption and cost
calculations were made according to the type of transportation vehicle.

The data set used to implement the above steps includes information on distance
between locations, the amount of materials to be transported and the load capacities and energy
consumption of the transportation vehicles. Using the savings algorithm, distances between
locations were calculated, and a distance matrix was created. This matrix shows the distance of
each logistics point to the other points. The distance matrix serves as a fundamental data source
for optimizing transportation routes. The distance matrix was obtained by applying the savings
algorithm based on the location coordinates of the locations involved in the study. The distance
matrix obtained, shown in Table 3, displays the distances between all locations in the production
facility. The matrix has been used as a basis for determining transportation routes and
performing cost analyses.

Tab. 3 Distance matrix between locations

DK1 DK2 DK3 AK1 AK2 AK3 AK4 AKS MK1 MK2 S]
DK1 0,00 19,00 72,00 31,40 5590 87,09 120,62 124,60 182,45 180,80 2214
DK2 19,00 0,00 53,00 25,00 39,82 72,18 102,11 106,78 168,32 161,90 202,5
DK3 72,00 53,00 0,00 58,60 33,30 49,00 52,35 60,96 135,33 109,33 150,1
AKI1 31,40 25,00 58,60 0,00 31,00 58,18 99,00 100,13 186,56 166,39 207,1
AK2 55,90 39,82 33,30 31,00 0,00 32,56 68,00 69,63 168,12 136,62 1772
AK3 87,09 72,18 49,00 58,18 32,56 0,00 51,88 46,87 179,39 126,57 1654
AK4 120,62 102,11 52,35 99,00 68,00 51,88 0,00 15,00 143,69 74,89 113,6
AKS 124,60 106,78 60,96 100,13 69,63 46,87 15,00 0,00 158,53 84,22 120,9
MK1 182,45 168,32 135,33 186,56 168,12 179,39 143,69 158,53 0,00 107,70 121,9
MK2 180,80 161,90 109,33 166,39 136,62 126,57 74,89 84,22 107,70 0,00 40,7
SD 221,42 202,55 150,10 207,13 177,20 165,47 113,60 120,95 121,92 40,79 0,0

The required transportation capacity for different types of raw materials and
manufacturing parts is shown in Table 4, and the number of vehicles is shown in Table 5.

Tab. 4 Locations load quantities table

Amounts (kg)
Raw Materials (1) 750
Items (1) 250
Raw Materials (2) 1.000
Items (1) 300
Total 2.350

Tab. 5 Required number of vehicles by load quantity table
Required Number of Vehicles

Forklift 2 Items
Transpallet 3 Items
Material Handling Cart 8 Items
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2 Results

This section presents the results of the analyses conducted for the optimization of
internal logistics processes. The findings obtained in line with the outputs of the algorithms
used in the study demonstrate the effectiveness and applicability of the proposed model.

The K-Shortest Path algorithm has been applied to the problem, referencing the distance
matrix, and the shortest transportation routes between locations have been calculated. A
program has been written in Python using Dijkstra's Algorithm. In the first stage, a calculation
was made to find the shortest distance between locations. Based on the calculation results, 15
different transportation routes were obtained. In Table 5, different route options and their total
distances are presented. Each route represents alternative paths that can be used during
transportation.

Tab. 5 Alternative transportation routes table

Number Path Total distance/m
Route 1 DK1 - AK1 - DK2 - MK2 - SD1 259,09
Route 2 DK1 - AK2 - DK3 - MK2 - SD1 214,82
Route 3 DK1 - AK3 - DK3 - MK2 - SD1 230,52
Route 4 DK1 - AK4 - DK3 - MK2 - SD1 233,87
Route 5 DKI1 - AK5 - DK3 - MK2 - SD1 242 .48
Route 6 DK2 - AK1 -DK2 - MK2 - SD1 252,69
Route 7 DK2 - AK2 - DK3 - MK2 - SD1 208,42
Route 8 DK2 - AK3 - DK3 - MK2 - SD1 224,12
Route 9 DK2 - AK4 - DK3 - MK2 - SD1 227,47
Route 10 DK2 - AK5 - DK3 - MK2 - SD1 236,08
Route 11 DK3 - AK1 - DK2 - MK2 - SD1 260,99
Route 12 DK3 - AK2 - DK3 - MK2 - SD1 216,72
Route 13 DK3 - AK3 - DK3 - MK2 - SD1 232,42
Route 14 DK3 - AK4 - DK3 - MK2 - SD1 235,77
Route 15 DK3 - AK5 - DK3 - MK2 - SD1 244,38

As seen in the graph in Figure 2, which compares the total distances of alternative
routes, each route represents a transportation operation covering various logistics points within
the facility. This graph provides important data for optimizing logistics processes within the
factory by identifying the shortest distance route.

The analysis results show that Route 7 (208.42 m) has the shortest distance among all
routes and has the potential to minimize transportation costs and time. On the other hand, Route
11 (260.99 m) stands out as the longest route, and therefore, has higher values in terms of cost
and time.

These results demonstrate that the effectiveness of a route is assessed not only based on
distance but also according to the performance of transportation vehicles and the logistics
scenario. By considering these distance differences in optimization studies, logistics processes
can be made more efficient.
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Distance Graph of Alternative Routes

Route 15 2444 m
235.8 m
Route 13 232.4m
216.7 m
Route 11 261.0m
236.1m
Route 9 227.5m
224.1m
Route 7 208.4 m
252.7m
Route 5 242.5m
2339 m
Route 3 230.5m
214.8 m
Route 1 259.1m
.Om 50.0 m 100.0 m 150.0 m 200.0 m 250.0 m 300.0 m

Fig. 2 Distance graph of alternative routes

The total distances of the obtained transportation routes were used as inputs in the
second stage. Based on these data, the transportation times, fuel consumption amounts, and
costs of the vehicles were calculated according to the load quantities entered into the program.
The unit transportation times, fuel consumption amounts, and costs of the transportation routes
according to the vehicles used are presented in Table 6.

Tab. 6 Unit Transportation times and fuel costs of alternative transportation routes table

Time (min) Energy Consumption Energy Cost (Usd)

. Material .
Number dis'{aol:::e /m Forklift Transpallet I-l\I/I;:lt(i;‘il:; Fo(il;l)ift Tra(lll(sgvz)lllet Hacn;i:ing Forklift Transpallet I-I\I/::;lt;lril:;

Cart (USD) Cart
Route 1 259,09 0,46 0,86 0,49 1,30 0,24 0,000157 0,25 0,28 0,0001568
Route 2 214,82 0,38 0,72 0,40 1,07 0,20 0,000130 0,21 0,24 0,0001300
Route 3 230,52 0,41 0,77 0,43 1,15 0,21 0,000140 0,22 0,25 0,0001395
Route 4 233,87 0,41 0,78 0,44 1,17 0,22 0,000142 0,22 0,26 0,0001416
Route 5 242,48 0,43 0,81 0,45 1,21 0,23 0,000147 0,23 0,27 0,0001468
Route 6 252,69 0,45 0,84 0,47 1,26 0,24 0,000153 0,24 0,28 0,0001529
Route 7 208,42 0,37 0,69 0,39 1,04 0,19 0,000126 0,20 0,23 0,0001262
Route 8 224,12 0,40 0,75 0,42 1,12 0,21 0,000136 0,22 0,25 0,0001357
Route 9 227,47 0,40 0,76 0,43 1,14 0,21 0,000138 0,22 0,25 0,0001377
Route 10 236,08 0,42 0,79 0,44 1,18 0,22 0,000143 0,23 0,26 0,0001429
Route 11 260,99 0,46 0,87 0,49 1,30 0,24 0,000158 0,25 0,29 0,0001580
Route 12 216,72 0,38 0,72 0,41 1,08 0,20 0,000131 0,21 0,24 0,0001312
Route 13 232,42 0,41 0,77 0,44 1,16 0,22 0,000141 0,22 0,25 0,0001407
Route 14 235,77 0,42 0,79 0,44 1,18 0,22 0,000143 0,23 0,26 0,0001427
Route 15 244,38 0,43 0,81 0,46 1,22 0,23 0,000148 0,23 0,27 0,0001479

The graph in Figure 3, which compares the transportation times of vehicles by route,
shows the division of transportation times for vehicles such as forklifts, Transpallet, and
material handling carts according to the route. Forklifts generally have shorter transportation
times, while in some routes, material handling carts or Transpallet have longer times. This
indicates that each vehicle performs differently based on its intended use and speed capabilities.
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As a result, this graph provides an important reference for evaluating the efficiency of
transportation vehicles and optimizing routes. While forklifts perform the transportation in a
shorter time, Transpallet and material handling carts take longer. These analyses contribute to
decision support processes aimed at optimizing transportation times and costs.

Transportation Time Graph by Vehicle Type
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Fig. 3 Distance graph of alternative routes transportation time graph by vehicle type

The graph in Figure 4, which shows Fuel Consumption by Vehicle Type, compares the
fuel consumption of transportation vehicles used on different routes. The graph illustrates how
much fuel vehicles such as forklifts, transpallet, and material handling carts consume according
to the route. Forklifts generally consume more fuel than other vehicles. This can be explained
by forklifts having more powerful engines and being able to operate faster. Transpallet and
material handling carts typically consume less fuel, especially on short distances, as efficient
operation reduces fuel consumption. Long-distance routes increase fuel consumption for all
three vehicles, which is a natural result of the vehicles having to operate for longer periods.
Forklifts show higher fuel consumption due to their powerful engines and speeds. On the other
hand, other vehicles provide efficient transportation with low fuel consumption, especially on
short distances. These analyses can be used to reduce fuel costs and optimize transportation
processes.

Energy Consumption Amount by Transportation Vehicle Chart
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Fig. 4 Explanation of energy consumption graph by vehicle type

In the fuel consumption cost graph by vehicle type in Figure 5, which compares the fuel
consumption of transportation vehicles for each route, the cost of fuel used by vehicles such as
forklifts, Transpallet, and material handling trucks is shown. Forklift fuel costs are generally
higher compared to other vehicles. This is because forklifts consume more fuel and typically
operate with higher fuel prices. On the other hand, Transpallet and material handling trucks
have lower fuel costs. These vehicles, used for short distances, generally consume less fuel and
result in lower costs. For long-distance trips, fuel costs for all vehicles increase. However, the
higher fuel consumption of forklifts means higher costs, especially on long-distance routes.
Although forklifts have higher fuel costs for long distances, Transpallet and material handling
carts have been observed to provide lower costs.

These three graphs, which evaluate the efficiency and cost of the transportation process,
compare the performance of different transportation vehicles. While forklifts stand out with
their high speeds and carrying capacities, they also impose higher fuel consumption and costs
compared to other vehicles. Transpallet and material handling carts, on the other hand, have the
advantage of lower fuel consumption and cost, but they work for longer periods in terms of
transportation time. Forklifts can be preferred in cases where short-term transportation is
required, but their higher fuel consumption will increase costs. On the other hand, Transpallet
and material handling carts, due to their lower fuel consumption, offer a cost advantage, making
them an efficient option, but their transit times, especially on long distances, can significantly
increase. All vehicles consume more fuel over long distances. This situation particularly
increases the cost of forklifts. Transpallet and material handling carts, especially on short
distances, oosfer a low-cost solution, making them a more economically attractive option.
These data provide important information regarding the efficiency and cost-effectiveness of

transportation processes and can be used as decision support tools to optimize transportation
processes and reduce costs.

Energy Cost Amount by Transportation Vehicle Chart
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Fig. 5 Explanation of energy cost graph by vehicle type

3 Conclusions

This study presents an analysis of alternative transportation routes and vehicles designed
to optimize the internal logistics processes in production facilities. The primary aim of the
research was to optimize internal logistics processes in a cost-effective, fast, and flexible
manner. In this context, comprehensive analyses were conducted using the distance matrix
generated by the savings algorithm and alternative routes calculated through the K-shortest path

algorithm. The findings of the study clearly demonstrate the applicability and effectiveness of
the proposed model.
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As a result of the analyses, a fundamental data set for intra-facility transportation
processes was established by thoroughly evaluating the distances between locations.
Furthermore, by calculating different transportation routes, the most suitable transportation
options in terms of cost and time were determined. Performance analyses performed using
different vehicle types (forklifts, transpallet, material handling carts) provided the opportunity
to optimize transportation costs and durations. Additionally, the required number of vehicles
was determined based on total load quantities, contributing to the planning of logistics
processes.

In conclusion, the study proposes a model that reduces costs and increases the speed
and flexibility of transportation processes by optimizing internal logistics processes. In the
event of an unexpected vehicle failure, the proposed model includes emergency measures to
minimize failures. The system is specifically designed to immediately redistribute tasks to
available vehicles and ensure continuous operation with minimal delay. This adaptive feature
increases the model's reliability and practical applicability in real-world production conditions.

The results obtained demonstrate that the proposed model can be applied not only to the
production facility examined in this study but also to other enterprises with similar internal
logistics processes. Since the study can serve as a guide for making significant improvements
in business logistics management strategies, the methodology is not limited to the
manufacturing sector but can also be applied in other sectors such as retail, healthcare, and
pharmaceuticals.

Although this study demonstrated the effectiveness of the savings algorithm and K-
shortest path algorithm used in internal logistics processes, it also presents various limitations
and suggestions for future research. Firstly, while the performance of the algorithms used in
this study has been proven, they have not been compared with more complex and meta-heuristic
algorithms (such as Genetic Algorithms and Artificial Neural Networks). This indicates the
necessity for future research to conduct performance comparisons of algorithms.

The study focused on a specific production facility, and the results were evaluated
within this context. However, research should be conducted to explore the applicability of
logistics processes in different sectors (e.g., healthcare, automotive, retail) and address the
challenges that may arise in these sectors. Such cross-sectoral analyses would enhance the
generalizability of the proposed model.

The data used in the study is static, and it was not tested on real-time systems with
dynamic data flows. In the future, the development of optimized models using real-time data
could provide significant benefits in managing variable demands and logistics processes.
Additionally, while the study focused on transportation costs and durations, evaluating
environmental impacts (such as carbon emissions, energy consumption) and integrating green
logistics approaches into the model would be important.

Finally, a software or user-friendly interface design is recommended to increase the
usability of the algorithms in businesses. Such an integration could enable logistics managers
to easily apply the algorithms and efficiently manage processes. In summary, while this study
makes a significant contribution to the optimization of internal logistics processes, it is clear
that future research should focus on the development of algorithms in a broader context,
enhancing environmental sustainability, and investigating the applicability across different
sectors.

The limitations of this study are related to the scope of application, data characteristics,
and environmental factors. The study focused solely on a specific production facility, and the
generalizability of the results to other sectors is limited. While technical factors such as
transportation costs and durations were the focus, environmental impacts such as carbon
footprints and social factors like employee safety were neglected. Although the performance of
the algorithms used has been demonstrated, comparisons with more advanced meta-heuristic
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methods were not made, restricting the opportunity to evaluate the effectiveness of the method
compared to alternatives.

Future research recommendations for this study include sector-specific application
studies, exploring how this model can be adapted to sectors like healthcare, automotive, and
retail. Additionally, dynamic logistics processes could be addressed by developing real-time
optimization models that account for demand changes and urgent transportation needs.
Environmental and social impacts have not been adequately addressed in this study, so future
models may incorporate green logistics approaches and factors such as employee safety. The
use of meta-heuristic algorithms could enable the identification of more efficient solution
methods through comparisons with existing algorithms. Lastly, logistics optimization could be
integrated with supply chain management and production planning to create more
comprehensive management strategies. These research directions could expand the scope of the
study and offer broader application areas.
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