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Abstract –The general purpose of this research was to 

develop a proposal for manufacturing vehicle license 

plates in Tegucigalpa, Francisco Morazán, using 

recycled PETG plastic filament in 3D printing through 

the use of industrial systems simulation. Part of the 

objectives was to identify critical stages of the process, 

for which the initial design of the plates was developed 

in SolidWorks and subsequently evaluated and 

adjusted using 3D printers like the Bambu Lab A1, 

identifying that the appropriate thickness should be at 

least 4 mm to ensure structural quality and proper layer 

adhesion and that the average printing time of part A 

would be 3 hours and 40 minutes, revealing that this 

factor would be the biggest obstacle to implementing 

this proposal. Through cost engineering, the economic 
benefits of manufacturing with recycled PETG were 
analyzed, demonstrating that this methodology reduces 
costs while promoting a sustainable and efficient 
additive manufacturing model. The analysis revealed 
that the proposed method yields a cost of L.90.53 per 
plate (this price is based on material cost), this cost being 
below the current cost of traditional plates which 
starting price is L.500 for two plates (this price includes 
all operational costs). The identification of critical stages 
in the process, supported by simulations, provided 
valuable insights for future large-scale implementations, 
offering an economically and environmentally 
responsible solution to the shortage of vehicle license 
plates in the country 
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1. Introduction 
Honduras is experiencing a crisis in the 

transportation system due to the shortage of material 
used in the manufacture of vehicle plates nationwide. 
The Property Institute (IP), the regulatory body for the 
issuance of vehicle plates, is currently facing difficulties 
in meeting demand due to the problem of acquiring 
materials from its suppliers. Due to this crisis, vehicle 
plates have not been issued in traditional material, but 
rather provisional paper identifications have been used, 
which is unsafe and has generated commotion among 
citizens. [1]. Due to this problem, this research has 
arisen, which proposes the manufacture of vehicle plates 
in 3D printing and also the use of recycled PETG filament. 
Research carried out in Panama [2] and Honduras [3] 
have highlighted the feasibility of using materials such as 
recycled polymers for 3D printing. These investigations 
have applied various engineering methodologies from 
the Design of Experiments and the analysis through 
simulators [4]. The contributions of these promote good 
practices of sustainability and responsibility with the 
environment. In accordance with these initiatives, this 
project proposes to apply it in the manufacture of vehicle 
plates. 3D printing processes offer advantages such as 
rapid manufacturing of functional parts, shorter delivery 
times and lower costs in research and development [5]. 
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As tools for carrying out this research, the SolidWorks 
computer-aided design software was used for the design 
used in the printing of vehicle plates, the FlexSim 
industrial process simulation software to simulate the 
printing process of the plates and the 3D printer 
instrument for printing the plates 

 
2. Methodology 
2.1. Research Approach 

This research used a quantitative approach, the 
tools and analysis applied is from an engineering point 
of view. With this approach, the feasibility of 
manufacturing vehicle lockers by 3D printing and using 
recycled PETG filament was evaluated, taking into 
consideration the production costs, such as the number 
of printers needed to meet a specific demand or 
objective. 

 
2.2. Research Scope 

The scope of this project is correlational, since it 
sought to identify and analyze the relationships that 
exist between the variables that are involved in the 
manufacturing process of 3DP vehicle license plates. It 
explored how material consumption, printing time, and 
the number of available printers contribute to the cost of 
3DP printed vehicle license plates.[6] 

 
2.3. Variables Analyzed 

2.3.1 Independent Variables  

The independent variables in this study include 
the material used and the printing parameters. The 
material, in this case, was recycled PETG filament. The 
printing parameters, such as nozzle temperature, 
printing speed and layer thickness, are also considered 
independent variables. 

 
2.3.2 Dependent Variables 

The dependent variables in this research include 
production time, production cost, economic feasibility 
and the number of printers needed to satisfy the process 
demand. Production cost is analyzed in terms of 
material, energy and labor consumption. Economic 
feasibility is evaluated by considering the total projected 
cost of material versus the demand for license plates. The 
number of printers required is calculated to meet the 
demand in different simulated scenarios. 

 
2.4. Population and Sample 

2.4.1 Population 

The population of this study comprised ten license 
plates that are suitable for 3D printing using recycled 
PETG filaments. The suitability of the plates to be printed 
was defined by compliance with the size and design 
standards required for vehicle use, considering 
variations in filament color and material consumption in 
grams and meters. 

 
2.4.2 Sampling Method 

The type of sampling used is non-probabilistic for 
convenience due to the availability of recycled PETG 
filament at present. With this type of selection sampling, 
relevant variations such as behavior and material 
consumption during printing were captured. This 
approach responded to the need to obtain material 
consumption data relevant to economic analysis. [6] 

 
2.4.3 Sample 

The research sample consisted of physical 3D 
printing using recycled PETG filament of 6 vehicle 
license plates. The 3D printing of six vehicle license 
plates allowed obtaining tangible data regarding 
material consumption, comparing and validating with 
the data obtained from the 3D printing software 
prediction. 

In this sample, the benefits of simulation and 
physical 3D printing tests were combined, because the 
simulations provided predictions on the behavior of the 
prints, while the physical printing of six plates allowed 
validation of the simulation data helping to generate a 
detailed analysis of the material and the process. 

 
2.4.4 Techniques and instruments applied 

Instruments 
 3D Printers (Bambu Lab A1): Used to conduct 
physical printing tests with recycled PETG filament, 
allowing the evaluation of the viability of vehicle plate 
production. 
 FlexSim Software: A simulation tool that enables 
the modeling and optimization of the production process 
in a controlled environment, simulating different 
production and demand scenarios. 
 SolidWorks Software: Used for the 3D design of 
vehicle plates, allowing the adjustment of dimensions 
and conducting structural simulations of the model 
before printing. 
 Microsoft Excel: Employed for data analysis, 
recording results, and calculating costs associated with 
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the production process, facilitating the management and 
comparison of key variables in the project. 
 
Techniques  
 Process simulation in software: Use of FlexSim to 
replicate the production flow in a virtual environment 
and evaluate the efficiency of the process. 
 Process analysis: A technique to identify potential 
bottlenecks and optimize the production flow at each 
stage of the process. 
 
2.4.5 Validation Methodology  

The validation of this project was carried out in 
three main phases. The first phase consisted of 
conducting preliminary 3D printing tests with recycled 
PETG filament for the production of vehicle plates in a 
controlled environment, considering studies conducted 
with PETG demonstrate that it is a material with high 
chemical resistance, as well as the ability to withstand 
high temperatures and mechanical stresses. These pilot 
tests allowed for the analysis of the filament's 
effectiveness, recording data on material performance, 
print time, and filament consumption per plate. This 
initial process was essential for identifying potential 
errors and adjusting parameters, ensuring that the 
production methodologies were suitable for the study 
and thus reducing variations that could affect the final 
results. 

The second phase of validation was carried out 
through a simulation of the printing process in FlexSim 
software. This simulation replicated the production flow 
in a virtual environment, allowing for a comparison of 
the data obtained from physical tests with the simulated 
results. This stage facilitated the analysis of the model's 
consistency and the identification of opportunities for 
improvement in the workflow, ensuring that the model 
accurately reflected the conditions observed in the real 
tests. The simulation was reviewed by experts to validate 
its accuracy regarding printing parameters and material 
consumption. 
The third phase involved the review of these results by 
industrial engineering experts, who provided 
observations and feedback to validate that the proposed 
process met the standards of feasibility, efficiency, and 
sustainability, thus completing the comprehensive 
validation of the project 
 
3. Analysis and Results 
3.1 Design and Modeling of License Plates 

3.1.1. Design Piloting and 3D Printing for 
Validation 

The piloting process consisted of an iterative cycle 
that integrated the design in CAD software, 3D printing 
and the analysis of the piloting results, with the main 
purpose of validating the preliminary design of the 
vehicle plates. This process began with the development 
of the base model in SolidWorks, then this design was 3D 
printed to evaluate its characteristics and analyze points 
of improvement in the design so that it complied with the 
vehicle plate standards. For this reason, two tests were 
carried out, which resulted in two pieces resulting from 
the piloting tests. [6] 

 
3.1.1.1. Initial Design 

The development of the preliminary design of the 
license plate in the first pilot began with a basic 
SolidWorks model that served as a starting point for the 
pilot tests. This initial design considered the standard 
dimensions of vehicle license plates in Honduras, see Fig. 
1. SolidWorks vehicle plate design 1: 

Length: 30 cm 
Width: 16 cm  
Thickness: 2mm 

 
 
 
 
 
 
 
 

 
 

Fig. 1: SolidWorks vehicle plate design 1 

 
Following the evaluation of the first pilot, 

necessary adjustments were identified and a second, 
more detailed and complete design was developed. This 
model, see Fig. 2 SolidWorks vehicle plate design 2 
included adjustments such as: 
• Internal blue line: An internal line was added for 
the blue stripe characteristic of the Honduran plates. 
This line located 4 cm from the outer edge. 
• Corner rounding: To improve functionality, 
corners were rounded to a radius of 1.03 cm. This 
reduces the risk of edge fractures and ensures a better 
aesthetic finish. 
• Inner edge: An internal black border was 
generated using the offset tool, creating a uniform 8 mm 
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border towards the inside of the plate, which gives it 
greater rigidity and an improved aesthetic appearance. 
• Text Correction ("Central America"): In 
SolidWorks, the text "Central America" was adjusted to 
include the accent on the letter "e", ensuring that the 
design is correctly represented in print. 

 
 
 
 
 
 
 
 
 

Fig. 2 SolidWorks vehicle plate design 2 

 
Design Piloting and 3D Printing for Validation 

The first print run was carried out on a reduced-
scale Prusa MK4 printer (40%) see figure 3, which 
allowed us to identify the necessary adjustments that had 
been made to SolidWorks design two. In the final stage, 
design two was printed on the Bambu Lab A1, adjusting 
the plate thickness to 4 mm for greater strength. Due to 
printer limitations, the plates were manufactured in two 
parts joined together afterwards. 

Pilot validation was essential in additive 
manufacturing projects, such as vehicle license plates, as 
it allows preliminary designs to be evaluated and 
adjusted before their full implementation. This approach 
reduces costs associated with errors and minimizes 
material and time waste, taking advantage of rapid 
iterations in CAD and prototypes to solve problems at 
early stages [7]. 

 

 
Fig. 3. 3DP Pilot Test 

 

 
Fig. 4 Printed Preliminary Design 

 
3.1.2 Manufacturing Test Setup 

At this stage, the printing parameters were defined 
and adjusted to ensure the quality and consistency of the 
3D printed license plates with recycled PETG filament. 
The settings were established on the Bambu Lab A1 
printer, ensuring a balance between quality, durability 
and efficiency in material consumption. The printing 
parameters were adjusted based on the results observed 
in the prototypes and were defined as follows: 

 Extrusion nozzle temperature: 239 °C 
 Printer base temperature: 64 °C 
 Printing speed: 50 mm/ 
 Layer thickness: 0.2 mm 
 Adjusted thickness: 4 mm 

 
3.1.3 Physical Test Results 

The results of the physical printing tests provided 
detailed information on the behavior of the recycled 
PETG filament and the quality of the printed vehicle 
license plates. As the plates were made in two pieces due 
to machine limitations, the data for each piece is 
specified: 
The data obtained for part A include: 

• Production Time: On average, each vehicle plate 
took 3 hours 54 minutes to print. 

• Material Consumption: Each printed plate used 
an average of 130.45 grams of PETG filament.  

The data obtained for part B include: 
• Production Time: On average, each vehicle plate 

took 1 hour 24 minutes to print. 
• Material Consumption: Each printed plate used 

an average of 31.61 grams of PETG filament. 
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Fig. 5 Final result of printing vehicle license plates in 3D 
printing. 

 
The Fig. 5  Final result of printing vehicle license 

plates in 3D printing. shows the final product of the 3D 
printed license plate, this is the result of joining Part A 
and Part B. In order to reach this final product, a process 
was established that will be described in the following 
section. 

 
3.2 Print Process Flow Analysis 

The process flow analysis helped to clearly 
visualize the operation of the process performed for 3D 
vehicle license plate printing. A summary table of the 
process flow diagram has been made, in which you can 
see the stages of the process, the activity performed at 
that stage, and the result obtained from that stage. See 
Table 1 Vehicle license plate 3D printing process 

Table 1. Vehicle license plate 3D printing process 

 
With the information on how the printing process is 

carried out, it was possible to identify the stages and 
critical stages that are important for the operation of the 
system. 

 
3.2.1 Identification of Critical Steps 

Through the analysis of the printing process, the 
critical stages were highlighted as follows: 
 Filament check: If there is not enough filament 

load, the print will be incomplete. In case of a bad 
filament the print may fail. 

 Continuous monitoring in printing: Be aware of any 
interruption in order to solve it and not generate 
major delays in the production line. 

 Quality control: Do not approve a product that does 
not meet the requirements. 
The critical stages above have been extracted from 

the flow chart that was used to clearly visualize the 
structure of each stage, how it is performed and what its 
result is, this helps to understand the flow of the printing 
process. The flow chart is in the full report of this 
research. This utility highlights [8] that process analysis 
through visual tools such as the flow chart, allows to 
visualize bottlenecks, inefficiencies and opportunities 
for improvement. Given the understanding of the 3D 
vehicle license plate manufacturing process, the 
activities are carried out in relation to the simulation 
model in FlexSim. 

 

3.3.1. Piloting of the simulation model in FlexSim 
As a preliminary stage of the research, a pilot test 

of the simulation model was carried out to validate it 
before carrying out larger-scale simulations. At this 
stage, the accuracy of the model in being able to replicate 
the process with the conditions observed in the physical 
3D printing tests was identified, as well as the printing 
and machine preparation times through the simulations 
issued by the printing software. 

 
3.3.1.1. Formulación del modelo de Simulación en 
FlexSim 

The simulation of the process in FlexSim replicated 
the process of plate printing from receiving the order to 
make a license plate to the printed license plate. The 
processes were represented in the simulation by the tool 
objects that FlexSim provides. The replicated times are 
in units of seconds, so the current model that covers a 
time from 8 am to 5 pm is 32,400 seconds. 

With the information collected from the observed 
times in the design, printing and joining processes, the 
processing times were configured with probabilistic 
distributions. The distributions for each of the printing 
and joining processes were made in the Expertfit 
software found within the same FlexSim software. The 
distributions are found in Table 2. 
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Activity 
Processing Price 

Distribution 

Piece A 
Johnson SB 
Distribution 

Piece B Beta Distribution 

Union Beta Distribution 
Table 2. Time Distribuition 

 
Processing times with probabilistic distributions 

are observed in the following tables 

 
Table 3. The print time for Part A utilized the Johnson SB 

distribution 

 
Table 4. The print time for Part B utilized the BETA 

distribution 

 
Table 5. The joining time for Parts A and B 

 
 
 

3.3.1.2 Validation of the Simulation model in FlexSim 
The simulation model performed in FlexSim to 

simulate the plate printing process must be statistically 
validated, the performance indicators that the 
simulation yields must be equal to the real data. 

As shown in the table above, Table 6 Tests for two-
sample variance, by means of the F test for variances of 
two samples it was possible to verify that the variances 
were equal, therefore, the T test was carried out 
assuming equal variances and the model was statistically 
validated. The validated model verifies that the time 
measurements and distributions carried out in Experfit 
were carried out correctly and can be used to propose a 
new model in Flexsim. 

 
 
 
 
 
 
 
 

 
Table 6. F-Test for Two-Sample Variances 

 
3.3.2 Simulation Results in FlexSim 

The current situation of the printing process has 
only one printer that is in charge of printing Part A and 
Part B and a station for joining parts, which in a day from 
8 a.m. to 5 p.m. is only capable of completing a full plate, 
which we can visualize as KPI Printed Plates in Table 7 . 

 

 
Table 7. Current and proposed situation 

 
To start with the proposed situation, the key part 

was to choose two printers, one printer being in charge 
of printing Part A and another to print Part B. By 
simulating the process we were able to Identify the 
bottleneck in the vehicle license plate manufacturing 
process, thereby analyzing the critical stage by which the 
process capacity is compromised. With the proposed 
situation of two independent printers for part A and part 
B in the simulation model, it is possible to manufacture 
two vehicle plates per work day. In the proposed 
simulation model there are three parameters that can be 
modified in quantity. The three parameters are: quantity 
of printers for Part A, quantity of printers for Part B and 
quantity of part joining stations. These parameters can 

Current Situation Proposed Situation

Number of Printers 1 2

KPI Printed Plates 1 2

Variable 1 Variable 2

Mean 1 1

Variance 0 0

Observations 10 15

Degrees of Freedom 9 14

F 65535

Critical Value for F

P(F<=f) one-tail

0.33052686
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be modified in Experimenter, which is a tool that FlexSim 
has, in which different scenarios can be evaluated by 
modifying the existing quantity of parameters, 
performing an analysis to be able to make informed 
decisions. Highlighting [9] that the simulation generates 
a great benefit for us by being able to modify parameters 
to visualize their improvement in the result of the 
process. 

 
3.4 Economic feasibility 

3.4.1 Cost analysis per plate 

To determine the economic viability of the 3D 
license plate printing proposal, it began by analyzing the 
costs associated with printing license plates, such as 
filament consumption and energy expenditure. Detailed 
cost data can be found in the full report of this research. 

Table 8. Cost of spool used per plate 

 
The identification of filament consumption has 

been essential to be able to find the monetary cost per 
plate after printing. [10] The estimation of costs in the 
early stages of a project is essential to be able to evaluate 
budgets and analysis in an effective way. To estimate the 
total cost per plate, the energy consumption of the 
printers during the time they are working when 
manufacturing each plate was finally taken into 
consideration [11]. See Table 9. 

 
Table 9. Electrical consumption per print 

 
Taking into account these factors that directly affect 

the production of vehicle license plates, it was estimated 
that the cost per plate would be L.90.53. The price is 
considered optimal and of great savings considering the 
costs of the metallic vehicle license plates that circulate 
in the country. Economic savings demonstrate a great 
benefit as well as the recycled material contributes to the 
reduction of environmental impact [11]. 
 

Cost of Roll 
Used per Plate 

(Lempiras) 

Printing Energy 
Consumption 

(Lempiras) 

Total Plate 
Cost 

(Lempiras) 
L79.47 L11.06 L90.53 

Table 10. Cost of materials per plate 

Bearing in mind the detailed costs in Table 8, which 
directly affect the production of vehicle plates, it was 
estimated that the cost per plate will be L.90.53. The 
price is considered optimal and a great savings 
considering the costs of metal vehicle plates that 
circulate in the country. The economic savings 
demonstrate a great benefit as well as the recycled 
material contributes to the reduction of environmental 
impact [12] 

 
4. Discussion  

A methodology was defined to manufacture 
vehicle plates using 3D printing with recycled PETG 
filament. It's important to explain that this material 
possesses the necessary resistance for the product in 
question. It withstands greater mechanical stresses, 
making it ideal for parts that need to be robust. Similarly, 
PETG has a higher melting point than PLA, which means 
it can tolerate higher temperatures without suffering 
deformation [13] 

 The design in SolidWorks and pilot tests on 3D 
printers such as Prusa MK4 and Bambu Lab A1 allowed 
for the adjustment of critical parameters such as the 
thickness, which had to be 4 mm to ensure strength and 
durability 

FlexSim analysis and physical tests identified the 
bottleneck in printing Part A, with an average time of 3 
hours and 40 minutes. These tests identified the need to 
evaluate scenarios to optimize efficiency through 
simulation and pointed out the need to improve the 
technology used in printing the plates 

The simulation model in FlexSim validated that 
with one printer per part, only one complete plate is 
produced in an 8-hour workday. It was proposed to 
separate stations and assign one printer per part, 
increasing production to two plates per day. Using 
Experimenter, scenarios were evaluated to determine 
the optimal number of printers needed to increase 
production. 

The average manufacturing cost per plate was 
estimated at 90.53 lempiras, considering the 
consumption of recycled PETG filament and electrical 
energy, using a Bambu Lab A1 multicolor printer. 
Currently the metallic license plates that traditionally 
has been used in Honduras have a price around L.500 per 

Materials

Percentage of 

filament 

roll used

Price per filament 

spool in Lempiras

Cost of filament 

utilized per plate

Lempiras

White 10.16% 452.68 45.99

Blue 2.80% 452.68 12.67

Black 4.60% 452.68 20.81

Total 17.56% 79.47

Printer 

utilization 

hours per 

print per plate

Maximum power 

consumption (in 

watts)

Watts/hour KW/Hr

Cost in 

Lempiras 

per kWh

Energy 

consumption 

of printing (in 

Lempiras)

Impresor

a Bambu 

Lab A1

5.06 350 1771 1.771 6.24 11.06
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two plates. [14]. Though the cost previously mentioned 
is the final cost for citizens. Compared to the proposed, 
this makes 3D printing approach a financially attractive 
alternative.  Further studies could refine this estimate 
and explore the impact of mass scale production 
 

5. General conclusion  
In general, the 3D printing process of vehicle 

plates with recycled PETG is economically viable, 
reducing manufacturing costs. However, the average 
printing time of 5 hours and 6 minutes limits the capacity 
to meet demand in Honduras. The computerized design 
of the plates meets the required measurements. Adding 
the possibility of exploring other production methods 
that require accelerating the process to make it more 
productive. 

 
6. Recommendations 

6.1 Research Recommendations 

To expand the analysis of variables involved in 
3DP, exploring different types of recycled filaments. In 
order to compare and study the efficiency, strength and 
durability of the materials. 

Create a design that meets specifications but has a 
shorter print time for faster production and improved 
production capacity. 

Use industrial printers that can print the plate at 
its standard scale, without the need to make the pieces 
separately and avoid joining them together, which delays 
production time. 

For better quality research, future researchers are 
advised to simulate times on a printer that can print the 
plate in its size, thus speeding up the production process. 

 

6.2 Recommendations for the Business Line or 
Group of Companies 

The entities in charge of the production of vehicle 
license plates with the adoption of 3D printing 
technology can benefit the manufacturing process, due 
to its reduction in production costs and the 
environmental impact it generates by using recycled 
material [15] y [16]. 

Establishing alliances with suppliers of recycled 
materials would also strengthen the supply chain, 
promoting the circular economy in the industry and 
reaffirming the commitment to environmental 
sustainability. 

The study of this research was conducted at the 
proposal level in the field of additive manufacturing (3D 

Printing), computer-aided design, and industrial 
systems simulation. The results of the research serve as 
support for decision-making based on the production of 
plates through 3D printing of vehicle plates using 
filament made from recycled PetG. 

The tools used for the research and the 3D printing 
of vehicle plates can be replicated by other researchers 
who wish to assess the technical feasibility of additive 
manufacturing for plate production. Computer-aided 
drawing techniques and industrial systems simulation 
can be replicated to analyze the feasibility of other 
products that can be made through 3D printing. 
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