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Abstract

This article presents an operational model designed to mitigate the root causes of a low OTIF (On Time In Full) index
within a fruit distribution company in Lima, Peru. This case study employed a hybrid approach that combines
Standardized Work and CVRPTW to address these identified root causes. To achieve our objective, Standardized
Work contributes to eliminating unnecessary time spent on non-value-adding activities, positively impacting the cycle
time of the production process. On the other hand, the CVRPTW (Capacitated Vehicle Routing Problem with Time
Windows) tool optimized routes, thus eliminating delays and inefficiencies in the transportation process.
Subsequently, to validate the results of the indicators from the Standardized Work tool, a simulation was conducted
comparing the initial situation and the proposed scenario. As a result of this validation, the components of the OTIF
index, service level, and on-time order level increased to 91%, 96%, and 95%, respectively.
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1. Introduction

Currently, there is a positive trend toward the development of the logistics services market, which faces the complex
challenge of balancing operational efficiency and quality amid the increasing volume of freight transportation (Garrido
et al. 2022). The search for solutions to improve transportation efficiency while minimizing environmental impacts
has become a strategic priority.In the Peruvian context, a distribution company encounters specific challenges related
to the country’s geography, transportation infrastructure, and the need to ensure efficient product distribution
(Cusihuaman-Torres et al. 2023).

The company under study, like many others in the region, faces pressure to enhance its supply chain and minimize
operational costs. Specifically, this company, dedicated to the wholesale procurement and distribution of fruits,
struggles with operational inefficiencies that directly affect its OTIF (On Time In Full) index, currently at 70%.

One of the most critical issues identified in operations management is poor transportation planning, which causes
delivery delays, resulting in lost sales and customer dissatisfaction. Inefficient fleet management also contributes to
delays and product quality issues, affecting customer satisfaction. Prolonged order preparation times are another major
cause, leading to incomplete deliveries that negatively impact customer satisfaction and sales. Moreover, inadequate
handling of fruits and products that fail to meet technical specifications has a direct effect on product quality.
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This detailed analysis demonstrates that the low OTIF index is not merely an operational problem but one with
significant negative repercussions for the company. Addressing these root causes is essential to improve customer
satisfaction, reduce financial losses, and maintain strong relationships with customers and contractual partners. This
research focuses on implementing solutions based on Standardized Work and route optimization using CVRPTW
technology to tackle these issues.

1.1 Objectives
General Objective: To improve the OTIF index in a fruit trading and distribution company through the use of the
Standardized Work tool and the implementation of CVRPTW.

Specific Objectives:

Objective 1: Develop the background and state of the art of the project.

Objective 2: Conduct the analysis and diagnosis of the problem using information gathered from the company.
Objective 3: Design and develop the Standardized Work tools and the CVRPTW implementation.

Objective 4: Validate the solution and assess its impact on the OTIF indicator.

2. Literature Review

Currently, optimizing logistics and improving On Time In Full (OTIF) delivery index is crucial for companies seeking
to maintain market competitiveness. This systematic review explores various strategies and techniques, particularly
Standardized Work and CVRPTW, to enhance operational efficiency and delivery punctuality in the fruit distribution
and transportation sector.

The Vehicle Routing Problem (VRP) is a combinatorial optimization problem classified as NP-hard, first introduced
in 1959 by mathematicians Dantzig and Ramser. The goal of VRP is to find optimal routes for a fleet of vehicles that
start from a depot, serve each customer once, and then return to the depot (Baldacci et al. 2012). Since its inception,
research literature in this area has rapidly expanded, extending VRP to many variants to address real-world problems.
Researchers have initially tested exact methods, followed by heuristic and metaheuristic approaches (Elatara et al.
2023). VRP has evolved into several variants, each tailored to different constraints and specific characteristics of
distribution problems. In CVRP, vehicles have a limited capacity and must meet customer demands without exceeding
this capacity, making it critical in scenarios where vehicle load constraints are significant (Baldacci et al. 2012).
VRPTW adds the constraint that vehicles must make deliveries within specific time windows, particularly relevant
for distributing perishable products where timely delivery is crucial for maintaining product quality (Cordeau et al.,
2002).

In the context of a fruit distribution SME, implementing CVRPTW is particularly suitable due to the combination of
capacity restrictions and specific time windows characteristic of perishable product distribution. The limited vehicle
capacity requires precise planning to avoid overloads and ensure that each customer receives a complete order.
Furthermore, strict time windows ensure that fruits are delivered fresh, maintaining product quality and customer
satisfaction. CVRPTW optimizes vehicle routes, minimizes operating costs, and ensures deliveries are made within
designated time windows. This not only enhances operational efficiency but also improves the OTIF index, a key
performance indicator measuring delivery timeliness and completeness. Implementing CVRPTW in the fruit
distribution SME in Lima, Peru, has proven to be an effective solution for addressing logistical challenges, enhancing
both customer satisfaction and the company's market competitiveness.

The implementation of Lean Manufacturing across various industries has shown positive outcomes in terms of
improved operational efficiency and waste reduction. Lopes et al. (2015) found that applying Lean tools in the food
and beverage industry improved operational efficiency and production flexibility. This finding is relevant for the fruit
distribution SME, where flexibility and efficiency are critical to meeting market demands. Standardized Work is a key
Lean Manufacturing technique aimed at reducing variability and improving process efficiency. Fin et al. (2017)
demonstrated that implementing Standardized Work techniques can significantly reduce assembly times and
unnecessary operator movements, enhancing operational efficiency. Similarly, Shafeek et al. (2018) found that
Standardized Work in assembly lines reduces cycle time and increases productivity, overcoming personnel resistance
to standardization.
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Pérez Zempoaltecatl (2022) extended these findings to the ceramic manufacturing context, showing that
standardization not only improves product quality but also overall plant productivity. Morocho Rios et al. (2023)
applied these principles to the textile industry, improving quality and production efficiency of industrial clothing
through process standardization and continuous improvement. Reducing setup and cycle times is another crucial area
for improving logistical efficiency. Puvanasvaran et al. (2018) demonstrated that applying Standardized Work in the
ceramics industry can significantly reduce setup times, thereby enhancing operational efficiency. This approach can
be adapted to optimize cycle times in fruit transport logistics, reducing delivery delays or incomplete deliveries.

Patak et al. (2020) analyzed the components of a perfect order for fast-moving consumer goods deliveries, providing
a detailed understanding of how to improve OTIF index by implementing logistics performance indicators. Adopting
these indicators in the fruit distribution context can yield valuable insights for enhancing service punctuality and
quality.The application of Standardized Work has a significant impact on service level indicators, especially in
improving the OTIF index. Implementing this technique involves creating documented, repeatable procedures that
minimize variations and errors. This methodological approach includes clearly defining each process step, creating
standardized work instructions, and training staff to ensure consistent execution. Montoya et al. (2023) demonstrated
that Standardized Work in small and medium-sized paint companies reduced delivery times by 33.6% and improved
on-time delivery (OTD) rates by 17.85%, highlighting the relevance of this technique for enhancing operational
efficiency.

Efficient route planning is critical to improving OTIF index. Cusihuaman-Torres et al. (2023) proposed an operations
model based on Lean tools and route optimization to increase the perfect order rate in the consolidated cargo
distribution sector, emphasizing the importance of route planning and process management. This approach is
particularly relevant for the fruit distribution SME, where poor planning can lead to high loading and unloading times,
negatively affecting OTIF indices.

3. Methods

Standardized Work is defined as the establishment of documented and repeatable procedures that ensure each task is
performed efficiently and consistently, minimizing variations and errors (Fin et al., 2017; Puvanasvaran et al., 2018).
The primary goal of this tool will be to reduce the production cycle time across the unloading, receiving, sorting,
packaging, dispatch, and loading stations. Standardized procedures will be documented, and a continuous review cycle
will be established. This cycle will ensure that processes are continually improved and adapted to new demands and
changes in the operating environment, maintaining efficiency and quality over time. Figure 1 below presents the
methodology for its application.

start

Implementation of Standardized Work

~Tools, machines
-Numl
operators
~Materials and
supplies
“Workstation

Use of industrial

technigues

Stege 1- Process
Identification and
Analysis

]

Stage 2
Documentation of
Current Processes

]

Stage 3: Time
Measurement

=

Process Activity Diagram
D/

(DAR)

Stage 4: Production
Capacity Sheet
Development

Stage 5: Identification of
Areas for Improvement

Added value analys

TOC (Theory of
Constraints) analysis

Stage 6 Operations

Planning and
Distribution

Stage 7- Development of
Standardized Work
Sheets

Stage 8: Staff
Training

i

Stage 9: Simulation
and validation

Stage 10:
es— Implementation of
Validated

as the result \morovements
favorable?

Figure 1. Methodology for Implementing Standardized Work
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The second tool is CVRPTW, which is used to plan new transportation routes that optimize the use of available
vehicles, reducing the distance traveled and improving delivery times. The implementation of CVRPTW involves the
integration of specialized software that considers capacity constraints and time windows for each delivery, enabling
more efficient and effective planning. The implementation procedure is shown in Figure 2.
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Figure 2. Methodology for Implementing CVRPTW

Regarding the selected tool to optimize the route used by the company, the VRP Spreadsheet Solver tool (Erdogan,
G. 2017) will be used. Data such as the number of depots, the number of locations to visit, information about the
distances between points, time windows for customer deliveries, etc., will be entered. When the proposed model is
run, the tool will provide an optimized routing sequence, ensuring compliance with the pre-set delivery time windows.

Additionally, the Mathematical Model for the Vehicle Routing Problem with vehicle capacity restrictions is presented,
where the objective is to minimize time windows while keeping travel costs under control:

minZM “vi € +Z Z cij xijk
iev kek (i,j)ea

Where:

e M -vi: Penalty for any deviation from the time windows.
e cij xijk : Travel cost between nodes i and j, applied when vehicle k moves between these nodes.
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Table 1. Constraints of the CVRPTW Model

Constraint Description Formula
Each node is visited once | Each node must be Visit§d exactly once by some Z yik=1 VieV
vehicle.
kek
Vehicle Flow The flow of vehicles in and out of each node Z xijk = yik VieV,keK
must match, ensuring that each vehicle enters

N eV
and leaves a node it visits. J

Flow conservation To ensure continuous flow, the number of Z xijk = z xijk VieV,kek
vehicles entering a node must be equal to the

- . jev jev
number of vehicles exiting the same node. / /

Vehicle capacity Each vehicle has a maximum capacity Qk that

iyik <Qk VkeK
must not be exceeded by the sum of the 2 at ¢

demands of the nodes it visits (qi) v
Time Windows Each node must be visited within its specified ai <tik<bi VieV,keK
time window.
Transported load The amount of load transported must reflect the wijk > qiyik — Qk(1 — xijk)
node’s demand, adjusted to the vehicle’s
capacity. v(i,j) EAkEK

4. Data Collection

For the implementation of the standardized work tool, a time study was conducted in the order preparation process
(fruit crates). The continuous industrial timing method was applied to collect time observations for each activity.
Subsequently, with these observations, the standard time for each activity was calculated.

Table 2. Standard Time per Activity of the Process

Activity To \% Tn Al Standard |y,
Time

1 Material unloading 7,47 90% 6,73 123% 8,27 sec/box
2 ij;‘;ﬁz?gand 3201 | 90% | 28.81 123% 35.43 sec/box
3 Transport to selection 15,60 90% 14,04 123% 17,27 sec/box
4 Selection 88,63 90% 79,76 123% 98,11 sec/box
3 Pa;gf‘;ﬁfga“d 8586 | 90% | 77,28 123% 95,05 sec/box
6 ;22;%‘:2@“’ 145 | 90% | 130 123% 1,60 sec/box
7 Dispatch 9,50 90% 8,55 123% 10,51 sec/box
8 Loading 8,77 90% 7,90 123% 9,71 sec/box

Abbreviations: Average time of observations (To), Work rate evaluation (V), Normal time (Tn), Allowances or slack
for fatigue or personal and unavoidable delays (Al).

The routing problem and the development of the solution will consider one truck from the fleet, with a capacity of 15
tons. The start of this activity is marked by the departure of the truck from the fruit processing plant, once it has been
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loaded with the quantity processed during the day. According to company data, this truck completes the described
route daily, typically leaving at 7:00 AM, Monday through Saturday.

As seen in Figure 3, the truck starts its journey with 13.78 tons, which are distributed among the various sales points.
It is also important to note that the points generating the highest demand (in tons) for the company are the Tottus
hypermarket collection center (Sales Point 1) and the Supermercados Peruanos collection center (Sales Point 4), with
4.28 tons and 4.52 tons, respectively. The fruit with the highest volume of demand among all clients is the orange.

Table 3. Time Windows by Location

Location Description Time Window . Time
Start Window End
0 Depot 00:00:00 23:59:00
1 Sales Point 1 10:00:00 15:00:00
2 Sales Point 2 07:00:00 12:00:00
3 Sales Point 3 07:00:00 12:00:00
4 Sales Point 4 16:00:00 21:00:00
5 Sales Point 5 07:00:00 12:00:00
6 Sales Point 6 07:00:00 12:00:00

Table 3 indicates the start and end of the time window for order deliveries based on the visited location, starting from
the company's distribution center to visit the 6 customers daily and return to the starting point. If an order is not
delivered within a customer's time window, the company faces a monetary penalty.

Table 4. Location and Demand by Location

Location Description Latitude (y) Lon(g’:)t ude D(etl;:’les;‘y

0 Depot -12.073 -77.00367 0

1 Sales Point 1 -11.9973 -76.9000584 4.3
2 Sales Point 2 -12.0162 -76.992671 1.4
3 Sales Point 3 -12.0050697 | -77.057198 1.2
4 Sales Point 4 -12.2121174 | -76.968172 4.5
5 Sales Point 5 -12.1741776 | -77.0193483 1.4
6 Sales Point 6 -12.1485966 | -77.0092647 1

Table 4 shows the location and the quantity of orders in tons to be delivered daily. The visited customers are

represented by locations 1-6.

With the data collected regarding the CVRPTW, the initial routing sequence followed by the company was obtained:
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Figure 3. Representation of the Initial Routing Sequence of the Company

5. Results and Discussion

5.1 Numerical Results and Proposed Improvements

Through the Standardized Work tool, two key areas for improvement were identified in the order preparation
processes: the operator's transfer to the selection area and the operator's transfer to the dispatch area. These activities
generated unnecessary movements by operators and long waits for subsequent activities. Therefore, it was suggested
to implement a conveyor belt that operates at a rate of 5 seconds per crate, which is a suitable speed for balancing the
production line. To minimize disruptions during installation, non-operational hours were recommended, along with
operator training to ensure a smooth transition.

Additionally, using the Production Capacity Sheet, it was identified that the packaging and weighing activity was the
bottleneck of the process. To increase capacity, it was necessary to add 2 packaging machines and two electronic
scales in this area, as well as incorporate two operators into the activity.

The improvement in the packaging and weighing area not only directly impacts its operational capacity but also
generates a significant effect on the cycle time of the entire process. This effect is validated by the simulation results
(Table 5). As it is a bottleneck, any increase in the capacity of this stage reduces product build-ups and waiting times
in the previous areas. This results in a smoother workflow, preventing interruptions that could slow down the overall
performance of the system.

Furthermore, by optimizing the performance of the packaging and weighing area, the efficiency in the use of
downstream resources, such as unloading and dispatch stations, is increased by receiving products in a more regular
and consistent sequence. This cascading effect potentially reduces idle times and improves synchronization between
stages, contributing to a shorter total cycle time and more efficient resource utilization.

Finally, according to the proposed methodology, standardized work sheets were developed that clearly define each
step of the process, standard times, and specific procedures, taking into account the previously proposed actions.

With these purposed changes, the results presented in Table 5 were obtained.
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Table 5. Results obtained from the Standardized Work tool

Indicator of Improvement
the diagnostic Explanation of the indicator As is Obtained prov
/Savings
phase
Service Level Number of boxes processed 0 o 0 0
%) Number of boxes demanded x 100% 71.50% 96.15% 24.65%
Cycle Time of | Average total tlme qf a box in the system 3891 28.93 26%
the Process (in minutes)
Cycle Tlrpe of Average tgtal time gf a box in the 6.87 407 41%
Unloading unloading area (in minutes)
Cycle Tlme of Average ‘Fotal time .of a.box in the R.67 771 1%
Selection selection area (in minutes)
Cycle Time of . . .
Packaging and Average tme qfa box m the.p ackaging 13.86 13.05 6%
oS and weighing area (in minutes)
Weighing
Cycl; Time of | Average time of a qu in the dispatch area 42 24 43%
Dispatch (in minutes)

Next, Table 6 presents the results from the vehicle routing tool. First, the improvement in the compliance rate of
customer time windows (On-time order level) is shown. Second, there is a significant reduction in the number of late
deliveries. Third, the savings from penalties paid for late deliveries are presented. Finally, there is a reduction in the
total distance traveled by the 15-ton truck.

Table 6. Results obtained from the CVRPTW tool

Indicator of

the diagnostic Explanation of the indicator As is Obtained Improsiement
/Savings
phase
On-time order | Number of Orders Delivered on Time 0 0 o o
level Total Number of Orders x 100% 4% 95.34% 21.34%
Number of

orders delivered Number of Orderg Dehv.ered Outside 106 19 87
late Customer Time Windows

Total Penalty Expense Calculated for Each

Penalty expense Order Delivered Late $5768 $1034 $4534
Total daily
distance Total Daily Distance Traveled, Approximate 148.45km | 139.39 km 9.06 km
traveled

As a result of the implemented improvements, the OTIF index experienced a significant increase, rising from 70% to
91.65%. This improvement was achieved by combining a service level of 96.15% obtained from the Standarized Work
tool and an on-time delivery rate of 95.34% calculated using the CVRPTW tool. These results demonstrate the
effectiveness of the proposed solutions in enhancing both delivery reliability and order fulfillment.

5.2 Graphical Results

Figure 4 is a sketch of the optimized route proposed by the tool to solve the CVRPTW, including all locations, the
quantity of the order to be delivered in tons, and the routing sequence. It is important to note that the number assigned
to each client remains the same as in the initial situation to denote a new visiting order. The first location is Makro
Surco (Sales Point 6).
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Figure 4. Representation of the final routing sequence situation of the company.

San JBande . £

Figure 5. Visualization of the route proposed by the VRP Solver Sheet
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In Figure 5, the actual optimized route proposed by the tool can be visualized on the map of the Lima province in
Peru. Thanks to the Microsoft Bing engine, this type of visualization is made possible after running the Solver, based
on the routing information and constraints entered in the case.

5.4 Validation

To demonstrate the effectiveness of the improvement proposals through the Standardized Work tool, simulation
models were designed for both the current and improved processes in order to identify areas for improvement through
the comparison of both scenarios.

The simulation was carried out over a 1-day period, with each day consisting of 8 hours of simulation. This means
that the simulation state will be finite, as the model stops after a predetermined period of time (Kelton, 2014).

The simulation model was applied with a 95% confidence level. The performance measures of the model focused on
critical aspects of the process, such as cycle time, average wait time for a box of fruit in the queue, the number of
boxes processed in a given period, and resource utilization, including labor and equipment.

To determine the optimal number of replications in the simulation procedure, a sample of 50 replications was selected.
After calculating a minimum of 50 replications for both scenarios (current and proposed), the following results were
obtained, as shown in Table 7. Analyzing the results, it can be concluded that for each of the indicators, the proposed
model showed better results compared to the current model. It is important to note that these results were obtained
with statistical validity at a 95% confidence level.

Table 7. Summary of Statistical Results for Scenario Comparison

Indicator for the Formula Current Scenario

Diagnostic Phase

Improvement Scenario

Service Level (%)

(Qty of boxes Processed/ Qty
of boxes Demanded)

[70.4% - 72.1%)]

[95.1% - 97.2%)]

Cycle Time of the Process

Average Total Time of a box
in the System (in hours)

[0.644 — 0.653]

[0.610 —0.617]

Cycle Time of Unloading

Average Total Time in the
Unloading Zone (in hours)

[0.112-0.117]

[0.0675 — 0.0680]

Cycle Time of Selection

Average Total Time in the
Selection Zone (in hours)

[0.144 — 0.145]

[0.128 — 0.129]

Cycle Time of Packaging Average Total Time in the [0.23 —0.232] [0.217 -0.218]
and Weighing Packaging and Weighing
Zone (in hours)
Cycle Time of Dispatch Average Total Time in the [0.637 —0.645] [0.0124 — 0.0158]

Dispatch Zone (in hours)

From an economic-financial perspective, the implementation of the proposed tools is profitable, supported by positive
financial indicators. To assess the feasibility of the interventions, costs for the acquisition and installation of machinery
and equipment (conveyor belts, commercial scales, and packaging machines) were considered, along with labor costs.

The analysis included a financial cash flow over a 3-year horizon, calculating the Net Present Value (NPV) and the
Internal Rate of Return (IRR). The results show an NPV of 89,238 soles (Peruvian local currency), positive and above
zero, and an IRR of 92.36%, exceeding the opportunity cost rate, confirming the profitability of the proposal.

The benefits obtained include a 60% reduction in penalty-related losses, thanks to route optimization tools that reduced
the number of delayed orders. Additionally, the increase in the service level, achieved through standardized work
tools, resulted in an estimated 37% increase in marginal revenue from sales compared to the initial scenario. These
results demonstrate that the proposed solution is not only financially viable but also highly beneficial for the company.

6. Conclusion

This study proposes a model to increase the OTIF index in the outbound logistics of a fruit distribution SME through
the implementation of tools such as standardized work and CVRPTW technology. The research has demonstrated that
standardizing activities and optimizing routes are effective strategies for improving operational efficiency and
reducing cycle times. The implementation of standardized work sheets and staff training helped reduce process
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variability, achieving greater consistency and quality in daily operations. Furthermore, the use of simulation software
to validate the proposed improvements, combined with route optimization through CVRPTW, enabled more efficient
planning and increased compliance with delivery time windows. In summary, the integration of standardized work
and CVRPTW technology has proven to be an effective solution for improving the OTIF index in a fruit distribution
SME, contributing to the sustainability and competitiveness of the company in the market. The results of this research
could serve as a foundation for future implementations and studies in the field of logistics and perishable food supply
chain management in Peru.
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