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Production efficiency remains a critical challenge 
where high product variability and equipment-
intensive processes often lead to substantial 
downtime and inefficiencies. While VSM and OEE are 
widely used for performance improvement, they are 
commonly applied separately, limiting comprehensive 
evaluation of process waste and equipment losses. 
This study proposes an integrated VSM OEE 
framework to improve process efficiency in a cosmetic 
packaging production line, to identify value-added and 
non-value-added activities, and quantified equipment 
losses through availability, performance, and quality 
indicators. Improvement strategies were developed 
using the ECRS method and evaluated through a 
Future State VSM. Implementation of the proposed 
improvements reduces downtime by 85.5%, leading to 
PCE improvements to 76.88%, respectively. The 
findings demonstrate that integrating VSM and OEE 
provides a more comprehensive and analytically 
robust approach to diagnosing and improving 
production efficiency, contributing to the 
advancement of lean manufacturing practices. 
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INTRODUCTION  
 

Manufacturing companies operate in an 
environment where efficiency determines 
their ability to remain profitable and 
competitive. When production processes fail 
to run efficiently, costs increase, delivery 
reliability declines, and the company risks 
losing its competitive position [1]. 
Understanding how a product moves through 
the entire production flow is therefore 
essential for identifying points where 
improvements can enhance overall 
efficiency. The firm will need to implement an 
efficient and responsive supply chain strategy 
[2]. In general, efficiency refers to the ability 
to use resources in a precise and responsible 
manner so that time, labor, and equipment 
are not wasted and output remains optimal 
[3].  
 
Value Stream Mapping (VSM) is a lean 
manufacturing technique for analyzing, 
designing, and managing the flow of 
materials and information required to deliver 
a product to a customer by identifying value-
added activities and non-value-added 
activities along the flow [4]. This method 
helps reveal waste such as excessive waiting 
time, unnecessary movement, and process 
delays. Previous studies have shown that 
VSM is an effective tool for measuring 
efficiency, identifying waste, and designing 
process improvements [5]. One of the most 
common forms of waste in manufacturing is 
downtime, which refers to periods when 
machines are unable to operate due to 
maintenance, technical issues, or repairs [6]. 
However, although VSM effectively reveals 
where inefficiencies occur, it provides limited 
insight into the equipment-related factors 
that contribute to such inefficiencies. 
 
Overall Equipment Effectiveness (OEE) is 
widely used as a metric to evaluate how well 
manufacturing equipment performs [7]. It  
 

provides insight into three essential aspects 
of machine productivity, namely availability, 
performance, and quality. These three 
indicators help direct improvement efforts 
toward the most critical points in identifying 
improvement opportunities for injection 
molding machines [8]. Increasing the OEE 
score enables manufacturers to convert 
downtime and slow operating speeds into 
productive value-added time [9].  
Nevertheless, OEE primarily focuses on 
machine performance and does not provide a 
comprehensive view of material flow, 
process interactions, and non-equipment-
related waste within the production system. 
 
Although both VSM and OEE have been 
extensively applied in manufacturing 
improvement initiatives, many studies 
employ these approaches independently, 
resulting in fragmented assessments of 
operational performance. Hence, the next 
step in this study is to determine the root 
causes of inefficiency. A fishbone diagram is 
used to group potential causes into the five 
main categories of manpower, machinery, 
method, material, and measurement [10]. 
The why-why analysis is also applied to 
ensure that each proposed improvement can 
be clearly linked to its underlying cause [11]. 
Once the root causes are identified, 
improvements are designed using the ECRS 
method, which consists of eliminating 
activities that do not add value, combining 
steps with similar functions, rearranging the 
sequence of activities, and simplifying 
processes to create a more efficient 
production flow [12]. 
 
PT TA is a cosmetic packaging manufacturer 
that operates in both national and 
international markets. The company 
currently supplies products to 38 customers, 
each with different models and 
specifications, with a total product variety of 
more than 100 products. This product variety 
adds complexity to the production process 

http://doi.org/10.30998/jmil.v10i2.1800


Jurnal Manajemen Industri dan Logistik Vol. 10 No. 2 November, 2026, 271-287 

 

 

Himawan and Sopater   http://doi.org/10.30998/jmil.v10i2.1800 273 
 

 

and increases the likelihood of inefficiency. 
Recent data from the PT TA production 
report shows that downtime in the injection 
department reached 158 hours in January 
2025 and 157 hours in February 2025. This 
condition indicates that the performance of 
production machines needs to be evaluated. 
 
Therefore, this study proposes an integrated 
improvement framework that combines VSM 
and OEE to evaluate process efficiency in the 
CM-216 cosmetic packaging production line. 
Unlike studies that focus solely on either 
process flow or equipment performance, the 
proposed framework links waste 
identification through VSM, equipment-loss 
analysis through OEE, root-cause diagnosis 
using Fishbone Diagram and Why–Why 
Analysis, and improvement prioritization 
through ECRS within a single decision-making 
process.  
 
The key contributions of this study are as 
follows: 
1. To develop an integrated VSM–OEE 

framework for simultaneously identifying 
process waste and equipment-related 
losses in cosmetic packaging 
manufacturing. 

2. To establish a systematic improvement 
pathway by linking VSM findings, OEE 
analysis, Fishbone Diagram, Why–Why 
Analysis, and ECRS-based improvement 
design. 

3. To evaluate the effectiveness of the 
proposed improvements through Future 
State Mapping, Process Cycle Efficiency 
(PCE), and projected OEE performance. 

 
RESEARCH METHOD  
 
The research methodology consists of eight 
sequential stages, as illustrated in Figure 1.  
 
Stage 1: Data Collection and Process 
Observations 
Manufacturing systems encompass a series 
of integrated processes, from design to 
production execution, involving a 
combination of machines, people, material 
flow, and information [13]. Each type of 
process has its own unique characteristics, 
requiring a tailored management approach to 
achieve optimal efficiency and effectiveness. 
Therefore, the research methodology begins 
with identifying the problem by collecting 
data and observing the process that guides 
the overall investigation.  
 

 
Figure 1. Research Workflow
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In addition to direct process observations, 
production records, Realized Equipment 
Effectiveness (REE) reports, production 
lifetime data, and downtime records were 
collected to provide a comprehensive 
assessment of production performance. In 
this study, downtime refers to any period 
during which a machine or production line is 
unable to produce output, including both 
scheduled downtimes, such as preventive 
maintenance and planned component 
replacement, and unscheduled downtime 
resulting from machine failures, system 
disruptions, or material shortages, which 
have a greater impact on production losses 
[14]. To ensure a valid comparison between 
the current and future production states, the 
analysis assumes that product specifications, 
production volume, machine configuration, 
workforce allocation, and operating 
conditions remained relatively consistent 
throughout the observation period. 

Stage 2: Preliminary Process Analysis 
The collected production data were analysed 
to determine the number of activities in each 
department, the production lifetime of each 
process, and the frequency and duration of 
downtime activities. This preliminary analysis 
was used to identify departments with the 
highest operational complexity and  
 

 
downtime contribution prior to conducting 
detailed efficiency assessments. Figure 2 
illustrates production data in a Pareto 
diagram. The CM-216 model was chosen as 
the focus of the analysis because it has the 
highest production value and the largest 
revenue contribution, namely 18.61% during 
January-March 2025. By focusing on this 
model, process waste and equipment 
effectiveness can be identified in depth to 
support efficiency improvements.  

Stage 3: Activity Classification and Current 
State VSM 
VSM is a visual tool used to map and analyze 
the flow of materials and information in the 
production process [15]. By depicting each 
step of the process, the VSM helps identify 
how value is added and where waste occurs. 
Activity categorization is then conducted 
using the OTISD (Operations, Transportation, 
Inspection, Storage and Delay) framework 
along with value-added (VA), non-value-
added (NVA), and necessary non-value-
added (NNVA) classification [16]. This step 
separates activities that create value from 
those that generate waste. The identified 
NVA activities are summarized and analyzed 
through a Pareto approach to highlight the 
most dominant sources of inefficiency.  
 

 

 

  
 

Figure 2. Pareto Diagram of Production Results 
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Stage 4: Process Efficiency Analysis 
In this stage, VA and NVA activities are used 
to construct the current state map and to 
calculate the process cycle efficiency (PCE) 
for the CM 216 variants. PCE were calculated 
to quantify current process performance. The 
results indicate the proportion of total 
production time that directly contributes to 
customer value. 
 
PCE was calculated as: 

𝑃𝐶𝐸 =
𝑉𝐴 𝑇𝑖𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒
× 100% 

          (1) 

Stage 5: Downtime Prioritization Analysis 
Downtime prioritization was conducted to 
identify the most critical departments and 
downtime categories requiring 
improvement. Hence, this stage analysed the 
downtime frequency, average downtime 
duration, and total downtime contribution by 
department.  

Stage 6: Overall Equipment Effectiveness 
(OEE) Analysis 
OEE is a key indicator for assessing machine 
efficiency in production by comparing actual 
performance against its maximum potential 
[17]. Hence, in this stage, the OEE analysis 
was used to determine the equipment-
related factors contributing to downtime 
identified in the VSM. OEE consists of three 
main components, one of which is 
availability, which measures effective 
operational time compared to planned 
production time and is affected by 
unexpected downtime such as machine 
failures. Availability (Av) can be calculated 
using the following formula: 
 

𝐴𝑣 (%) =
(𝑅𝑢𝑛 𝑇𝑖𝑚𝑒)

(𝑃𝑇𝐼)
∗ 100%             

                                                                            (2) 
By definition, run time is the actual running 
time of equipment, while Planned Production 
Time (PTI) is the expected production time 

for the equipment. Furthermore, 
performance measures the actual production 
speed compared to the ideal or design speed, 
which can be calculated using the following 
formula: 
 

𝐼𝑑𝑒𝑎𝑙 𝑂𝑢𝑡𝑝𝑢𝑡 = 𝑃𝑇𝐼 ∗ 𝐼𝑑𝑒𝑎𝑙 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 
                                                                            (3) 

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 (%) =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑂𝑢𝑡𝑝𝑢𝑡

𝐼𝑑𝑒𝑎𝑙 𝑂𝑢𝑡𝑝𝑢𝑡
∗ 100%   

(4) 
Ideal Output is obtained by multiplying the 
Planned Production Time by the Ideal Cycle 
Time (CT), where Ideal Cycle Time is the ideal 
time to produce one product. Performance 
(%) is the result of dividing the actual output 
by the ideal output in the same time period, 
multiplied by 100%. Finally, there is quality, 
which indicates the percentage of products 
that meet quality standards without 
requiring further repair or being considered 
defective. Hence, a good product has 
successfully passed quality control and is 
deemed fit for further production, calculated 
by subtracting defects from actual output 
[18]. Quality is calculated by dividing the 
number of good products by the actual 
output, multiplied by 100% [19]. Quality (%) 
can be calculated using the following 
formula: 
 
𝐺𝑜𝑜𝑑 𝑂𝑢𝑡𝑝𝑢𝑡 = 𝐴𝑐𝑡𝑢𝑎𝑙 𝑂𝑢𝑡𝑝𝑢𝑡 − 𝐷𝑒𝑓𝑒𝑐𝑡 𝑃𝑟𝑜𝑑𝑢𝑐𝑡                              
                                                                                  (5) 
 

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 (%) =
𝐺𝑜𝑜𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡

𝐴𝑐𝑡𝑢𝑎𝑙 𝑂𝑢𝑡𝑝𝑢𝑡
∗ 100% 

                                                               (6) 
To obtain the OEE value, multiply these three 
main components by the following formula: 
 
𝑂𝐸𝐸 (%) =  𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦(%) ∗
𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒(%) ∗ 𝑄𝑢𝑎𝑙𝑖𝑡𝑦(%) ∗ 100 
                                       (7) 
Seiichi Nakajima led the introduction of TPM, 
OEE, and the Six Big Losses, whereby an OEE  
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value of 85% is considered a world-class 
standard[20].  

Stage 7: Root Cause Analysis and 
Improvement Design 
In this stage, the dominant inefficiencies from 
VSM and OEE were further investigated using 
a five M fishbone diagram and why-why 
analysis, ensuring that the underlying issues 
are addressed rather than only their 
symptoms. The improvement proposals are 
then evaluated using the ECRS method to 
determine which actions can eliminate, 
combine, rearrange, or simplify activities in 
the production flow.  

Stage 8: Future State Mapping and 
Performance Evaluation 
The proposed improvements are 
incorporated into the development of the 
future state map, whereby the NVA activities 
and lead times were recalculated and 
projected OEE performance was evaluated. 
The resulting Future State Map provides a 
representation of the expected process 
performance after implementation of the 
proposed improvements. VSM is first 
employed to identify process-level waste and 
efficiency losses across the entire value 
stream. Subsequently, OEE is used to analyze  
 
 

 
equipment-related losses contributing to the 
identified delays and downtime. The 
combined findings are then utilized as the 
basis for root-cause analysis and 
improvement prioritization. 

 

RESULT AND DISCUSSION 

Preliminary Process Analysis 
Direct observations and interviews with 
production personnel were conducted to 
understand the production flow and collect 
operational data for the CM-216 product 
family as shown in Figure 3. The process 
begins with the sales department receiving a 
customer order, followed by the supply chain 
department creating a parent production 
order for injection, decoration, and assembly. 
The injection department creates a child 
production order for the material warehouse 
for resin checking and delivery. After 
receiving the resin, the operator installs the 
mold, fills the resin, and sets up the machine 
to begin the injection process. In the 
decoration department, the child production 
order is directed to the supporting 
warehouse to check the availability of foil and 
ink. The finished product is sent to the 
packing department before entering the 
finished goods warehouse.

 

 
Figure 3. Production process and activity details 
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Table 1 summarizes the time from each 
production department as well as the 
number of activities in each department, 
according to the variants. The preliminary 
analysis revealed considerable variation in 
the number of activities and production 
lifetime across departments. Departments 
with a larger number of activities generally 
exhibited longer production lifetimes and a 

greater potential for process interruptions 
due to increased handoffs, material 
movements, inspections, and coordination 
requirements. This finding suggests that 
process complexity contributes significantly 
to operational inefficiencies and should be 
considered alongside equipment-related 
performance losses.

Table 1. Amount of Activity and Production Lead Time Recapitulation for Model CM-216  
(NoA = Number of Activity; PL = Production Lifetime) 

Dept. Silver   Red  

NoA PL (day) NoA PL (day) 

Warehouse Material 5 0.01 6 0.01 
Warehouse Supporting 9 0.04 9 0.04 
Injection 18 1.55 18 1.83 
Decoration 21 2.45 10 1.31 
Assembly 7 1.05 8 1.09 
Packing 7 0.02 7 0.02 
WH Finished Goods 3 0.01 3 0.02 
Total 76 5.17 67 4.32 

In parallel, downtime records extracted from 
the REE documents were analyzed to identify 
the frequency and duration of downtime 
activities. Figure 4 is an example of a 
screenshot of the REE document for 
department injection. Production lifetime 
analysis further indicated that injection and 
decoration processes accounted for the 
largest proportion of total production time.  

This observation was consistent with 
production reports shown in Table 2 and was 
confirmed by operator interviews, which 
identified these departments as the primary 
contributors to production delays. Therefore, 
these departments became the focus of 
subsequent VSM and OEE analyses. 
 
 
 

 
Figure 4. Screenshot of the REE Document for Injection 
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Table 2. Downtime Activity 

No Downtime Activity Dept 
Average Time (Hours) 

Silver  Red  

1 Operator unavailable Injection 0.93 0.93 
2 Sticky mold Injection 1.18 1.18 
3 Mold problem Injection 0.36 0.36 
4 Material changeover Injection 0.65 0.19 
5 Robot malfunction Injection 0.19 2.85 
6 Workpiece has not arrived yet Decoration  0.19 2.06 
7 Machine damaged by worn-out products Decoration 0.29 5.72 

Current State Value Stream Mapping 
Analysis 
To evaluate process efficiency, all observed 
activities were classified according to the 
OTISD framework and subsequently 
categorized into Value Added (VA), Non-
Value Added (NVA), and Necessary Non-
Value Added (NNVA) activities. The results 
summarized in Table 3 indicate that 
operation activities account for the largest 
proportion of total processing time for both 
CM-216 variants. However, a substantial 
amount of time was also allocated to delay-
related activities, indicating the existence of 
significant inefficiencies throughout the 
production flow.  

For the CM-216 Silver variant, total operation 
time reached 302,961.22 seconds, while NVA 
activities accounted for 33,400.44 seconds. 
Similarly, the CM-216 Red variant recorded 
281,019.38 seconds of operation time and 
56,092.12 seconds of NVA activities. 
Although operation activities dominate the 
overall process time, the proportion of NVA 
activities remains sufficiently large to 
negatively affect production efficiency. These 
findings suggest that a considerable portion 
of the production lead time is consumed by 
waiting, transportation, and other activities 
that do not contribute directly to customer 
value. 
 

Table 3. Time Recapitulation for OTISD dan VA/NVA/NNVA CM-216 (in seconds) 
Department Remarks 

Operation Transportation Inspection Storage Delay NNVA NVA VA 
Warehouse 
Material 

- 539.04 - 16.83 600 555.88 600 - 

Warehouse 
Supporting 

2,829.33 - 48.57 - 600 48.57 600 2,829.33 

Injection 70,877.20 - 0.18 - 23,012.14 41.26 23,012.14 70,836.12 
Decoration 52,926.48 32,622.48 912.33 - 26,810.07 61,597.53 26,810.07 24,863.76 
Assembly 153,519.48 - 1,570.80 - 2,638.18 4,225.08 2,638.18 150,865.20 
Packing 755.91 - 509.92 158.89 540 668.82 540.00 755.91 
Total 281,019.38 33,161.52 3,041.80 175.73 56,092.12 67,137.13 56,092.12 250,261.30 

Overall Process Cycle Efficiency: 67% 

 
Figure 5 visualizes the current state mapping 
of the CM-216 process flow. The CM-216 
achieved a PCE of 67%, indicating that only 
approximately sixty percent of the total 
process time contributes directly to value 
creation. The remaining time consists of NVA 
and NNVA activities that represent 
opportunities for process improvement. The 
decoration department contributed the 

largest downtime accumulation, reaching 
38.31 hours, while material warehouse 
activities contributed the least. These 
findings indicate that the major opportunity 
for efficiency improvement lies within the 
decoration process rather than material 
handling activities. 
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Figure 5. Current State Mapping CM-216 

Downtime Prioritization Analysis 
Following the VSM analysis, downtime 
activities were aggregated and analysed 
using Pareto analysis to identify the most 
critical contributors to process inefficiency, 
as shown in Figure 6. The objective of this 
stage was to establish a direct connection 
between process-level inefficiencies 
identified through VSM and equipment-
related losses evaluated through OEE. The 
analysis revealed that the CM-216 Silver 
variant experienced a total downtime of 
29,831.58 seconds (497.19 minutes). 
Approximately 80.14% of total downtime 
originated from only nine categories of 
downtime activities. This result confirms the 
Pareto principle, whereby a relatively small 
number of causes generate the majority of 
production losses. Among the identified 
causes, take-out robot malfunction, mold 
related defects, machine contamination, 
and operator unavailability were found to be 
the dominant contributors.  

The concentration of downtime within a 
limited number of categories suggests that 
improvement initiatives should prioritize 
these issues to maximize efficiency gains. 
Rather than distributing resources across 
numerous minor issues, focusing on the few 

dominant causes offers greater potential for 
reducing production losses and improving 
overall process performance. This analysis 
also strengthens the relationship between 
VSM and OEE within the proposed 
framework. From the VSM perspective, 
downtime contributes directly to delay 
activities and increases NVA time. From the 
OEE perspective, the same downtime events 
reduce equipment availability and OEE. 
Therefore, downtime serves as a common 
performance indicator linking process 
efficiency and machine effectiveness.  

Overall Equipment Effectiveness Analysis 
The results of the OEE calculation, based on 
the process and product parts, are recorded 
in Table 4. The results indicate that the 
injection process consistently achieved the 
lowest OEE values among the evaluated 
departments for both CM-216 variants. This 
finding is consistent with the VSM results, 
which identified injection-related activities 
as major contributors to production delays 
and NVA time. The alignment between the 
two methods provides evidence that 
equipment-related losses significantly 
influence overall process efficiency.  
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Figure 6. Pareto Diagram Downtime per activity   

 
A detailed examination of the OEE 
components reveals that availability and 
performance losses are the primary 
contributors to the reduced OEE values. 
Frequent downtime events reduce machine 
operating time and consequently lower 
availability performance. Furthermore, 
several operational disruptions increase 
cycle times and reduce actual production 
speed, thereby affecting the performance 
component of OEE.  In contrast, quality 
performance remained relatively stable 
throughout the observation period.  
Although quality losses were comparatively 

smaller than availability and performance 
losses, quality remains an essential 
component of OEE and contributes to the 
overall effectiveness calculation. Therefore, 
quality was not excluded from the analysis 
but was interpreted as a relatively strong 
performance dimension compared to the 
other OEE components. These findings 
suggest that productivity improvement 
efforts should primarily focus on reducing 
downtime and improving machine operating 
stability, as these factors have the greatest 
impact on both process efficiency and 
equipment effectiveness.

Table 4. Time Recapitulation for OTISD dan VA/NVA/NNVA CM-216 (in seconds) 
Process Injection Printing Stamping 

Part Cover Platform Base Cover Platform Base Cover Platform Base 
Availability 86.57% 89.32% 85.32% - 99.52% - 99.70% 98.25% - 
Performance 66.59% 89.09% 81.54% - 170.13% - 125.36% 121.45% - 
Quality 92.77% 97.61% 94.79% - 99.20% - 98.72% 98.84% - 
OEE 53.48% 77.68% 65.95% - 167.96% - 123.40% 117.94% - 

 
Root Cause Analysis 
After identifying the dominant sources of 
downtime, Fishbone Diagram and Why–Why 
Analysis were employed to investigate the 
underlying causes. The analysis was 
structured according to the five 
manufacturing dimensions of manpower, 
machinery, material, method, and 
measurement. The results in Figure 7  
indicate that machinery and material-

related issues are the dominant contributors 
to downtime. Several recurring causes were 
identified, including take-out robot failures, 
mold contamination, mold pin damage, 
machine contamination by defective 
products, and delayed workpiece arrivals. 
These issues frequently interrupted 
production flow and generated prolonged 
waiting periods that contributed directly to 
NVA activities. 
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Figure 7.  5M Fishbone Diagram CM216  

As illustrated in Figure 8, the machinery and 
material issues contribute to production 
downtime. For machinery factors, PET VTs 
and their sensor detection process can fail to 
identify defects, as shown in Figure 8a and 
8b. Sticky mold occurs when residual resin 
remains in the cavity, while broken mold pins 
result from misaligned step pin guides. Mold 
flashing also causes interruptions by 
producing excess material along the parting 
line, as shown in Figure 8c. For material 
factors, the main issue is improper regrind 
size. Regrind that is too fine or too large, as 
shown in Figure 8d, can lead to screw 

starvation because the screw’s first thread is 
not fully filled before entering the 
compression zone. These findings 
demonstrate that downtime is not solely an 
equipment problem but rather the result of 
interactions among machine conditions, 
operational procedures, material 
management, and production coordination. 
Consequently, effective improvement 
initiatives must address both technical and 
organizational factors simultaneously. 

 

 
(a) (b) 

 
(c) 

 
(d) 

Figure 8. (a) Vacuum Tray made of PET (b) Infrared Sensor that detects Vacuum Tray (c Flashing 
on a Product (d) Large Regrind Yield 

 
Next, Table 5 is an example of the Why–Why 
Analysis that revealed many of these 

problems originated from insufficient 
standardization, inadequate preventive  
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maintenance practices, weak 
synchronization between departments, and 
inconsistent material handling procedures.  
 

 
For example, delayed workpiece arrivals 
were associated with scheduling and 
coordination issues between upstream and 
downstream processes. 

 
Table 5. Why – Why Analysis 

Aspect Why Answer 

Rearrangement 
of changeover 
(SMED) 

Why does downtime occur when 
changing materials? 

Because the changeover process takes a long time. 

Why does it take so long? Because there are many internal activities to be done 
while the engine is stopped. 

Why can't it be done while the 
engine is running? 

Because internal & external activities aren’t separated. 

Why hasn't it been separated yet? Due to the lack of SMED training and standard 
changeover procedures. 

Why hasn't the training been done 
yet? 

Because it has not been made a priority in increasing 
setup efficiency. 

Improvement Prioritization and Future State 
Analysis 
Prioritizing the implementation of proposed 
solutions is necessary to determine which 
causes of downtime are prioritized for 
resolution. The impact variable is assessed 
based on the downtime that can be 
eliminated, while the effort variable is 
divided into four levels: very easy with a score 
of (1), meaning it can be done without 
additional costs and the addition of new 

SOPs. Easy with a score of (2), meaning it 
requires light coordination or short training. 
Difficult with a score of (3), meaning it 
involves several parties and costs 1-10 million 
rupiah, and very difficult with a score of (4), 
meaning it requires an investment of more 
than 10 million rupiah and major changes to 
procedures.  Table 6 details the root cause of 
downtime and suggested solutions for each 
cause. 

 
 

Table 6. Proposed Solution to Decrease Production Downtime for both CM-216 Models 
No. Root Cause ECRS 

Component 
Proposed Solution Impact Effort Before After 

1 Operator 
Unavailable 

Eliminate Running machines in pairs High Low 1,1 H 0,5 H 

2 Mold problem Eliminate Perform preventive 
maintenance for molds 
every 20,000 shots 

High Low 1,5 H 0,3 H 

3 Material doesn’t 
come out 

Eliminate Routine knife and filter 
crusher checking 

Medium Low 0,7 H 0,4 H 

4 Machine 
breakdown 

Eliminate Tighten quality control 
before the stamping process 

Low Medium 1,2 H 0,6 H 
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Figure 9. Impact-Effort Matrix for CM-216  
 
As illustrated in Figure 9, proposed solutions 
one, two, and three fall into the Quick Wins 
quadrant because they require low effort 
while generating high impact. The downtime 
reduction achievable through these 
proposals exceeds the average downtime of 
0.74 hours for the CM-216 Silver product. 
Proposals four through seven falls into the 
Fill-Ins quadrant because they require 
relatively low effort and no significant 
additional time or cost, but their potential 
impact is comparatively limited, with 
downtime reductions below 0.74 hours. In 
contrast, proposals eight and nine are 
categorized as Time Wasters because they 
require high effort while providing relatively 
low impact. Therefore, these proposals are 
not prioritized for immediate 
implementation. 

The prioritization indicates that improvement 
efforts should initially focus on the Quick 
Wins, as these solutions offer the greatest 
potential for downtime reduction with 

relatively limited implementation 
requirements. The Fill-In solutions can 
subsequently be incorporated as supporting 
improvements, whereas the Time-Waster 
solutions require further evaluation before 
resources are allocated.  

Figure 10 presents the Future State Map and 
the comparison of NVA activities before and 
after the proposed improvements. For CM-
216 Silver, NVA time decreased from 9.19 
hours to 2.97 hours, while CM-216 Red 
decreased from 15.58 hours to 2.26 hours. 
Consequently, PCE increased to 76.89% for 
CM-216 Silver and 64.76% for CM-216 Red, 
corresponding to reductions in NVA time of 
6.22 hours and 13.32 hours, respectively. 
These results indicate that prioritizing the 
proposed improvement actions can 
substantially reduce non-value-added 
activities and improve the proportion of 
production time that contributes to value 
creation.
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Figure 10. Future State Mapping with Downtime Comparison 

CONCLUSION 
 
Research on the production process of CM-
216 cosmetic packaging at PT. TA using the 
VSM and OEE approaches successfully 
identified NVA activities and the root 
causes of production inefficiencies. VSM 
was used to map the process flow and 
categorize activities based on their added 
value, which was below the global 
standard of 85%, reinforcing the VSM 
finding that the greatest downtime 
occurred in the injection department. Data 
integration from VSM and OEE was used 
for root cause analysis using the 5M 
fishbone diagram, and solutions were 
developed using the ECRS approach. Three 
proposed improvements were categorized 
as quick wins because they offered high 
impact with relatively low implementation 
effort. Several additional proposals were 
classified as fill-in opportunities due to 
their low implementation difficulty but 
limited impact on downtime reduction. In 
contrast, certain proposals required 
substantial investment while offering only 
marginal benefits and were therefore 
assigned lower implementation priority. 
The improvement results indicate that the 

combined approach of VSM and OEE is 
effective in developing an efficiency 
improvement strategy, while also 
providing a strong foundation for 
continuous improvement in PT. TA's 
manufacturing system. 
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