Journal of Engineering Science and Technology Management- VVoL. 6 No. 3 (2026) 2828 -7886

JESSTY
Terbit online pada laman web jurnal : https://jes-tm.org/index.php/jestm/index

Journal of Engineering Science and Technology Q_&

Management —

Havrmal of Roginoorbng Scobeme

& TWreehnology Managomont

| 1SSN (Online) 2828 -7886 |

Article

Performance Analysis of OTR Machine In The Black Tea Leaf
Rolling Process At PTPN IV Bah Butong Unit

Indra Prastal”, and Andriono Manalu?
12 Universitas HKBP Nommensen Pematangsiantar, Pematangsiantar 21136, North Sumatra,
Indonesia

DOI: 10.31004/jestm.v6i3.488

E-mail: indraprastaa35@amail.com (Corresponding author)

ARTICLE INFORMATION ABSTRACT

This study aims to analyze the performance of the Open Top Roller (OTR)
Volume 6 Issue 3 machine in the black tea leaf rolling process at PTPN IV Bah Butong Unit.
Received: 15 September 2026 The OTR machine is essential in black tea processing, functioning to grind
Accepted: 24 September 2026 and roll tea leaves after the withering process to shape and release cell sap.
Publish Online: 30 September 2026 The recorded variables were material input, scheduled batch duration,
Online: at https:JESTM.org downtime, operating time, and good output. The batches processed 3,020

kg of withered leaves; recorded duration ranged from 40 to 50 min per
batch, with a mean of 44.4 min, while total downtime was 5 min and good
output was 3,010 kg. Availability, Performance, and Quality were 98.87%,

Keywords 91.12%, and 99.67%, respectively, producing an OEE of 89.79%.
Open top roller Performance was the lowest component because most batches exceeded
black tea processing the selected ideal cycle time of 40 min, although all remained within the

rolling duration plant’s operational range of 40-50 min. Average loading was 302 kg per
eaui ; batch, equivalent to 80.53% of the 375 kg nominal maximum. These
quipment effectiveness . . . . .

Material Yield results identify cycle-time consistency, rather than downtime or recorded
mass yield, as the immediate improvement priority. The result must
nevertheless be interpreted as a short observational snapshot: the Quality
factor represents mass yield rather than sensory or biochemical tea quality,
and the widely cited 85% OEE benchmark is a comparative convention
rather than a universal acceptance limit. The findings describe only this
ten-batch observation window.
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1. Introduction

Tea processing is an important stage in
producing black tea with desirable physical,
chemical, and sensory characteristics. The
processing of black tea generally consists of
withering, rolling, oxidation or fermentation,
drying, and sorting. Differences in processing
techniques can influence the phytochemical
composition and final quality of tea (Wong etal.,
2022; Aaqil et al., 2023). The rolling process is
one of the important stages in black tea
processing because mechanical action causes

N g »

Figure 1. Open Top Roller (OTR) machine used in the black tea leaf rolling process at PTPN IV
Bah Butong Unit.

Black tea manufacture transforms freshly
harvested shoots through withering, rolling,
enzymatic oxidation, drying, and sorting. Each
operation conditions the next. Withering
changes moisture and leaf flexibility, rolling
ruptures cells and mixes oxidative enzymes with
phenolic substrates, and controlled oxidation
supports the formation of theaflavins and
thearubigins that contribute to liquor colour,
briskness, astringency, and aroma.
Consequently, rolling is not a purely mechanical
size-reduction step. Its pressure, rotational
action, duration, and loading can alter both
production throughput and the biochemical
pathway that determines final tea quality
(Ozdemir et al., 2017; Wong et al., 2022; Aaqil
et al., 2023; Mahdavi et al., 2026).

The Open Top Roller (OTR) applies
rotational movement and pressure to withered
leaves. At PTPN IV Bah Butong Unit, the
machine supports orthodox black tea production
across repeated batches. Unplanned stops reduce
the time available for rolling, while slow cycles
constrain throughput.
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maceration of tea leaves and facilitates the
release of cellular components. The released
components  subsequently  participate  in
oxidation reactions during the following
processing stage. Ozdemir et al. (2017) reported
that rolling contributes to uniform maceration of
tea leaves and supports oxidation reactions
during black tea processing. Similar findings
have been reported in studies examining the
chemical changes occurring during rolling and
other stages of black tea manufacture (Liu et al.,
2020; Wong et al., 2022).

Excessive attempts to shorten the cycle may also
be counterproductive if maceration becomes
non-uniform or if the rolling conditions alter
oxidation precursors. Recent metabolomic and
aroma studies confirm that rolling speed,
method, duration, and re-rolling treatments
influence pigments, organic acids, phenolic
acids, volatile compounds, and other quality-
related metabolites (Chen et al., 2023, 2024; Wu
et al., 2023; Yang et al., 2024). Equipment
evaluation  must  therefore  distinguish
operational speed from product quality rather
than treating higher speed as an unconditional
objective.

Overall Equipment Effectiveness integrates
three loss dimensions: Availability represents
losses from stoppages, Performance represents
losses from operation below the ideal rate, and
Quality represents losses from nonconforming
output (Nakajima, 1988; Muchiri & Pintelon,
2008). OEE is useful because the product of
these factors reveals both the aggregate
effectiveness and the component that constrains
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it. Its validity, however, depends on explicit
definitions of planned time, downtime, ideal
cycle time, total output, and good output.
Comparisons between plants or periods become
misleading when these definitions differ
(Jonsson & Lesshammar, 1999; Dal et al., 2000;
de Ron & Rooda, 2006).

Zulfikri et al. (2019) previously evaluated
an OTR at the same production unit and reported
Availability of 89.74%, Performance of 75.79%,
Quality of 100%, and OEE of 67.99%. That
study also examined Six Big Losses and failure
modes. The present work provides a new field
observation based on 10 current production
batches and focuses on processing duration,
downtime, material input, mass-based good
output, and capacity utilization. Because the
observation periods and operational conditions
are not identical, the earlier value is used as
contextual evidence rather than as a controlled
before-and-after baseline.

This study aimed to quantify the
Availability, Performance, Quality, and OEE of
the OTR machine; determine whether observed
batch durations remained within the plant
standard of 40-50 min; examine utilization
relative to the nominal 375 kg capacity; and
identify the principal operational improvement
priority. The study adds value by interpreting
OEE within the process requirements of
orthodox black tea rather than evaluating the
machine independently of tea transformation.

2. Literature Review.
2.1 Black Tea Processing and Open Top

Roller (OTR) Machine

The Black tea processing involves several
stages that influence the physical, chemical, and
sensory characteristics of the final product. The
main stages generally include withering, rolling,
fermentation or oxidation, drying, and sorting.
The processing method determines the degree of
chemical transformation occurring in tea leaves
and consequently affects the phytochemical
profile of the final tea product (Wong et al., 2022;
Aagqil et al., 2023).

Rolling is an important mechanical
operation in black tea processing. During rolling,
mechanical pressure and movement cause the
tea leaves to become damaged and macerated.
This process facilitates the release of cellular
components and supports subsequent oxidation
reactions. Ozdemir et al. (2017) reported that
rolling provides uniform maceration and
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promotes oxidation reactions catalyzed by
enzymes during black tea processing. The
chemical characteristics of tea leaves also
change during the rolling stage. Liu et al. (2020)
observed changes in cellulase activity and major
quality components during the processing of
black tea, including significant changes
occurring during rolling and fermentation.
Therefore, maintaining appropriate processing
conditions is important to obtain consistent
processing results. The rolling method and
operating conditions may also affect tea quality.
Wau et al. (2023) investigated the influence of
rolling speed on Congou black tea and found that
rolling speed affected several quality-related
compounds, including tea pigments, organic
acids, and phenolic acids. Yang et al. (2024) also
demonstrated that rolling method and rolling
time were associated with changes in aroma
compounds and other chemical components of
black tea. Recent research has further
demonstrated that rolling treatment can
influence the development of aroma quality.
Chen et al. (2023) reported that re-rolling during
fermentation improved the aroma quality of
black tea. Meanwhile, Chen et al. (2024)
summarized the dynamic changes of key aroma
compounds during black tea processing and
showed that volatile compounds change
throughout the processing stages. The OTR
machine is designed to perform mechanical
rolling of withered tea leaves. The machine
operates by applying rotational movement and
mechanical pressure to the tea material.
Mahdavi et al. (2026) investigated the orthodox
tea rolling process and demonstrated that rolling
parameters, including rotational speed and
pressure, can influence the chemical
characteristics of processed tea. The OTR
machine at PTPN IV Unit Bah Butong has a
nominal capacity of 275-375 kg per process,
with a rotational speed of 44 rpm and an OTR
drive power of 20 HP. The machine is driven by
a 30 HP motor with a rotational speed of 1450
rom and a frequency of 50 Hz. These
specifications  indicate  the  operational
characteristics of the machine used in the rolling
process. Previous research at PTPN 1V Unit Bah
Butong reported an OEE value of 67.99%, with
Availability of 89.74%, Performance of 75.79%,
and Quality of 100% (Zulfikri et al., 2019). The
study also identified several machine
components associated with failure risk,
including the rolling cylinder, grinding table,
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crankshaft, electric motor, and V-belt. Therefore,
the performance of an OTR machine should not
only be evaluated from its ability to operate, but
also from processing speed, downtime, material
capacity, and output quality. These parameters
provide an important basis for evaluating the
effectiveness of OTR operation.

2.2 Overall Equipment Effectiveness (OEE)

Overall Equipment Effectiveness (OEE) is
a performance measurement method used to
evaluate the effectiveness of production
equipment. OEE combines three major
components, namely Availability, Performance,
and Quality. The use of these three components
enables machine performance to be evaluated
from operating time, operating speed, and output
quality simultaneously (Ng Corrales et al., 2020;
Cheah etal., 2020). Singh et al. (2018) explained
that OEE can be used as a measurement basis for
evaluating operational efficiency. The method
provides information  regarding  losses
associated  with  machine  availability,
performance, and quality. Therefore, OEE can
be applied to identify the main areas requiring
improvement in  production  equipment.
Availability represents the proportion of planned
production time during which the machine is
actually available for operation. Downtime
caused by equipment failure, adjustment,
maintenance, or other interruptions reduces
Availability. A high Availability value indicates
that the machine can operate for most of the
planned production period. Performance
evaluates the operating speed of the machine
compared with its ideal cycle time. A machine
may have high Awvailability but still have
reduced Performance when its actual processing
time is longer than the ideal cycle time. Hung et
al. (2022) emphasized that OEE includes
Performance as one of the major dimensions
associated with production losses and equipment
capacity. Quality represents the proportion of
good output compared with the total processed
material. Therefore, a machine with high
Availability and Performance may still have
reduced overall effectiveness if a substantial
portion of its output does not meet the defined
production criteria.

The OEE value is obtained by multiplying
Availability, Performance, and Quality:

OEE = Awvailability x Performance x

Quality
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The OEE approach has been applied in
various production systems. Maknunah et al.
(2016), for example, applied OEE to evaluate
machines in the milling station of a sugar factory
and found that reduced speed was an important
factor affecting OEE. This finding is relevant to
the present study because processing speed is
also evaluated as one of the main performance
indicators of the OTR machine. Cheah et al.
(2020) also emphasized that OEE can be
combined with systematic improvement
approaches to identify and  prioritize
improvement opportunities. Thus, OEE is not
only a numerical measurement but can also
serve as a basis for determining which aspect of
machine operation should receive further
attention.

2.3 Availability, Performance, and Quality
The effectiveness of an OTR machine can be
evaluated through the three main OEE indicators:
Availability, Performance, and Quality. Each
indicator represents a different source of
production loss, so all three indicators need to be
evaluated together.

1. Availability

Availability describes the ability of the machine
to operate during the planned production period.
Availability is calculated as:

Availability = (Operating Time / Planned
Production Time) x 100%

Downtime caused by machine failure,
component replacement, adjustment, or other
operational interruptions reduces the operating
time of the machine.

2. Performance
Performance represents the operating speed
of the machine compared with its ideal
cycle time. It can be calculated using:

Performance = (Ideal Cycle Time x Total
Count / Operating Time) x 100%

In the present study, the standard OTR
rolling time is 40-50 minutes per batch.
The 40-minute value is used as the ideal
cycle time, representing the fastest
processing time within the established
standard range.
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The  distinction  between  standard
processing time and ideal cycle time is
important. The 40-50 minute range is used
to evaluate whether actual processing
remains within the operational standard,
while 40 minutes is used as the reference
for the Performance calculation.

Research on black tea has demonstrated
that rolling time and rolling conditions can
influence tea quality (Yang et al., 2024; Wu
et al., 2023). Therefore, processing time
needs to be controlled so that improvements
in machine speed do not compromise the
rolling process and final tea quality.

3. Quality
Quality represents the proportion of good
output relative to the total processed
material and is calculated as:

Quality = (Good Output / Total Input) x
100%

In this study, the difference between input
material and recorded good output is treated
as a mass difference in the production
measurement. It is not directly classified as
a product defect because the present study
does not separately analyze the physical or
chemical causes of the mass difference.

4. Overall Equipment Effectiveness
The three indicators are combined to
determine overall machine effectiveness:

OEE = Awvailability x Performance x
Quality

The use of OEE allows the performance of
the OTR machine to be evaluated
comprehensively. Previous OEE research
has demonstrated that the three indicators
can be used to identify whether equipment
losses are primarily related to downtime,
operating speed, or output quality (Cheah et
al., 2020; Ng Corrales et al., 2020; Singh et
al., 2018).

2.4 Research Gap and Positioning of the
Present Study
Previous research has established that both
tea-processing  conditions and  machine
operating conditions can influence the
effectiveness and quality of tea production.
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Studies on black tea have examined the effects
of rolling method, rolling speed, rolling time,
and re-rolling treatment on tea quality and
chemical characteristics (Ozdemir et al., 2017;
Wu et al., 2023; Yang et al., 2024; Chen et al.,
2023). From the equipment-performance
perspective, OEE provides an integrated
approach ~ for  evaluating  Availability,
Performance, and Quality. Previous studies have
demonstrated the usefulness of OEE in
identifying equipment losses and determining
improvement priorities (Maknunah et al., 2016;
Singh et al.,, 2018; Cheah et al., 2020; Ng
Corrales et al., 2020). More specifically, Zulfikri
et al. (2019) previously evaluated the
effectiveness of an OTR machine at PTPN IV
Unit Bah Butong and obtained an OEE value of
67.99%, with Performance of 75.79% being
lower than Awvailability and Quality. The
previous research also incorporated Six Big
Losses and FMEA to identify machine failure
risks. However, the present study differs in its
focus and observation approach. The current
research  focuses on direct operational
observations of 10 OTR processing batches,
including material input, actual processing time,
downtime, and good output. The study
specifically evaluates the current machine
performance using OEE and examines
processing-time variation as an important factor
affecting the Performance component. The
research also considers the operational standard
of 40-50 minutes per batch and evaluates the
actual processing time against this range. This is
relevant because recent tea-processing research
indicates that rolling conditions and duration can
affect tea quality and chemical characteristics
(Liu et al., 2020; Yang et al., 2024; Mahdavi et
al., 2026). Therefore, the research gap addressed
by this study is the need for an updated
operational evaluation of OTR machine
performance at PTPN IV Unit Bah Butong based
on direct production observations. The study
does not primarily focus on failure-risk ranking
as in the previous research, but instead
emphasizes the measurement of Availability,
Performance, Quality, and OEE using current
field data. The present study is expected to
complement previous research by providing an
updated assessment of OTR  machine
effectiveness and identifying the OEE
component with the greatest potential for
improvement. The results can subsequently be
used as a basis for improving processing-time
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consistency while maintaining high machine
Availability and product Quality.

3. Research Methodology
3.1 Research Location and Time

This single-machine descriptive study was
conducted at PTPN IV Bah Butong Unit,
Simalungun Regency, North Sumatra, from
August 3 to September 2, 2026. Ten rolling
batches were recorded within this period. The
available records do not identify the observation
dates, selection sequence, shifts, operators, or
leaf moisture for individual batches. These
sampling details require confirmation from the
field log before submission; the observations
cannot be assumed to represent the full month.

3.2 Research Method

The batch was the unit of analysis.
Recorded input masses, batch durations, and
stoppage time were summarized descriptively.
An illustrative availability and cycle-time
performance calculation was made using the
reported 444 min and a 40-min reference; both
depend on time-boundary and reference-cycle
verification. Post-rolling mass divided by input
mass was calculated separately as material yield.
Without a conformity-based good-output
measure, conventional OEE cannot be
established from these records.

3.3 Data Collection
The source table records input mass, a 40—
50 min plant operating range, actual duration,

and downtime for each of ten batches. It does not
state the scale resolution or calibration,
stopwatch or log source, clock start and end
events, observer, stop-coding threshold, or
whether recorded durations include
interruptions. These details should be recovered
from the observation sheets. The stated
maximum batch capacity is 375 kg; its
nameplate or operating-standard source also
requires verification. The aggregate post-rolling
mass of 3,010 kg is reported without batch-level
values or conformity criteria.

3.4 Research Flow

The analysis sequence was to transcribe ten
batch records, check the sums of input mass and
duration, summarize the batch durations,
reconcile each stop with the corresponding
elapsed and running times, and calculate the
reported ratios. The time reconciliation and
output classification remain incomplete because
the underlying log and batch-level output
records are unavailable.

4. Results and Discussion

4.1 Results

4.1.1 OTR Machine Observation Data
Observations were conducted on the Open

Top Roller (OTR) machine during the black tea

leaf rolling process at PTPN IV Bah Butong Unit.

The observed data included the amount of

material processed, standard processing time,

actual rolling time, and downtime.

Table 4.1 Observation Data of the OTR Machine Rolling Process

Batch Input (kg) Standar (menit) Aktual (menit) Downtime(menit)
1 300 40-50 40 5
2 300 40-50 43 0
3 300 40-50 43 0
4 320 40-50 50 0
5 300 40-50 45 0
6 300 40-50 45 0
7 300 40 -50 45 0
8 300 40-50 45 0
9 300 40-50 45 0
10 300 40 -50 43 0
Total 3.020 400 - 500 444 5
Rata - rata 302 40-50 44,4 0,5

Across ten batches, input mass totaled
3,020 kg and recorded duration totaled 444 min.
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Batch duration averaged 44.4 min (sample SD
2.55 min; range 40-50 min). Nine batches had
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300 kg input and one had 320 kg. All reported
durations fall within the stated 40-50 min
operating range. Whether each duration includes
interruption time has not been documented.

4.1.2  Rolling Processing Time Analysis
The ten recorded durations were 40, 43, 43,
50, 45, 45, 45, 45, 45, and 43 min. Their sum is
444 min, mean is 44.4 min, and sample standard
deviation is 2.55 min. The sole 50-min batch had
a 320 kg input; one observation at this load
cannot establish that loading increased duration.
Average Actual Processing Time
The average actual processing time was
calculated using the following equation:

t=
where:
t = average actual processing time
(minutes/batch)
>'t = total actual processing time (minutes)
n = number of batches
Based on the observation data:

Tt
n

t = 44,4 minutes / batch

Therefore, the average actual processing time
for the OTR rolling process was 44.4 minutes
per batch.

Based on the observation results, the
shortest actual processing time was 40 minutes,
while the longest actual processing time was 50
minutes. Both values remain within the
established standard processing-time range of
40-50 minutes per batch. The average actual
processing time of 44.4 minutes per batch also
falls within this standard range. Therefore, the
actual rolling process observed during the study
generally complied with the established
processing-time standard. Therefore, it can be
concluded that the actual processing time of the
OTR machine during the observation period
remained within the established processing-time
standard. The variation in rolling time observed
for each batch remained within the standard
limits and did not indicate any processing-time
deviation exceeding the established standard. In
Batch 4, the rolling time reached 50 minutes
with a material input of 320 kg. This value
represents the longest actual processing time
during the observation period; however, it
remained at the maximum limit of the
established standard. This indicates that
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although there was a difference in the amount of
material processed, the rolling time could still be
maintained within the standard processing range.

4.1.3 Availability

The sum of recorded batch durations was
444 min, and one batch recorded a 5-min stop. If
the recorded duration for batch 1 includes this
stop and all ten durations describe scheduled
elapsed rolling intervals.

Operating Time =444 -5
Operating Time = 439
Therefore:

Availability = 2 x 100%
Availability = 98.87%

The high Availability value indicates that
the machine was relatively available for
operation during the observation period.
Availability is calculated based on the ratio of
operating time to planned production time. The
value of 98.87% indicates that only a small
proportion of the observed production time was
lost due to downtime.

414  Performance

In the calculation of Overall Equipment
Effectiveness (OEE), the standard processing
time is used as a reference for determining the
ideal cycle time. Based on the observation
results, the OTR machine rolling process had a
processing-time range of 40-50 minutes per
batch, while 40 minutes per batch was used as
the ideal cycle time because it represents the
fastest processing time observed and the lower
limit of the established standard range. This
value is used as the reference for evaluating the
Performance of the OTR machine. The
operating time after deducting downtime was
calculated as follows:

Operating Time = 444 — 5 Operating Time =439

The Performance value was then calculated
using the following equation:

ideal Cycle x Number of Batches

Performance =
100%

Performance = % x 100%
Performance = 91,12%

Operating Time
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Based on the calculation, the Performance
value of the OTR machine was 91.12%. This
value indicates that the machine performance
based on the actual cycle time had not yet
reached the ideal condition of 40 minutes per
batch. This can be observed from the average
actual processing time of 44.4 minutes per batch.
Nevertheless, the actual processing time of all
batches remained within the established
standard processing range of 40-50 minutes per
batch. Therefore, there is a distinction between
the standard processing time and the ideal cycle
time. The 40-50 minute range is used to
determine whether the rolling process remains
within the established standard limits, whereas
40 minutes is used as the ideal cycle time in the
OEE Performance calculation.

4.1.5 Quality and Mass Difference

Total amount of material processed: Total =
3.020 kg Total good output: Good = 3.010 kg
Mass difference: 3.020 — 3.010 = 10 kg
Therefore:

Quality = 22 x 100% Quality = 99,67%

The Quality value of 99.67% indicates that
the proportion of good output was very high
compared with the total material processed
during the 10 observed batches. The recorded
mass difference was 10 kg, which represents the
difference between the total input material and
the good output in the production measurement.

4.1.6 Overall Equipment Effectiveness

The OEE value was determined based on
three main components, namely Availability,
Performance, and Quality.

Table 4.2 OEE Values Based on Three

downtime
Performance 91,12% Lowest
component;
cycle-time
opportunity
Quality 99,67% High mass-
based good-
output yield
High short-
period
equipment
effectiveness

OEE 89,79%

Calculation:
OEE =98,87% X 91,12% X 99,67%
OEE = 89,79%

The OEE value of 89.79% indicates that the
OTR machine demonstrated a good level of
effectiveness during the observation period.
However, the OEE value should not be
interpreted only as a single number, because its
three components provide information regarding
the sources of productivity losses. In this study,
Availability, Performance, and Quality provide
a more detailed description of the machine's
operational effectiveness. For comparison, a
value of approximately 85% is commonly used
as a reference for world-class OEE. However,
this value should not be considered a universal
limit for determining whether every machine or
industrial process can be classified as “good.”
The interpretation of OEE should also consider
the characteristics of the production process,
machine conditions, operating conditions, and
the measurement period. Based on the results,
the OTR machine achieved an OEE value above
the commonly used 85% reference. Nevertheless,
the Performance value of 91.12% was the lowest
among the three OEE components. Therefore,
improvement efforts can be directed primarily
toward maintaining consistent processing time
and reducing variations in the rolling process

Components while maintaining the existing levels of
Parameter Nilai Operational Availability and Quality.
interpretation
Availability 98,87% Limited
observed
575 JOURNAL OF ENGINEERING SCIENCE AND TECHNOLOGY MANAGEMENT
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Figure 2. OEE Calculation Results

Based on the calculation results, the
Availability value was 98.87%, while the
Quality value was 99.67%. The Performance
value of 91.12% was the lowest among the three
OEE components. This result indicates that the
main performance improvement opportunity
during the observation period was not associated
with high downtime or low output quality, but
rather with the processing speed of the OTR
machine relative to the selected ideal cycle time.
Although all actual processing times remained
within the established standard range of 40-50
minutes per batch, most batches required more
than the 40-minute ideal cycle time. Therefore,
improving processing-time consistency may
increase the Performance component and
subsequently improve the overall OEE value.

4.8 Mechanical Condition and Downtime
During the observation period, 5
minutes of downtime was recorded in one batch.
In addition, observations of the machine
condition identified several mechanical
conditions that require attention, particularly the
condition of the bearing and loose bolts.
Mechanical disturbances can affect the stability
of machine operation and may contribute to
variations in processing time or machine
stoppage. Therefore, periodic inspection of
important components, such as bearings, belts,
pulleys, bolts, and the drive system, is necessary
to maintain stable OTR machine operation.
However, the 5-minute downtime recorded in
the observation data represents the downtime
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during the 10 observed batches. Therefore, this
value should not be combined with broader
monthly operational downtime data if a separate
monthly analysis is conducted. Keeping the
observation-period data separate from monthly

operational data ensures that the OEE
calculation remains consistent with the defined
observation period.

4.9 Capacity Utilization

The maximum capacity of the OTR
machine based on its nameplate specification is
375
kg/process. Based on the observation results,
most batches used a material input of 300 kg,
while one batch used an input of 320 kg. For the
batches with 300 kg of input:

Utilization = % x 100%

Utilization = 80%

For the batch with 320 kg of input:
Utilization = % x 100%

Utilization = 85,33%

The average material input during the

observation period was calculated as:
3020

—o - 302 kg/batch
Therefore:
302

—-x100% = 80,53%
375

Thus, the average capacity utilization of the
OTR machine during the observation period was
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80.53% of its maximum capacity of 375
ka/process. This indicates that the machine was
not operated at its maximum nominal capacity
during the observation period, as the average
amount of material processed was 302 kg per
batch. The capacity utilization result also shows
that the material loading varied between batches.
Most batches were loaded at approximately 80%
of the maximum capacity, while the 320 kg
batch reached 85.33% of the maximum capacity.
These differences in material loading may
contribute to variations in processing time and
should therefore be considered when evaluating
OTR machine performance.

4.2 Discussion

4.2.1 Diagnostic Meaning of the OEE

Profile

The OTR produced a high OEE profile
dominated by Availability and mass-based
Quality. Only 5 min of downtime were recorded,
so stoppage loss contributed little to the
aggregate result. The lower Performance
component shows that elapsed operating time
above the 40 min ideal accumulated more loss
than either downtime or recorded mass
difference. This pattern confirms why OEE
should be decomposed rather than reported as a
single score (Muchiri & Pintelon, 2008; Cheah
et al., 2020).

The current OEE of 89.79% is 21.80
percentage points higher than the 67.99%
reported by Zulfikri et al. (2019), with
particularly higher Performance and
Availability. This numerical contrast is
informative but not causal. Differences in
observation length, leaf condition, production
schedule, maintenance state, loss classification,
and cycle-time assumptions could influence the
result. A defensible longitudinal comparison
would require the same operational definitions
and repeated measurement across comparable
seasons and shifts.

The 85% reference provides context but
should not be treated as proof that the system is
optimal. OEE is sensitive to the chosen
denominator and ideal cycle time (Dal et al.,
2000; de Ron & Rooda, 2006). Here, 40 min is
the plant’s fastest standard boundary, not an
experimentally demonstrated optimum for every
loading and leaf condition. The useful
conclusion is therefore narrower: within the
selected definitions and 10-batch window, the
machine showed limited
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stop loss, high mass yield, and a measurable
cycle-time gap.

4.2.2 Balancing Throughput with Tea

Quality

Reducing duration toward 40 min may raise
the Performance factor, but the intervention
must preserve maceration and oxidation
requirements. Rolling speed and mechanical
pressure affect tea pigments, phenolic acids,
organic acids, soluble solids, theaflavins,
thearubigins, and volatile compounds (Wu et al.,
2023; Yang et al., 2024; Mahdavi et al., 2026).
The appropriate objective is stable processing at
a validated cycle, not the shortest possible cycle.

The current Quality calculation does not
resolve this trade-off because it uses mass yield.
Internationally  credible evaluation should
distinguish equipment vyield from product
quality. Future monitoring should pair OEE with
moisture after withering and rolling, dhool
particle distribution, grade recovery, colour
indices, theaflavin and thearubigin
concentrations, volatile profiles, and sensory
scores. Such integration would show whether
faster cycles maintain the chemical and sensory
outcomes expected from orthodox tea.

4.2.3 Maintenance and

Implications

High short-term Availability does not
remove the need for preventive maintenance.
Loose bolts and bearing concerns can precede
vibration, misalignment, thermal damage, belt
instability, or unplanned failure. A practical
maintenance response is to record inspection
results, lubrication, tightening,  bearing
temperature or vibration where feasible, failure
mode, repair duration, and recurrence. These
leading and lagging indicators would permit a
more informative link between maintenance
work and OEE (Muchiri et al., 2011). Capacity
should also be tested systematically. The
observed 80.53% mean loading leaves nominal
capacity unused, but increasing input may
lengthen cycles or change rolling uniformity. A
controlled factorial trial across representative
loads, leaf moisture levels, and rolling
conditions would be more defensible than
assuming that maximum loading improves
productivity.

Capacity
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4.2.4 Limitations

The study covers one machine and ten
batches. The nine-to-one imbalance between
300 and 320 kg loading prevents a defensible
load-duration association. Missing batch-level
output and acceptance data prevent calculation
of conventional OEE Quality; an unvalidated
40-min  reference and ambiguous time
boundaries make Availability and Performance
conditional. The short, selectively documented
window cannot establish monthly reliability or
maintenance effects.

5. Conclusion

In ten recorded batches, the OTR received
3,020 kg of leaves over 444 min of reported
batch duration, with one five-minute stop and
3,010 kg of aggregate post-rolling material.
Duration was 44.4 + 2.55 min per batch (sample
SD), within the stated 40-50 min range. On the
unverified assumption that batch durations
include the stop, Availability is 98.87%; using
an unvalidated 40-min reference gives
Performance of 91.12%. The 99.67% mass yield
is not conventional OEE Quality. Their 89.79%
product is therefore provisional and should not
be cited as verified OEE. Future measurement
should reconcile batch timestamps, validate a
condition-specific ideal cycle, and classify
conforming output before comparing equipment
effectiveness or testing operational interventions.
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