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ABSTRACT

Green tea production activities at PT Candi Loka indicated a time-consuming, which caused process efficiency to
be less than optimal. Process efficiency improvements must be made to increase company competitiveness and
consumer satisfaction. This research aimed to analyze the efficiency of green tea production time at PT Candi Loka
by identifying the processing time required in each production activity, including the time consumption and
formulating recommendations for improvement using a lean manufacturing approach using the VSM (Value
Stream Mapping) method. There were 30 activities in 6 processes consisting of receiving raw materials, withering,
rolling, drying, and packaging. Identification of value streams using the PAM (Process Activity Mapping) tool
produced 9 Value added (VA) activities, 19 Necessary but Non-Value Added (NNVA) activities, and 2 Non-Value
Added (NVA) activities in the form of delays in the withering and drying processes. In the current state map analysis,
the production lead time value was 315.286 seconds. Recommended improvements to eliminate delays in the
withering process were to set up the rotary panner machine earlier and increase the number of supervisors, while
to eliminate delays in the drying process were to implement a piece rate system. Increasing efficiency was also
carried out by improving NNVA activities by adding weighbridge facilities and using a conveyor system. The future
state map proposed by implementing recommended improvements resulted in an increase in production time
efficiency to 222.356 seconds and an increase in the process cycle efficiency value from 58.95% to 84.85%

Keywords: green tea, lean manufacturing, time efficiency, value stream mapping
ABSTRAK

Aktivitas produksi teh hijau di PT Candi Loka mengindikasikan terjadinya pemborosan waktu yang dapat
menyebabkan efisiensi proses menjadi tidak optimal. Perbaikan efisiensi proses perlu dilakukan untuk
meningkatkan daya saing perusahaan dan kepuasan konsumen. Penelitian ini bertujuan menganalisis efisiensi
waktu produksi teh hijau pada PT Candi Loka dengan mengidentifikasi waktu proses yang dibutuhkan dalam
setiap aktivitas produksi termasuk pemborosan waktu yang terjadi dan merumuskan rekomendasi
peningkatannya dengan menggunakan pendekatan lean manufacturing yaitu metode VSM (Value Stream
Mapping). Terdapat 30 aktivitas dalam 6 proses yang terdiri dari penerimaan bahan baku, pelayuan,
penggulungan, pengeringan 1, pengeringan 2, dan pengemasan. Identifikasi aliran nilai menggunakan tools PAM
(Process Activity Mapping) menghasilkan 9 aktivitas Value added (VA), 19 aktivitas Necessary but Non Value Added
(NNVA), dan 2 aktivitas Non Value Added (NVA) berupa delay di proses pelayuan dan pengeringan. Pada current
state map nilai lead time waktu produksi sebesar 315,286 detik. Rekomendasi perbaikan untuk menghilangkan
delay pada proses pelayuan adalah dengan melakukan set up mesin rotary panner lebih awal dan penambahan
jumlah pengawas, sedangkan pada delay proses pengeringan adalah dengan menerapkan sistem upah borongan.
Peningkatan efisiensi juga dilakukan dengan perbaikan aktivitas NNVA berupa penambahan fasilitas jembatan
timbang dan penggunaan sistem konveyor. Future state map dengan menerapkan rekomendasi perbaikan
menghasilkan peningkatan efisiensi waktu produksi menjadi 222,356 detik dan peningkatkan nilai process cycle
efficiency dari 58,95 % menjadi 84,85 %.

Kata kunci: efisiensi waktu, lean manufacturing, teh hijau, value stream mapping
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Introduction

Tea is one of the primary plantation commodities in Indonesia. It is derived from the Camellia sinensis
plant and enjoyed by the public as a drink made by steeping processed tea leaves in hot water. Tea is
categorized into three types based on the production process (Fajar et al., 2018). One of them is green tea,
which has the highest catechin content (Fadhilah et al., 2021) and provides numerous health benefits,
including preventing heart disease, atherosclerosis, high cholesterol, diabetes, liver disease, weight loss,
and reducing the growth of cancer cells in organs such as the lungs, intestines, and skin (Ratnani & Malik,
2022).

PT Candi Loka is a private company that produces green tea using raw materials (fresh tea leaves) from
the Jamus plantation in Ngawi Regency, East Java. The green tea production process at PT Candi Loka
consists of several stages, including receiving raw materials, withering using an oven, rolling, drying using
an Endless Chain Pressure (ECP) machine and a ball tea machine, sorting and packaging. This process
involves both manual and automatic activities. This company has a processing capacity of up to 10 tons
per day, with a processing time of around three days. To ensure the efficiency of the production process,
companies must optimize available operational time and save time, especially for activities that does not
provide added value. Indications of time-consuming processes at PT Candi Loka can be seen from the slow
process of withering and drying tea leaves and the relatively slow process of moving materials that still rely
on human power. This inefficiency can cause additional costs, reduce productivity, and cause poor product
quality, resulting in consumer dissatisfaction and reducing company competitiveness. Fauziah et al. (2022)
explained that delay was one of the time-consuming activities in the production process. Delays can occur
when the machine cannot reach its optimal capacity, causing the following process has to wait too long.
PT Candi Loka often faces such situation, therefore the company's process efficiency still needs to be
improved.

PT Candi Loka needs to increase its competitiveness by increasing the efficiency of its production
process, which can be achieved by implementing lean manufacturing that involves continuous
improvement by minimizing various time-consuming processes. The time-consuming processes include
waiting time, long processing time, product defect, excess inventory, and operational costs
(Satria & Yuliawati, 2018). Value Stream Mapping (VSM) is one of the lean manufacturing methods used to
visually represent the current state of the process through a detailed process flow map. VSM is necessary
to help identify and measure process inputs and outputs and to develop future state maps for better
process alternatives (Khoeruddin & Indrasti, 2023). VSM has been widely used to solve time-wasting
problems in many companies to gain a competitive advantage in the global market. Research on the
application of VSM in footwear companies was reported by Liu & Yang (2017) with impressive results,
namely success in shortening the footwear manufacturing process time from 8.5 days to 2.5 days.
Furthermore, Khoeruddin & Indrasti (2023) also conducted research at a curry sauce company and found
that the processing time was reduced by 2.35%. Meanwhile, Ma’sum & Setiafindari (2022) reported that
implementing VSM in bag manufacturing factories reduced process time by 6%. According to
Gebeyehu et al. (2022), reducing this time could be done by reducing time for activities that did not provide
added value, such as queuing for materials, material transportation routes, and material movement.

PT Candi Loka requires a Value Stream Mapping (VSM) to evaluate the efficiency of its current processes.
Indicators such as time-consuming processes and slow material movement suggest that the tea
production process needs to adhere to lean manufacturing principles. Sundar et al. (2014) stated that
eliminating wasted processing time and speeding up material movement were vital for realizing lean
production. This research analyzed the efficiency of green tea production time at PT Candi Loka by
identifying the processing time required in each production activity, including the time consumption, and
formulating recommendations for improvement using the VSM method.
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Materials and methods
Materials and tools

The research required primary data (information flow, process flow, and process time) obtained through
observation and secondary data from references and company documents. Tools used in this research
included a stopwatch for time measurement during data collection and software such as Microsoft Visio
and Microsoft Word to describe the mapping process.

Research methods

Identification of production activities at PT Candi Loka was conducted using the Process Activity
Mapping (PAM) method (Ulfah et al., 2023). This method required data in the form of types of activities and
the length of time of such activities, which had previously been collected through observation. The
production activities observed were then grouped into five types of activities: operation (O), transportation
(T), inspection (1), storage (S), and delay (D). Next, these types of activities were determined according to
their usefulness into three groups: added-value activities (VA), non-added-value activities (NVA), and
activities that were needed but do not provide added-value (NNVA) (Misbah et al., 2015). The added-value
activities were determined through observation and interviews with experts from the companies being
studied. The added-value activities could change the characteristics of the material being processed,
whether physical, chemical, or physiological. These changes increased the value and benefits of the
material or final product. The added-value activities were the core activities in the production process,
while non-added-value activities were supporting or ancillary activities that accompany the core process,
which included activities such as process preparation, rhythm and body movements, material flow, delays,
worker supervision, and so on. If carried out excessively and inefficiently, these activities might become a
source of lost time and money (Salwin et al., 2021).

Process flow analysis utilised a current state map that included information on material flow and process
time data grouped by activity type, facilitating easy identification of areas where waste occurs
(Ma’'sum & Setiafindari, 2022). By using the 5 Whys method, the causes of the lost could be identified and
then eliminated (Novitasari & Iftadi, 2020). Recommendations for improvement were developed in the
form of a future state map. This map explained the elimination of NVA activities, processing time, and lead
time (Dhika et al., 2023). The increase in process efficiency was expressed by the Process Cycle Efficiency

parameter, determined using the following equation (Anggraini et al., 2020) :
Value added time

P Cycle Effici PCE) = x 1009
rocess Cycle Ef ficiency ( ) Process lead time %

Research implementation

The research began with field and literature studies to identify problems and determine research
objectives. The primary data collection stage involved field observations, interviews, and time data
measurement to identify activities at each process stage at PT Candi Loka. The identification results were
then coded. Process time measurements were carried out by repeating each batch's activities three times.
Primary and secondary data collection activities took place in June 2023. The data processing stages
included analyzing added value using the PAM method, preparing a current state map, analyzing problems
using the five Whys method, providing recommendations for improvements, and preparing a future state
map. A comparative analysis between the current and future state maps was conducted to determine the
increase in time efficiency after implementing the recommendations for improvement. The final stage
involved comparing the two conditions' Process Cycle Efficiency parameter values to determine the
achievable improvement results.
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Research parameters

The research parameter was Process Cycle Efficiency (PCE), which was the ratio between value-added
time and total production process time (lead time) (Anggraini et al., 2020). Karabay & Kansul (2019) stated
that higher PCE values indicated a more efficient process.

Results and discussion

Value-added stream identification results

The green tea production processes at PT Candi Loka include receiving raw materials, withering, rolling,
primary drying (using an ECP machine), secondary drying (using a ball tea machine), and packaging. The
length of time for such activities falling into the categories of VA, NVA, and NNVA was identified based on
previously explained rules, which involved measuring the duration of each activity (Karabay & Kansul, 2019;
Shou et al,, 2020). For VA, which was a core process, measurements were carried out from the beginning
to the end. NNVA was a supporting activity separate from the core process but must be eliminated. The
length of time was measured carefully just before or after the VA took place. Meanwhile, NVA was an
activity outside of VA and NNVA that occured during production and contributed to lead time
(Gebeyehu et al.,, 2022). The analysis revealed 30 activities distributed across six stages of the green tea
production process, which included 3 activities in the raw material receiving process stage, 6 in the
withering stage, 4 in the rolling stage, 5 in the drying stage 1, 7 in the drying stage 2, and 5 in the packaging
stage. The results of activity identification and time measurements are input into Table 1.

Table 1. Process activity mapping for identifying VA, NVA, and NNVA activity types

i i i Category*
No. Activities Code Machine/  Time Sténc.:lard Distance Worker gory Typ'e'of
tools (s)  deviation (s) (m) O T | D S activity

Unloading raw

1.  materials from the A1l - 1,467 115.47 - 2 X NNVA
truck
Weighing and Digital

5, loading raw py Stingscale o0 o506 - x VA
materials into (1 unit)
trolleys 3

5, Deliverytothe Az olley a0 4674 6.6 x NNVA
withering process (1 unit)

4, Setuptherotary = o, ; 1221 68.71 - 1 x NNVA
panning machine

5, Exposuretotea B2 - 6,905  643.1 - 4 x VA
leaves

6. Delay B3 - 1,224 31.75 - - X NVA
Input and process Rotary

7. nputandp B4  panner 34,959 2,177.21 - 2 x VA
withering .

(1 unit)

Putting the process

8. results into the B5 - 11,298 1181.69 - X NNVA
barrow

. 2

g, Deliveryforthe B6  DATOW 459 15402 9 x NNVA
rolling process (1 unit)

10. Raw material input  C1 - 15,556  1,553.47 - X NNVA

11. Rolling process co  Foller st 414391 - - x VA

(2 units)
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i i i Category*
No. Activities Code Machine/  Time Stcjan(.:lard Distance Worker gory Typ.e'of
tools (s)  deviation (s) (m) O T | D S activity
Load the process
12. results into the a3 - 5,231 529.33 - X NNVA
trolleys 2
3, Delveryforthe - Barow S50 4508 5 x NNVA
drying process 1° (2 units)
14. Setup D1 - 2,577 268.37 - 1 X NNVA
15. Raw material input D2 - 5,231 529.33 - 2 X NNVA
Endless
16. Drying process 1* D3 Chain 33,835 3,171.46 - - X VA
Pressure
(ECP) (1 unit)
Putting the process
17. results into the D4 - 7,640 799.56 - 2 X NNVA
barrow
jg, Deliveryforthe o Barow 0 4358 15 1 x NNVA
drying process 2" (2 units)
19. Raw material input  E1 - 3,920 399.5 - 1 X NNVA
Ball tea
H nd - -
20. Drying process 2 E2 (3 units) 57,200 4,812.48 X VA
21. Cooling E3 = 1,651 133.06 - - X VA
2y, Putting the process ¢, - 5036 13033 - 1 x NNVA
results into the bags
23. Delay to warehouse E5 - 60,000 3,747.00 - - X NVA
24, Loadingbagsinto g - 742 5947 - 1 x NNVA
trolleys
25, Deliveryto ez oMY 79 40 1 x NNVA
warehouse (3 units)
Digital
26. Weighing F1 sittingscale 2,742 155.00 - 1 X VA
(1 unit)
Sewing
27. Bagsewing F2 machine 1,626 73.32 - 1 X VA
(1 unit)
2g, Loadingbagsonto - 644 5543 - 1 x NNVA
the trolleys
29, Deliverytoa e Ol gy 4875 26 1 x NNVA
storage warehouse (1 unit)
30, Arrangethebagsin g - 306 27.71 - 1 x  NNVA
the warehouse
VA:9
Total 315,286 25,675.58 101.6 31 9 16 2 2 1 NNVA:19
NVA:2

*Note: O = operation, T = transportation, | = inspection, D = delay, S = storage

According to the Table 1, two non-value-added (NVA) activities are causing a delay in the withering
process (B3), which lasts 1,224 seconds, and in the drying process 2 (ball tea) (E5), which lasts 60,000
seconds. Additionally, 19 non-value-added but necessary (NNVA) activities were identified, including 16
transportation activities, two inspection activities, and one storage activity. The findings from the analysis
are illustrated in the current state mapping shown in Figure 1.
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Current state map development

The current state map in Figure 1 illustrates the flow of information, material/process flow, and time
data for each process. The diagram depicts a flow of information involving the customer, marketing, PPIC
(Production Planning and Inventory Control) division, plantation division, and production division. Each
process includes data on the number of workers, inputs/outputs, length of VA time, NNVA time, and NVA
time (Shou et al., 2020; Salwin et al,, 2021). The lead time for green tea production in batch units for + 5
tons of raw materials of was 315.286 seconds. The activity time that provides added-value (VA time) was
18.5870 seconds. The Process Cycle Efficiency value of the green tea production process in the current state
map was 58.95%. The method for calculating lead time in batch units in the downstream production of tea
drinks was also used by Satria dan Yuliwati (2018) by adding up all types of processing time, both VA, NVA,
and NNVA.

PPIC

]

Production Division

Plantation Marketing
Division '\l%
JL E- Customer

AN
Receiving raw material | 6,6m Withering | 9m Rolling
Manpower: 5 workers Manpower: 9 workers Manpower: 2 workers ~ [=="" H

Ne), O N i

Material Input +5 Tons O'utput i3 3,5' Tons Outp‘ut S s 3,5 Tons E

MC - MC ;1 unit MC : 2 unit H

VA time 11801 s VA time 141864 s VA time 145151 s !

NNVA time 12858 s NNVA time 113978 s NNVA time 122577 s

CIT : 4659 s NVA time 11224 s CIT 167728 s

CIT : 57066 s

| 4659 s 57066's / 67728's
:““'“““'““/““'““'““'““'“““““‘é““““““'“““““““““““\:r """""
1
E Drying 1 (ECP) | 15m Drying 2 (balltea) | 40m Packaging ~
g Manpower: 2 workers Manpower: 2 workers Manpower: 2 workers

e e e

Output :+2,1Tons Output :+1,4Tons Output : 30 Kg/bag Warehouse

MC - 1 unit MC : 2 unit MC - 1 unit

VA time 133835 VA time : 58851 s VA time : 4368 s

NNVA time 116808 s NNVA time :10170's NNVA :1801s

CIT : 50643 s NVA time : 60000s CIT : 6169 s

CIT 1129021 s Lead time = 315286 s
| 50643 s 129021 s 6169 s | VA time = 185870 s

Figure 1. Current state map of the green tea production process at PT Candi Loka
Problem analysis and recommendations for improvement

The time lost in the tea production process at PT Candi Loka was due to non-value-added activities,
either excessive NVA or NNVA, which included 2 NVA activities and 19 NNVA activities. Delay activity was
considered NVA activity, so repairs must be done immediately (Shou et al., 2020; Fauziah et al.,, 2022).
According to Saravanan et al. (2018), Improving production time efficiency was carried out by eliminating
NVA activities with recommendations for improvements provided. The very large number of NNVA
activities meant that tea production needs to be improved, including mechanisms and equipment types,
therefore processing times become more efficient.

(1) NVA activities before the withering process (B3)

The causes of delays before withering activities (B3) were determined using the 5 Whys method and the
results are presented in Table 2. Two factors contribute to delays: human resources and machinery.
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Table 2. Analysis of 5 Whys activity delay (B3)

Problem: There was a delay in the withering process (B3)

Factors Why The answer

Why 1 Since the supervisor has not given any instructions
Why 2 The supervisor has not checked

Human - . .

resOUrCes Why 3 Supervisors are still checking other processes
Why 4 There are not enough supervisors available
Why 5 The company has not adjusted the number of supervisors
Why 1 The machine is not ready

Machine Why 2 The engine temperature is still not at the appropriate level
Why 3 The setup only begins when the raw materials arrive

Based on the results of the 5-why analysis listed in Table 2, it was found that one of the causes of delays
at the withering stagewas the human resource factor. The withering stage commences after the machine-
checking supervisor instructed workers to start the activity. However, there was a delay in checking
because the factory relied only on one supervisor to check all production activities. Furthermore, delays in
machine operation readiness caused delays in the withering process. The machine was not ready to
operate when the raw materials arrived at the withering area, as the new machine setup process was
carried out shortly after completing the raw material receiving process in the previous stage. The machine
required time to reach the specified process temperature. Delays in the withering process represented a
form of time lost, commonly occurring in factories that needed to be improved in providing skilled worker
resources. This resulted in excessive workers' dependence on supervisors and inaccuracies in arranging
material and process flow (Omogbai & Salonitis, 2016; Marques et al., 2021; Poswa et al., 2022).

To avoid delays caused by slow-starting workers, increasing the number of supervisors from one to two
is recommended. With two supervisors, the workload can be expedited. One supervisor will oversee the
process of receiving raw materials, withering, and rolling. At the same time, the other will supervise the
drying process on the ECP machine and ball tea machine, as well as packaging. By adding supervisors,
inspecting on the rotary panner machine can be carried out earlier, allowing the withering process to begin
immediately. The ball tea machine, which has a drying chamber in the form of a rotating cylinder with a
heat source from a heating element, requires setup to reach the expected drying temperature (125-150°C),
so this must be done from the start (Lestari et al., 2022). According to Delbridge & Lowe (1997); Nucci (2017);
and Habib et al. (2023), increasing the number of supervisors increased production costs, however the time
efficiency that could be achieved was essential for increasing company productivity. Meanwhile, efforts to
reduce delays can be made by setting up the rotary panner machine at the same time as raw material
coming. For example, suppose the process of obtaining raw materials starts at 12.30, the machine setup
process is also carried out at 12.30 so that when the material has entered the withering process, the
machine is ready for processing.

(2) NVA activity after drying process 2 (E5) to the packaging warehouse

An analysis was conducted to identify the causes of delay (E5) after the drying process 2 (ball tea) to the
packaging warehouse using the 5 Whys method (Table 3). It was found that the absence of workers caused
the delays. The drying process was completed in the afternoon (after 14:00) when the workers had already
left the warehouse. The warehouse working hours were from 07:00 to 14:00. As a result, the delivery process
to the packaging warehouse had to be resumed the next day during the warehouse working hours.

To eliminate NVA activities such as delays after the drying process 2, switching from a daily wage system
to a piece rate system for workers in the packaging process is recommended. Working in the packaging
warehouse does not require special skills and does not affect the value or quality of production results.
Piecework wages were paid based on the completion of specific types of work (Srihastuti et al., 2023). A
piece rate system is based on the amount of material produced rather than the time spent. This system
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offered advantages such as time efficiency, flexibility, and more straightforward cost prediction for the
packaging process (Guiteras & Jack, 2018). Appropriate wages provided worker satisfaction and motivation
to increase productivity, providing optimal results for the company (Prayudo et al., 2020).

Table 3. Analysis of 5 Whys activity delays (E5)

Problem: There was a delay in the drying process 2 (ball tea) (E5)

Why The answer
Why 1 There are no workers in the subsequent process
Why 2 Since it is outside of working hours
Why 3 The company has not scheduled any extra working hours

(3) NNVA activities in the process of receiving raw materials

Improvements in time efficiency were also carried out at the raw material receiving process stage by
adding weighbridge facilities. A weighbridge was a set of tools that determine a vehicle's weight and cargo
(Foyer & Schulz, 2021). By using a weighbridge, the raw material weighing activity, which was initially
carried out one by one, could be carried out simultaneously as receiving raw materials for each delivery
truck (Chimezi et al., 2023). Companies can form planning teams for additional weighbridge facilities so
that additional facilities can be carried out by conditions that benefit the company. The addition of
weighbridge facilities can replace three workers previously tasked with manual weighing. An overview of
changes in activities after implementing improvements to the raw material receiving process can be seen
in Table 4.

Table 4. Description of changes in the raw material receiving process activities

Activity description Estimated time (seconds) Explanation
Weighing (2 trucks for a 5-ton batch of raw materials) 162 81 s/truck *
Unloading raw materials from the truck 1,467 -
Delivery to the withering process 857 30 s/ trolley
Total 2,486 -

*) Nugraha et al. (2017)
(4) NNVA activity in the withering to the rolling process

Production time efficiency can be improved by speeding up material movement from the withering to
the rolling stage using a conveyor belt. Conveyors were mechanical devices widely used in industry, and
they move goods in large quantities and continuously (Hanafie et al., 2020). Conveyor systems speeded up
operator work and increased production efficiency (Mendes et al., 2023; Zhang et al., 2024). Companies can
form planning teams so that conveyor system installation is appropriate and benefits the company.
Material transportation by conveyor can replace three workers and change several activities. An overview
of changes in activity after improvements in the withering and rolling processes can be seen in Table 5.

Table 5. Description of activity changes in the withering and rolling process

Process stage Activity Estimated time (seconds)
Withering Exposure to tea leaves 6,906
Input and process withering 34,959
Rolling Rolling process 45,151
Putting the process results into the barrow 5,231
Delivery for the drying process 1 1,790

Future state map development

Increasing time efficiency in green tea production was achieved by improving activities that caused
time wastage (NVA and NNVA) in the current state map (Satria & Yuliawati, 2018). The improved activities
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have considered operational possibilities in terms of costs and other resources based on expert meetings
with company management. This improvement produces a new process flow picture called the future
state map, as shown in Figure 2. This picture shows that there are four improvements, namely a) the use of
a weighbridge in the process of receiving raw materials; b) increasing the number of supervisors and
arranging the setup time for the withering machine before the withering process; c) the use of conveyors
to speed up the process of transferring materials from the withering process to the rolling process; and d)
using a piece rate system in the packaging process.

The proposed future state map can reduce green tea production lead time by 29.47% from 315,286
seconds to 222,356 seconds, as shown in Table 6. The Process Cycle Efficiency value also increases
significantly from 58.95% to 84.85%. These results indicate that the application of the future state, apart
from generating the production process more efficient, also results in green tea production at PT Candi
Loka leaner in terms of processing time. This is in line with research conducted by Wurjaningrum & Shafak
(2022) and Groneberg et al. (2022), which stated that process improvement recommendations must be
able to reduce activity time significantly in NVA and NNVA activities so that it has an impact on reducing
lead time.

Table 6. A comparison of green tea production time between the current state and future state

Type of activity Current state Future state
seconds hours seconds hours
VA 185,870 51,63 184,232 51,17
NNVA 68,192 18,94 38,124 10,59
NVA 61,224 17,00 0 0
Lead time 315,286 87,57 222,356 61,766
Process cycle efficiency 58.95% 82.85%
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Figure 2. Future state map of the green tea production process at PT Candi Loka
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Conclusion

The current green tea production process at PT Candi Loka still indicates that there is a time lost in
several activities, such as weighing raw materials, delays before the withering process, transferring
materials from the withering process to the rolling process, and delays in transferring materials to the
packaging warehouse. The results of the VSM analysis for current conditions (current future map) show
that the lead time is still relatively long, about 315,286 seconds for every 5 tons of raw material, with a
process time efficiency level of only around 58.95%. Improvements are made to activities that cause time
lost. The improvements' results, represented in the form of a future state map, provide more efficient
results, the lead time decreases to 222,356 seconds and the process cycle efficiency value increases to
82.85%.
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