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Abstract—The rapid competition between business and 

sustainability policy has encouraged the coffee industry in 

Indonesia to make their business more environmentally friendly. 

However, this initiative has yet to be fully underway. Several 

inefficiencies still prevail in Arabica coffee production sites, such 

as product defects in inventory, the inefficiency of production 

machine performance, and dependence on manpower that can 

increase the production and inventory costs. Therefore, the 

Arabica coffee agroindustry needs to improve its performance by 

addressing these issues in production activity using the lean 

manufacturing approach. Several tools proven influential to 

reduce waste in the agroindustry are Value Stream Mapping 

(VSM) and VALSAT. VSM could document the entire mapping of 

material and information management, but cannot classify the 

time required to complete the whole process. VALSAT has several 

derivative tools, but polyacrylamide (PAM) and Supply Chain 

Response Matrix (SCRM) are mostly used in agroindustry to 

classify value-added time of processes and illustrate the supply 

chain cumulative inventory of a company. The result of this study 

shows that the Indonesian Arabica coffee industry could reduce its 

cycle time by 57%, lead time by 63%, and changeover time by 

50%. In addition, the recommendations result in the involvement 

of only 2 people during the drying process and eliminate the non-

value-added time, while improving the overall production 

efficiency and capacity.    

Keywords— Coffee industry; Lean Manufacturing; Value 

Stream Mapping; Process Activity Mapping; Supply Chain Response 

Matrix. 

I. INTRODUCTION  

Arabica Coffee is one of the superior commodities in 
Indonesia which has a high degree of global competitiveness. 
The concept of sustainability has been stressed to build an 
environmentally friendly industry. The lean manufacturing 
approach is a concept that can support a company to improve its 
production performance by eliminating its waste. There are 
seven types of waste mostly recognized as a form of production 
inefficiencies, such as defect, overproduction, waiting time, 
transportation, inventory, motion, and excess processing [1]. For 
the past two years, the company has suffered from product 
defects in inventory as it incurs an inventory cost of 
approximately $2000 per year, and the production machine 
inefficiency extends the lead time by two to three times a day 

and therefore affects the service level received by customers. If 
those inefficiencies remain unsolved, then the company will face 
business failure. 

In coffee company, there are several steps of production 
ranging from sorting, washing, pulping, fermentation, drying, 
hulling, to packaging [27]. The tool with the lean manufacturing 
concept can be used to detect waste by illustrating the process 
called Value Stream Mapping (VSM) [2][3]. Several studies 
have discovered the benefit of VSM in reducing production lead 
time, cycle time, work line, and the necessity for manpower [4] 
[5]. 

However, VSM cannot classify the time based on a product’s 
value proposition. Therefore, it has to be supported by process 
activity tools, as the basis to supply chain response matrix and 
inform inventory cumulative to involved actors throughout the 
supply chain [6].  

This paper aims to eliminate waste in the coffee agroindustry 
to elevate customer satisfaction by improving the efficiency of 
coffee production using VSM, Process Activity Mapping 
(PAM), and Supply Chain Response Matrix (SCRM) 
approaches. 

II. LITERATURE REVIEW 

A. Lean Manufacturing Concept and Tools 

Lean manufacturing is a concept of waste elimination in the 
industrial sector. It aims at improving business performance 
while increasing customer satisfaction. By maintaining business 
effectiveness and efficiency as well as environmental 
consideration, the company will earn higher profit, prevent risks, 
and maintain its continuity [7,28]. Only a few companies are 
taking this step because this approach depends on the 
leadership's commitment to ensuring quality management [8].  

Generally, there are several lean manufacturing tools known 
as managing transport, inventory, motion, waiting time, over-
processing, overproduction, and defects waste such as 5S, VSM 
Total Productive Maintenance (TPM), Kaizen Blitz Events, 
Kanban, Just in Time, Setup Reduction, Poka Yoke and Value 
Stream Analysis Tools (VALSAT) [9] [10].  
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B. Value Stream Mapping 

The VSM is a popular tool in lean manufacturing approach. 
It is used to determine business streams (information, and 
material), activity, lead time, resources, manpower use, takt 
time, and uptime of a business [11]. These strategies are mostly 
used to visualize the business process and identify waste through 
inefficient time through the current state mapping of VSM. 
Current state mapping will serve as the basis of company 
evaluation, and then the company will create a strategy to 
improve its performance which will be represented in 
future/proposed state mapping of VSM.  

Several steps should be done to implement these tools [12]: 
(1) The first step is to identify the targeted products or services 
and determine the third party (supplier and distributor) related to 
the coffee company; (2) The next step is drawing the current 
mapping which shows the current process, delays, and required 
information concerning how the coffee is delivered to the 
customer (including the production process from raw material 
until finish product); (3) Third, it is imperative to analyze and 
evaluate the current state mapping in terms of waste selection 
and the strategy for eliminating the waste; (4) The fourth step is 
to draw the future map of VSM as it represents implemented 
recommendation on business process; (5) Eventually, it is 
important to maintain the continuous improvement through 
process efficiency. 

C. Value Stream Analysis Tools 

Other than VSM, VALSAT has arisen as a decent 
complementary strategy to draw and identify industrial waste. 
However, VALSAT shows stronger detail in classifying the 
stages into value-added, non-value-added, and non-value-added 
activities classification [1]. Before the whole process is 
accomplished, those stages will be divided into several types of 

activity such as operation (), delay (D), transportation (), 

storage (), and inspection (). One of the VALSAT tools is 
called PAM (Table I). 

TABLE I.  PROCESS ACTIVITY MAPPING 

Activities 
Type of Activity 

 D    

Activities 1 … … … … … 

Activities 2 … … … … … 

Activities 3 … … … … … 

 

After listing the process stage and classifying the activity, 
the next stage is accumulating the inventories of all related 
supply chain actors using another tool of VALSAT called 
Supply Chain Response Matrix (SCRM). SCRM is mostly used 
in manufacturing to figure the longest leading time taken by 
supply chain actors and reduce the lead time as well which will 
affect the service received by customers. Some companies use 
these tools combination to support their lean concept [6] [13]. 

At the outset of the research activity, the observation of the 
coffee industry products and organizational backgrounds was 
conducted. The observation focused on evaluating the tangible 

waste of the coffee industry. After that, literature review was 
carried out to find to eliminate the waste and improve business 
performance through efficiency improvement. There were some 
stages after accomplishing the literature review, such as 
collecting data on the waste and proposing recommendations.  

To identify the waste, an interview with the coffee company 
was carried out to observe some tangible waste deemed 
impactful to the business. The next step was identifying the 
coffee industry processing in how the raw material (coffee seed) 
turned into the green bean and then recording the time required 
in every stage to create the current state mapping using VSM. 
After that, the waste was identified using the time classification 
of Process Activity Mapping and Supply Chain Response 
Matrix as the basis to develop the inventory waste. 

D. Value Stream Mapping 

There are several types of the time visualized in VSM, such 
as cycle time, changeover time, uptime, available time, takt time, 
and lead time. The definition of each time is hereby presented 
[4] [14]: 

• Cycle time is the time needed to work in one lap process. 

• Changeover time is the time between the first run of a 

production of a product to the second one. 

• Available time is the amount of time needed by a 

company to complete the whole process in a day. 

• Lead time is the accumulation of the whole activity time 

for all processes. 

• Takt time is the operation time used in every unit of 

product. 

• Uptime is the percentage ratio of the processing time 

against available time, as expressed in (1). 
 

𝑈𝑝𝑡𝑖𝑚𝑒 =
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑡𝑖𝑚𝑒 − 𝐶ℎ𝑎𝑛𝑔𝑒 𝑜𝑣𝑒𝑟 𝑡𝑖𝑚𝑒

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑡𝑖𝑚𝑒
 

 

E. Waste Analysis 

  VSM aided in observing the waste. The next step is waste 
analysis to determine how to manage it properly. Moreover, it is 
important to think about effective and efficient 
recommendations for future practice and eliminating waste to 
make the future VSM more efficient. 

F. Recommendations for Future VSM 

The coffee company needs to ponder future VSM. This can 
help the company to realize how efficiently the process works. 

G. Cost Analysis 

Lastly, there is an accumulation of budgeting to find out how 
much a coffee company needs to invest on the recommendation 
to gain more benefits for his company. 

III. RESULTS AND DISCUSSION 

This research project aimed to analyze waste in the current 
condition and determine ways to mitigate waste in the future. 
Therefore, it starts with VSM current mapping and ends up with 
the projection of future VSM which will visualize the efficiency 
of business operations. 

(1) 
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A. VSM Current State Mapping 

The data on current state mapping was the available time of 
five hours. The production of green bean coffee was divided into 
eight steps (sorting, soaking, pulping, fermentation, washing, 
drying, hulling, and packaging). Every single step was analyzed 
to discover its cycle time and the overall changeover time. This 
small-medium coffee industry processes approximately 125 kg 
of coffee fruit on average per day during 4 months of harvest. In 
total, the annual production capacity is 15 tons. The yield 

obtained is in a ratio of 6 kg coffee cherry and 1 kg green bean, 
resulting in a total annual yield of 2.5 tons of green bean. 
Moreover, this coffee processing has been established for 20 
years and always complied with the process standard directed by 
the local government and research center. However, there were 
slight inefficiencies identified at certain phases that would be 
visualized by the current VSM. 

 

 

 

Fig. 1. Current SVM 

Based on Fig. 1, the first production step was harvesting 
which requires 360 minutes. With 3 people working, it took 20 
minutes to transport the coffee fruit to the production station. 
The farmer had been educated to harvest the ripe coffee fruit 
indicated by the red color of the fruit. Picking up the red coffee 
fruit positively affected the whole process, especially in the 
pulping process, and aided in identifying coffee fruit with 
defects [15]. When the pulping process was properly managed, 
the resources would be utilized efficiently. The harvested coffee 
fruit then would be transported to the sorting station.  

It took 8 minutes to set up the sorting machine and 
approximately 26 minutes in the sorting process before the fruits 
were conveyed to the soaking area. The sorting process was 
done to remove dirt and twig mingled in the harvest bag, and 
also to separate the unripe coffee fruits accidentally taken with 
the ripe ones. However, the unripe coffee fruits would be 
processed as a natural bean by dry process. The ripe fruits were 
then soaked to separate empty fruits (defect) from ripe ones 
before the pulping process.  

The pulping process took 15.5 minutes to remove the skin 
from the coffee bean. The pulp-covered beans were then moved 
to a vessel to start the fermentation process which took 24-36 
hours. However, the industry only took 25.3 hours. The 
fermentation ended when the pH of beans was 4.6 and the pulp 
was fully released from the bean [16]. Afterward, the coffee 
beans were washed to prevent a longer fermentation.  

The washing process needed 30 minutes and 2 people were 
involved because of the manual mechanism. Actually, the 
industry owned a broken coffee washer machine yet it had been 
left unrepaired due to the absence of routine maintenance. The 
machine maintenance could improve the productivity and 
profitability rate of industrial operation as well as effectiveness 
and efficiency of the industrial operation, [17] while minimizing 
the risk on product quality.  

After washing, the coffee beans were dried by sun drying for 
7-10 days. In this industry, sun drying took 8.7 days to gain   11-
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12% moisture. This rate could prolong the shelf life and ease the 
hulling process of beans.  

Lastly, the hulling process taking 22.7 minutes was done to 
remove the coffee parchment from the beans. The coffee beans 
were then packaged using plastic bags in a small amounts and 
using plastic sacks in a big amounts to safely keep the beans 
from any physical, chemical, and biological defects. In the end, 
coffee beans were shipped within 3 days to the consumer, as 
illustrated in Table II. 

TABLE II.  CURRENT VSM 

Component Resources required 

Total lead time 24,990 minutes 

Manpower 6 workers 

Total cycle time 14,108 minutes 

Non-value-added time 0.3% 

 

 

Table II describes a higher amount of lead time compared 

to its cycle time. The analysis identified 10,882 minutes of 

unprocessed time. It happened because the drying process was 

difficult to predict due to the volatile climates. Moreover, the 

unused machine and the dependence on manpower reduced the 

efficiency and thus extended the cycle time. Hereunder are the 

data displaying changeover time of the entire green beans 

processing. 

 

 

 

 

TABLE III.  CURRENT CHANGEOVER TIME 

Production Stage Time (Minutes) 

Sorting 0.7 

Soaking 0 

Pulping 0 

Fermentation 15 

Washing 5 

Drying 10 

Hulling 5 

Packaging 0.1 

Total Changeover Time 35.8 

 

Table III illustrates the changeover time of all processes. In 

total, the production required 35.8 minutes to accomplish a 

changeover from all processes. The biggest changeover time is 

identified in fermentation which is necessary to manage coffee 

quality. The other time is the washing process because it needs 

to fill out the other vessel to wash fermented beans. Afterward, 

drying takes 10 minutes to move all of the washed beans into 

the drying basket. Such detailed analysis clearly shows how 

important it is for the company to ensure efficient processing 

efficiency through activity mapping. 

B. Process Activity Mapping 

Process activity mapping is mostly used to describe and 

classify every activity whether a certain process is valuable or 

not. PAM will divide the time by activity type. There are 29 

activities in coffee industry as shown in Table IV. 

 

TABLE IV.  ACTIVITY MAPPING 

Code Activity Duration O D T S I Category 

1 Harvesting preparation 00:30:00   ✓       NVA 

2 Harvesting departure 00:19:42     ✓     NNVA 

3 Harvesting 1 03:32:05 ✓         VA 

4 Resting time  00:22:01   ✓       NVA 

5 Harvesting 2 03:06:03 ✓         VA 

6 Weighing 00:06:14         ✓ NNVA 

7 Departing back  00:22:12     ✓     NNVA 

8 Coffee fruit transfers 00:04:10     ✓     NNVA 

9 Vessel soaking filling  00:08:22   ✓      

NVA 
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TABLE IV. CONTINUE 

10 Sorting process 00:25:28         ✓ VA 

11 Pulping machine set up 00:05:42   ✓       NVA 

12 Transferring coffee fruit to soaking area  00:03:18     ✓     NNVA 

13 Soaking process 00:08:37 ✓         VA 

14 Transferring clean coffee fruits to pulping station 00:04:57     ✓     NNVA 

15 Pulping process 00:15:27 ✓         VA 

16 Transferring clean coffee fruits to fermentation station 00:01:08     ✓     NNVA 

17 Sorting pulped beans 00:30:32         ✓ VA 

18 Fermentation process 23:21:24 ✓         VA 

19 Vessel washing filling  00:06:29   ✓       NVA 

20 Post-fermentation washing 00:30:28 ✓         VA 

21 Transferring clean fermented coffee beans to drying station 00:07:31     ✓     NNVA 

22 Drying process  208:00:00 ✓         VA 

23 Storing parchment coffee  00:28:17       ✓   NNVA 

24 Transferring parchment coffee to hulling station 00:03:37     ✓     NNVA 

25 Hulling process 00:22:42 ✓         VA 

26 Sorting green bean  00:23:08        ✓ VA 

27 Transferring green bean to packaging station  00:03:30    ✓     NNVA 

28 Packaging 00:05:01 ✓         VA 

29 Inventory management 1 Week       ✓   NNVA 

Total time in minute 24,707 

Total time in hour 412 

Table IV shows the information of some activities classified 

into value-added, non-value-added, and necessary but non-

value-added. The classification is further visualized in Fig. 2. 

Fig. 2. Percentage Time of PAM 

Figure II describes several details in the processing line in 
the coffee industry, such as 58.46% value-added time,  41% 
necessary but non-value-added time, and 0.30% non-value-
added time. Non-value-added time is generally known as waste 
which must be eliminated. Moreover, PAM can visualize the 

overall coffee industry which comprises of 58.13% operational 
time, 40.92% storage time, 0.3% transportation time, 0.35% 
inspection time, and 0.3% delay time. Delay time should be 
eliminated because it does not contribute to product value and 
processing efficiency. 

C. Supply Chain Response Matrix (SCRM) 

In this case, supply chain response matrix specifically aims 

at understanding the supply chain actors and its cumulative 

inventory. Based on SCRM, the company expects to increase 

its efficiency in the inventory management as it influences the 

overall processing cost. 
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Fig. 3. Supply Chain Response Matrix 

 

There are some actors |involved in the supply chain of the 

coffee industry, such as suppliers or farmers (Fig. 3). The 

supplier has a role as a coffee cultivator and coffee fruit 

provider for the coffee industry. The supplied coffee will be 

processed in the industry for about 8.6 days. However, the 

industry may set 14 days of lead time to anticipate the 

uncertainty during the drying stage. Then, the coffee will be 

stored at a warehouse for a week. The distribution usually takes 

place for 2 days, but the coffee industry sets 4 days of lead time 

to anticipate a future delay. Therefore, it is clear that the work 

in process and storing stage take most of the processing time 

because of the drying process and slow marketing line. 

 

D. Waste Analysis 

The waste analysis is vital to describe the waste resources and 

how to manage them properly. Several waste have been 

discovered in the coffee industry. However, waste analysis is 

subject to individual industry characteristics because every 

industry is not solely bound to the standard set by the 

government.   The waste analysis contributes to the 

improvement of the overall business performance (Table V). 

TABLE V.  WASTE ANALYSIS 

Waste Type Cause Management 

Defect • No extra inspection at 

harvesting 

• Manual washing  

• Less maintenance of 

machine and tools   

• Conducting Harvest 

time inspection  

• Fixing the washing 

machine  

• Running regular 

maintenance for 

machine and tools  

Waiting • Unprepared 

production 

• No specific daily 

scheduling  

• Setting earlier schedule 

before production  

• Determining daily 

production schedule  

Inventory • Overproduction made 

the inventory bulky  

• Fasten the selling rate 

 

Motion • Disposition of pulping 

process 

• Lower the pulping 

machine position 

Excess 
Process 

• Less maintenance of 

hulling and pulping 

machine and tools.   

• Routine maintenance of 

machine and tools 

maintenance 

Transportation • Drying station and 

hulling station 

distance about 7 

meters 

• Move the hulling 

machine near the 

drying station 

 

Table V documents six waste related to the coffee industry, 

namely defect, waiting, inventory, motion, excess process, and 

transportation.  Each of these has to be eliminated to reduce loss 

and increase the industry profit. This waste analysis would be 

the base for proposing recommendations for improving the 

overall performance and efficiency of coffee processing.  

 

E. Recommendation and Future VSM 

The recommendation can be stated based on VSM, PAM, 

SCRM, and the results of the waste analysis. VSM has made it 

clear that the biggest time is devoted to the drying process. 

Therefore, it would be better if the company invests in a drying 

machine to reduce its dependence on climate conditions. Sun 

drying is done until the bean moisture reaches 42%, which takes 

approximately 3 days, and then followed by the use of a drying 

machine with 20-45 kilograms capacity and 3 hours of drying 

[18]. The temperature is also controlled at 60oC to reach the 

expected moisture content of 11-12% and to maintain the 

quality. The machine needs 1.5 kg of gas to power the drying 

process. By contrast, modern technology can improve industry 

productivity, reduce the cost of manpower and material, and 

reduce potential waste [19][20].  

Instead of involving two people in the washing process, the 

use of one person combined with a washing machine may help 

to dry 1500 kg of beans per hour. This combination only takes 

6 minutes of washing each day. In consequence, the business 

must maintain the machine to prolong its durability, maintain 

the product quality, and fasten the process. Maintenance should 

not be seen as a burden for the business, yet rather as a regular 

investment to maintain product performance and increase 

competitiveness by reducing costs and providing better services 

[17][21]. 
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Fig. 4. Supply Chain Response Matrix 

 

The industrial layout also affects the efficiency of each 

process. Each industry needs to consider the layout based on its 

manufacturing process. In this case, the hulling process must be 

closer to the drying process station to reduce the risk of loss 

during transportation. In general, the more transportation is 

involved, the higher the risk of production loss. Therefore, 

shortening transportation lines would be the best solution to 

prevent losses [22][23].  

Production preparation also plays an important role in the 

production process. This preparation will start with creating a 

production schedule. The production technically requires setup 

time to reduce the changeover time and speed up the cycle time. 

Thus, the processing time will increase and make up the largest 

part of the total production time. By making a production 

schedule and setting time, productivity will increase and the 

uncertain process will be nullified while avoiding potential 

waste [24][25].  

Lastly, keeping too many products in the inventory 

decreases product quality and increases the inventory cost. To 

date, the industry has applied the FIFO (First In First Out) 

concept. However, it cannot speed up the product movement. 

As such, the company needs to sell its products through e-

commerce, social media, and door-to-door café selling. E-

commerce can be a shortcut for the agroindustry supply chain 

to reach its customer, especially during the pandemic [26]. To 

understand the impact of these recommendations, future VSM 

should take into account the proposed recommendation as seen 

in Fig. 4. Future VSM has illustrated a more efficient process 

compared to the current one. 

TABLE VI.  FUTURE VSM RESULT 

Component  Value 

Total lead time 24,990 minutes 

Manpower 6 workers 

Total cycle time 14,108 minutes 

Non-value-added time 0.3% 

 

Table VI shows that the lead time has decreased from 24,990 
minutes to 9,120 minutes; manpower is reduced from 6 to 4 
workers; total cycle time falls from 14,108 minutes to 6,104 
minutes, and non-value-added time is nullified. 

TABLE VII.  CHANGEOVER TIME IN FUTURE VSM 

Production Stage Time (Minute) 

Sorting 0,7 

Soaking 0 

Pulping 0 

Fermentation 15 

Washing 0 
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Drying 0 

Hulling  2 

Packaging 0,1 

Total changeover time 17,8 

 

Subsequently, the changeover time in future VSM illustrates 
the accumulation of changeover time in every production station 
where the reduction time occurs in the washing, drying, and 
hulling process (Table VII). The use of a washing machine and 
drying machine will make the changeover time more efficient. 
This is because the maximum production capacity has been 
achieved by the use of machines. The hulling process will take 
only 2 minutes because of the shorter distance taken to transport 
the green bean to the hulling station. 

F. Cost Analysis 

The cost analysis determines the required cost to apply the 

recommendations which are geared to the same purposes. 

These involve preventing waste and bottlenecks during 

production, preventing transportation problems from the 

harvesting point to the processing point, and fastening the 

drying process regardless of weather conditions. The cost 

analysis is displayed in Table VIII, which also describes the 

necessary investments. 

TABLE VIII.  COST ANALYSIS 

No. Recommendation Cost 

1 Machine maintenance/year 
200,000 IDR 
(13.80 USD) 

2 
Transportation 

maintenance/year 

300,000 IDR 

(20.70 USD) 

3 Drying machine investment  
20,000,000 IDR 

(1,379 USD) 

 Total Cost 
20,500,000 IDR 

(1,413.50 USD) 

1 USD = 14.500,- IDR 

The table above shows that the biggest cost lies in the drying 
machine investment, reaching 1,379 USD. This investment will 
nullify the need to wait for 7 to 10 days to dry out the fermented 
coffee. Instead, the drying machine will require only 3 hours to 
reach the same drying quality, meaning a shorter production 
process. By implication, this reduces the dependence on 
manpower while allowing the company to elevate production 
efficiency and capacity. In total, the recommendation will cost 
1,413.50 USD (Table VIII). 

CONCLUSION  

The results of lean analysis using VSM and VALSAT have 

concluded that recommended strategies will improve the 

overall production efficiency. This is indicative of reduced 

manufacturing lead time by 63%, cycle time by 57%, and 

changeover time by 50.2%. In addition, the recommendations 

result in the involvement of only 2 people during the drying 

process and eliminate the non-value-added time. These 

recommended strategies cost the small-medium coffee industry 

1,413.50 USD. 
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