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ABSTRACT

The commercialization of the açaí fruit has increased considerably since the 1990s, boos-
ting demand and the price of the fruit as well as attracting new investments in the açaí 
pulp processing industries to the northeastern region of the State of Pará. Therefore, this 
study aims to use the principles and methods of Lean Six Sigma to propose improvements 
to the açaí pulp processing process. These improvements aim to reduce machine downti-
me to provide the company with greater profitability and the development of continuous 
flow. First, a literature study was carried out to understand the methodologies of Lean 
Manufacturing and Six Sigma and how they complement each other. Then we used the Six 
Sigma method, DMAIC, with the Define, Measure, and Analyze phases. In this phase, the 
main reasons were identified and the percentage of stoppages that each one represents 
on the line, such as lack of product in the process area (33.75%), lack of production order 
(23.91%), change of laminates and coils (12.7%), cleaning before production (7.49%), and 
mechanical breakdown or failure (7.35%), which together account for 85.2% of the line’s 
total stoppages. Therefore, an action plan was proposed for each reason identified to re-
duce or eliminate it. The main limitations of the research were the lack of a qualified team 
and a centralized organizational culture that would allow faster data analysis. Some of 
the main practical implications include statistical methods for decision-making in the açaí 
agro-industry, a sector that has sought to professionalize its management and improve 
the supply of its products.

Keywords: Açaí industry; Lean Six Sigma application; Downtime reduction; Flow.
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INTRODUCTION

In an increasingly competitive environment, organiza-
tions in various sectors constantly seek to improve their pro-
cesses, making them more efficient. This continuous search 
for improvement has forced companies to find methods 
capable of managing and guaranteeing the quality of their 
products and/or services. This scenario is no different for the 
food industry. According to Costa et al. (2018), the global 
food industry faces several challenges that force companies 
in this sector to improve their productivity and quality stra-
tegies to remain competitive. In this context, açaí fruit is one 
of the most relevant products of national extractivism and 
one of the main contributors to highlighting the biodiversity 
of the Amazon rainforest. In terms of the national market, 
the country’s northern region concentrates most of the açaí 
production, with Pará and Amazonas accounting for 87.5% 
of the total, with the state of Pará being the world’s largest 
producer, having doubled its production in the last ten years, 
and Brazil’s largest exporter, followed by Amazonas (Conab, 
2019). Researchers and operators in the sector point to cri-
tical factors for the competitiveness of the Amazon in açaí 
production and processing, especially considering the emer-
gence of plantations in other tropical areas. According to 
Fernandes and Almeida (2022), balanced production com-
bined with sustainable planning is the key to açaí becoming 
one of the most commercialized fruits in the country. There-
fore, companies in the segment need to invest in verticaliza-
tion and crop expansion strategies.

Lean Manufacturing, also known as the Toyota Produc-
tion System, aims to reduce waste in the production pro-
cess, thus improving quality and reducing production time 
and, consequently, production costs. Lean uses several tools 
such as 5S, Bottleneck Analysis, Kaizen (Continuous Impro-
vement), PDCA, Poka-Yoke, Root Cause Analysis, SMART ob-
jectives, Just-in-time, and Takt Time. The tools can be com-
bined according to business type, such as lean startup, lean 
healthcare, and lean Six Sigma (Ferreira, 2018).

In this way, lean provides a relevant framework for im-
proving efficiency by reducing waste, i.e., operations that 
are unnecessary, excessive setup times, unreliable machines 
that can be made more reliable, rework that can be elimi-
nated, and others (Costa et al., 2018). Six Sigma is a statis-
tical approach that seeks to identify and eliminate defects, 
reduce process variability, reduce production costs, improve 
product quality, and reduce defects (Cruz, 2021) using the 
DMAIC methodology. This methodology can be improved 
and structured as a diagnostic model for problem solving 
(Bugor and Lucca Filho, 2021). Lean Six Sigma combines the 
speed strategy and cultural and organizational processes of 
Lean aligned with Six Sigma statistical tools. The consequen-
ce of this fusion is that processes have higher quality and 
speed, avoiding waste and resulting in lower cost production 

(Silva and Gonzalez Junior, 2022). For Costa et al. (2018), the 
main studies encompassing the two philosophies, L and SSi, 
in the context of the food industry are mainly driven by six 
different factors: reducing process variation, reducing waste, 
improving competitiveness, reducing cost, reducing inven-
tory, and increasing process efficiency.

This study aims to propose improvements in the açaí pulp 
processing process using Lean Six Sigma principles and me-
thods. 

RESEARCH METHOD

The project was carried out in an açaí pulp processing 
company located in Brazil, in the municipality of Castanhal, 
PA. Its name or any information that could compromise it 
will not be mentioned during the work.

To conduct the study, information was initially sought 
from primary sources through unstructured interviews with 
the company’s board of directors and management, as well 
as on-site observations. The aim was to define the study’s 
context and purpose, focusing on the characteristics of this 
type of industry. By analyzing the processes and identifying 
the relationships with customers (as they are the crucial link 
in the business), the aim was to identify the main flaws that 
occur in the process and provide solutions.

The work in question was carried out using the DMAIC cy-
cle, executing the Define, Measure, and Analyze steps with 
the construction of the entire action plan. This can be imple-
mented later, as well as a brief description of what needs to 
be done to control the process.

A bibliographic survey was carried out to identify the set 
of activities that make up the DMAIC method using theore-
tical references. This provided the basis for the work, from 
how its structure to using the main tools to conduct it.

To achieve the proposed objective, the following stages 
were followed:

a)	 Define: An analysis of the seven losses of lean was 
responsible for developing the project contract, 
aligned with the company’s strategies. It defined 
the scope, justification, analysis of the chances of 
success, timetable, and targets. In addition, a SIPOC 
diagram and process mapping were drawn up to un-
derstand how the process works from start to finish.

b)	 Measure: The variables of interest to be measured 
were defined to identify the sectors and lines that 
had the most influence on the problem. Data was 
then collected from the company’s downtime recor-
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ding system and through timekeeping. Subsequen-
tly, the appropriate tools were used to process the 
data for a better understanding of the current state 
of the process;

c)	 Analyze: The problems found were prioritized, and 
solutions were generated by drawing up action plans 
to eliminate or minimize them. The analysis was car-
ried out using different quality tools, such as the Pa-
reto Diagram, the Ishikawa Diagram, and regression 
analysis. In addition, an in-depth analysis of the line 
process identified in the previous stages was carried 
out using the VSM, pointing out possible improve-
ments to the process. Finally, an action plan was 
created to solve the main problems identified.

RESULTS AND DISCUSSION

Define stage

It was found that the main problem is related to the 
downtime of labor, parts, equipment, products, and infor-
mation throughout the process, resulting in an inefficient 
flow. Specifically, the project scope is centered on the machi-
ne stoppages that prevent the factory from reaching its daily 
production targets. Currently, production occurs without 
rhythm and in a pushy manner, with no standard setup time 
or maximum machine downtime. As a result, many stoppa-
ges occur during production, preventing the main process—
filling—from taking place on time.

The project aims to raise the level of utilization of the 
factory’s production capacity, identify the activities that do 
not add value to the product, and, with this, draw up an 
action plan to minimize machine downtime, increasing pro-
ductivity, providing the shop floor with a continuous produc-
tion flow, and reducing costs. 

Thus, the Project Initiation Agreement (PIA) was initially 
developed, establishing the commitment of the implemen-
tation team to the company and vice versa, as shown in 
Chart 1.

It is worth noting that the TAP has undergone some chan-
ges during the project: due to difficulties in accessing certain 
information, some variables could not be quantified more 
precisely, and the contract was realigned as the Measure 
phase was carried out.

Next, to better understand the process, the SIPOC Dia-
gram (Figure 1), which outlines the basic process elements, 
was drawn up.

As the company’s estimates reflect an increase in its 
production and sales volumes over time, it is necessary to 
analyze and understand the general flow of the process to 
subsequently establish the flow of the value chain and eli-
minate and/or reduce activities that do not add value to the 
product. A process flowchart (Figure 2) was drawn up for 
a better understanding of the stages following the process.

If the product is to be reprocessed in the off-season, it is 
removed from the packaging and crushed in the ice breaker 
to restart the pasteurization process.

During this process, many problems influence the 
operation’s low efficiency, especially concerning machine 
downtime. To quantify this problem, we analyzed data on 
machine downtime from April 2018 to October 2019.

Measuring Stage

Upon realizing that the factory cannot meet its daily tar-
gets due to the large number of stoppages during the pro-
cess, the company has collected data to discover the rea-
son. However, the data is not transformed into information 
to visualize and understand what is happening during the 
production process. Using statistics, we hope to understand 
the behavior of the variables that impact the high rates of 
machine downtime.

The graph in Figure 3 was plotted to better visualize the 
downtime behavior over the period analyzed.

As you can see, the graph shows a peak in August in both 
years compared to the previous months, showing a signifi-
cant rise in 2019. In the period in question (the start of the 
harvest), the machines should be working at full capacity, as 
this is when demand is highest and the raw material price 
falls. A total of 2,582,227 minutes of downtime were recor-
ded.

This data refers to specific machines in certain sectors, lis-
ted in the steering diagram illustrated in Figure 4. A relevant 
factor to take into account is that the machines that produce 
mix and the icebreaker were considered separately because 
they do not have a specific sector.
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Chart 1. Project Charter

PROJECT CHARTER
PROJECT NAME: Proposal to reduce machine downtime in an açaí pulp processing company

REQUESTING AREA: Production Sector
RESPONSIBLE/SPONSOR: Strategic Manager

PROJECT MANAGER: Process Supervisor
START DATE: May 2019 END DATE: November 2019

PROJECT DATA
AIM 

Proposing improvements to reduce machine downtime in the açaí pulp manufacturing process through the Lean Six Sigma approach

CURRENT SITUATION
- On average, it takes two hours or more after the start of working hours for production to start steadily,  

causing machines to remain idle;

- Production cannot start with two or more products on a line at the same time;

- The factory has no criteria for sequencing the day’s Production Orders  
(quantity, delivery forecast, preparation time, etc.);

- The current layout does not favor continuous flow and generates more activities that do not add value to the product;

- The company is moving towards adopting lean practices;
- The process of implementing the practices needs to be aligned/structured.

PROJECT SCOPE
The data obtained from the machine downtime records will be analyzed, interpreted, and treated statistically, and then the produc-
tion process will be mapped to obtain the cycle time, rhythm, and lead time of the process. After this stage, an action plan will be 

drawn up to address the variables that directly influence shop floor productivity based on the process constraints. Actions that can be 
implemented by the organization in the short, medium, and long term will also be defined.

BENEFITS
QUANTITIES QUALITATIVE

Reduce overtime during the harvest; Less bureaucratic activities;
Reduce variation in downtime; More engaged employees;

Achieving the daily production target
Reduce cycle time and process lead time. Continuous flow in the process;

Motivated working environment.

GOALS
Reduce total machine downtime by at least 20%;

Increase the availability of the single 100 g filling line by 30%;
Finalize the project by delivering the action plan by the end of the 2019 harvest.

THE PROJECT’S MAIN STAKEHOLDERS
- The board of directors (Strategic and Operational); - Project team;

- Plant manager; - Advisor;
- Sectors (Production, Production Planning, and Control - 

PCP, Maintenance and Sales).
- University.

PREMISES RESTRICTIONS
- The team conducting the work will have access to informa-

tion;
- The entire operator team will take part in the project;

- The research will identify the value stream;

- Data collection can only begin in July (harvest);
- Analyses can only be carried out during the morning shift;
- Tests can only be carried out when there is no production;

- The project must be completed by the end of the 2019 harvest;
- The company’s name cannot be mentioned in the project.- The proposals for improvement will be presented to the 

company’s board of directors.
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WORK TEAM
  NAME DUTIES AREA/MANAGEMENT

LEADER: Process Supervisor Project management Production/Supervision

TEAM MEMBERS:

Process Analyst Analyze and process data, propose 
improvements Production

Industrial Manager Guide project and make data 
available Production/Management

Process Analyst Collect data, analyze and imple-
ment improvements Production

PROJECT SCHEDULE

Source: The authors (2023)
Legend: PHASE: Define; Measure; Analyze. ACTIVITIES: Project Opening Statement; Creation of the SIPO C Diagram; Process Mapping; Creation of a 
Data Collection Plan; Data Collection; Data Statistical Treatment; Data Analysis; Analysis of the causes of the problem; Elaboration of the VSM; Create an 
Action Plan. 2019: JUN; JUL; AUG; SEPT; OCT; NOV; DEC.

Figure 1. SIPOC Diagram 
Source: The authors (2023)
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Figure 2. Cross-functional process flowchart
Source: The authors (2023)

Figure 3. Time series graph of machine downtime
Source: The authors (2023)
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Figure 4. Sector driver diagram
Source: The authors (2023)

The downtime survey is presented by sector in the Pareto 
Diagram in Figure 5, allowing us to identify where the most 
machine downtime occurs. 

Figure 5 shows the following main lines, arranged accor-
ding to the diagram in Figure 6.

A Pareto Diagram (Figure 7) was then drawn up to prior-
itize the line that will be the focus of the work, i.e., the one 
with the most downtime records. 

The graph shows that the 100 g single line is the one with 
the longest downtime, accounting for 36.5% of the sector’s 
total. In a general analysis, this means that this line accounts 
for 24.06% of the total downtime recorded in the period, as 
shown in Figure 8.

The single 100g line consists of seven machines in the fil-
ling sector, as seen in Figure 9. 

For the analysis, the ideal would be to identify whether 
the machines show variations in downtime between them. 
However, as the line analyzed already corresponds to the 

Figure 5. Pareto diagram for sectors
Source: The authors (2023)
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Figure 6. Filling line routing diagram
Source: The authors (2023)
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Figure 7. Pareto Diagram for lines
Source: The authors (2023)

Figure 8.  Summary of times by sector and line 
Source: The authors (2023)

Figure 9. Machine guidance diagram for the 100 g single line
Source: The authors (2023)
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Figure 10. Minutes of downtime per machine 
Source: The authors (2023)

Figure 11. Control chart for machine downtime 
Source: The authors (2023)
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percentage of improvement aimed by the study, all the ma-
chines in the sector were analyzed, regardless of their beha-
vior. The graph in Figure 10 shows the distribution of total 
downtime in minutes by machine. 

 In this case, it can be seen that machine 3 has the highest 
downtime, and machines 1 and 2 have close values. On 
average, each machine has a total of 88,762.72 minutes of 
downtime. Considering the number of days each machine 
is down, this means an average of 3 hours and 42 minutes 
per day.

The data collected over the period was grouped by month 
and plotted on a control chart (Figure 11) to analyze the sta-
bility of the downtime.

The graph considered the harvest and off-season periods 
in 2018 and 2019.

Analyzing the two harvests and the two off-seasons se-
parately, the average downtime per month is 32,831.63 and 
32,607.82 minutes, respectively. These figures are very clo-
se, given that they are completely different periods in terms 
of the number of orders and production volume. This crea-
tes the false impression that the machines are being used 

more during the harvest period when, in fact, the average 
idle time is close to that of the off-season.

Analyzing Stage

First, brainstorming was carried out to identify the pos-
sible causes, according to material, method, machine, and 
workforce.

When a machine stops, the employee records the 
downtime and specifies the reason. It is worth noting that 
a stoppage may not only be related to mechanical and/or 
electrical faults or defects. Various factors can influence 
this interruption, especially those related to the process. 
The various reasons recorded were grouped and/or con-
solidated for better analysis and are shown in the Ishikawa 
Diagram in Figure 12.

Figures 13, 15, and 17 show the Pareto Charts for prioriti-
zing the reasons for downtime in general, in the harvest, and 
in the off-season, respectively.

A multiple regression analysis was carried out to validate 
the data and check whether the variables really do affect the 

Figure 12. Cause and Effect Diagram for Machine Downtime 
Source: The authors (2023)
Legend: Material: Shortage of product from the process area; MP quality problems; Shortage of packaging; Packaging quality problems; Material 
shortage on the line; Material supply failure. Labor: Lack of training; Operational failure; Unforeseen shortage of operators. MACHINE BREAKDOWNS.  
Methods: Measurement and quality adjustments; Waiting for the physical-chemical analysis of the product; Validation of cleaning by quality; Product 
changeover; Lack of production order. Machines: Breakage - Electrical failure; Unscheduled repairs; Breakdown - Mechanical failure; Cleaning before 
production; Change of laminates/coils.
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problem. According to Figures 14, 16, and 18, the analysis 
was carried out for the five priority causes found in Figures 
13, 15, and 17, and the —H0 (there is no relationship) — 
and alternative — H1 (there is a relationship) — hypotheses 
were defined.

The reasons that have an influence on the periods analy-
zed are those highlighted in gray since the F significance va-
lue and the P value are lower than 0.05. Therefore, the null 
hypothesis (that no relationship exists) should be rejected 
with a 95% confidence level.

The same analysis will be made for the harvest and off-
-season graphs in Figures 15 to 18.

When only the harvest period is analyzed (Figure 15), the 
graph shows that the five main causes of downtime are lack 

of product in the process area (31.39%), change of lamina-
tes and coils (24.11%), breakage due to mechanical failure 
(12.07%), lack of production order (7.87%), and cleaning 
before production (7.75%). Together, they accounted for 
83.19% of the downtime in the period.

The regression analysis shows that only the lack of pro-
duct in the process area, the change of laminates and coils, 
and breakage due to mechanical failure have an influence.

When the off season period is examined separately (Figu-
re 17), the graph shows that the five main causes of downti-
me are lack of a production order (52.70%), lack of product 
in the process area (18.44%), cleaning before production 
(7.30), changing laminates and coils (4.35%), and breakage 
due to mechanical failure (3.89%). Together they account for 
86.68% of the downtime in the period.

Figure 13. Pareto diagram for reasons for total downtime 
Source: The authors (2023)
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Figure 14. Multiple regression analysis for the total period
Source: The authors (2023)
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Figure 15. Pareto diagram for reasons for harvest stoppages 
Source: The authors (2023)
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Figure 16. Multiple regression analysis for harvest
Source: The authors (2023)

Figure 17. Pareto Diagram for reasons for downtime in the off-season 
Source: The authors (2023)
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ANOVA
gl F F for meaning

Regression
Residual

Total

5
5

10

625.926 5.51081E-07

Coefficients P-value 95% lower

Intersection
Missing production order

Product missing from process area
Change of laminates/coils

Cleaning before production
Breakage - Mechanical failure

1545.15152
0.983851407
1.06389043

1.179591508
2.304875529
0.474084419

0.19309
3.37E-06
0.006158
0.324033
0.001637
0.507748

-1097.040165
0.870402958
0.461749047
-1.593356622
1.343484021
-1.235211101

Figure 18. Multiple regression analysis for off-season
Source: The authors (2023)

Figure 19. Driver diagram for reasons by period 
Source: The authors (2023)
Legend: 100g Single Line - 621,339 min: Lack of product in the process area - 33.75%; Lack of production order - 23.91%; Change of laminates and coils 
- 12.70%; Cleaning before production - 7.49%; Breakage due to mechanical failure - 7.35%. Harvest - 42.27%: Product shortage in the process area - 
31.39%; Change of laminates and coils - 24.11%; Breakage due to mechanical failure - 12.07%. Off-season - 57.73%: Lack of production order - 52.70%; 
Lack of product in the process area - 18.44%; Cleaning before production - 7.30%

In summary, the diagram in Figure 19 shows the analysis 
discussed above, in which the single 100 g line is responsible 
for 24.06% of the total downtime. Of this, 42.27% (262,640 
min) corresponds to the harvest period, and 57.73% 
(358,699 min) corresponds to the off-season.

To minimize and/or eliminate the five problems highligh-
ted, action plans were drawn up for each one. 

ACTION PLAN

Given the data collected and the identification of the pro-
blems highlighted, action plans were developed for lack of 
production order (Chart 2), change of laminates and coils 
(Chart 3), cleaning before production (Chart 4), breakage 
due to mechanical failure (Chart 5), and lack of product in 
the process area (Chart 6). Current and future VSMs were 
also made for this problem, as shown in Figures 20 and 21.
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Chart 2. Action Plan for Missing Production Orders

Objective: To reduce 23% of the downtime on the 100 g line for this reason, for the harvest and the off-season. 
WHAT? HOW? WHERE? WHEN? WHO? WHY?

1 Develop new 
products 

Through customer research, 
monitor products on the 

market that meet customer 
needs and are profitable for 

the company.

In the qua-
lity sector

Continuously/until 
the stipulated factory 
occupancy levels are 

reached

Marketing Director, 
Quality Manager, 

Sales Manager, and 
R&D Assistant 

For better line 
use in the off-

-season

2

Allocate or 
outsource the 

line to fill other 
products

Seek partnerships with compa-
nies interested in producing or 
using the line to fill outsourced 

products

Production Until the beginning of 
the next off-season

Strategic and ope-
rational director, 

industrial manager, 
and production 

and PCP managers

Keeping the line 
in operation, 

even when there 
is no production 
in-house or from 
its signed clients

3

Expand the 
market and 

develop new 
clients to in-

crease demand 
(commercial 

sector)

Through a plan to increase the 
client portfolio and, conse-
quently, demand. Seek out 
new partners at trade fairs; 

Develop current customers so 
that they increase their orders

Commercial 
and Marke-
ting Sectors

Continuously/until 
the stipulated factory 
occupancy levels are 

reached 

Sales manager and 
coordinator and 
marketing team

Increasing 
demand for pro-

ducts that use 
this line in the 

off-season

Source: The authors (2023)

Chart 3. Action Plan for Changing Laminates and Coils

Objective: Reduce downtime by 12% on the 100 g line for this reason for the harvest and the off-season.
WHAT? HOW? WHERE? WHEN? WHO? WHY?

 1

Draw up standard 
operating procedures for 
changing laminates and 

coils

On site, observe how the 
procedure is carried out, 
talk to those involved to 

gather information, break 
it down into stages and 

time the individual execu-
tion times, as well as the 
order and frequency in 

which they should occur. 

In production
Until the 

end of the 
harvest

Process manage-
ment team

Establish standard chan-
geover times to reduce 

the time consumed

2 Train operators according 
to the Packaging Manual

According to standard 
procedure

In the training 
room and the 

shop floor

In the off-
-season

Process manage-
ment team

Ensure that operators 
carry out the established 
procedure correctly and 
that cleaning is carried 

out in less time

3

Analyze the feasibility of 
working with rolls of film 
(packaging) by modifying 
the compartment where 

the reels are placed in 
the fillers

The maintenance team 
must conduct this analysis 

and carry out the tests 
needed to make this 
action feasible or not

In mainte-
nance

Until the end 
of January

Maintenance 
team and process 
and quality mana-

gement

Reduce the amount and 
time spent changing 

packaging

Source: The authors (2023)
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Chart 4. Action plan for cleaning before production

Objective: To establish a standard cleaning time of one hour for the harvest and the off-season.
WHAT? HOW? WHERE? WHEN? WHO? WHY?

1

Draw up a Stan-
dard Operating 

Procedure for the 
cleaning process

In loco, observe how the procedure 
is carried out, talk to those involved 
to gather information, divide it into 

stages, time the individual execution 
times, and the organize and fre-

quency in which they should occur. 
Analyze which activities add value 
and eliminate those that do not.

In production January/2020

Process 
management 

team and 
quality sector

Establish a standard 
cleaning time (1 hour) 
to reduce the time this 

activity consumes

 2

Train operators 
according to the 

established Clean-
ing Manual

According to standard procedure
In the training 
room and on 

the shop floor

At the end of 
the harvest

Process 
management 

team

Ensure that oper-
ators carry out the 

established procedure 
correctly, cleaning in 

less time

Source: The authors (2023)

Chart 5. Mechanical Breakdown Action Plan

Objective: To establish a standard cleaning time of 1 hour for the harvest and the off-season.
WHAT? HOW? WHERE? WHEN? WHO? WHY?

1
Apply the pre-

ventive mainte-
nance plan

As established by the PCM team 
and manufacturer’s guidelines At the factory

In the off-
-season 

(January to 
June)

Process manage-
ment team

Ensure that the down-
time rate due to me-
chanical breakdowns 
or failures decreases, 

avoiding corrective 
maintenance

2

Create an ins-
pection routine/
checklist for the 
Preventive Main-

tenance Plan

With the plant’s leadership, 
draw up a checklist that includes 

the preventive maintenance 
schedule, the people responsible 
for carrying it out in each sector, 
and the plan’s implementation 

according to the established 
schedule. 

In the factory 
and in mainte-

nance

At the end 
of the har-

vest

Process manage-
ment team

Ensure that the pre-
ventive maintenance 

plan is carried out

3
Carry out machi-

ne breakdown 
analysis

Apply a PDCA to specifically in-
vestigate machine breakdowns

Maintenance, 
operators, and 
process team

At the end 
of the har-

vest

Process manage-
ment team

Identify, correct, and 
control downtime for 

this reason

4

Train operators 
to carry out 

Autonomous 
Maintenance

Provide the team with practi-
cal and theoretical courses on 

inspection, lubrication, changes, 
and adjustments according to 
the instruction and operation 

manual drawn up by the manu-
facturer or the process manage-

ment team. 

At the factory

Between 
harvests 

(January to 
June)

Maintenance and 
production mana-
gers and foremen, 

machine operators, 
and process mana-

gement staff

Train operators directly 
linked to the process 

to carry out quick 
maintenance on their 

own machines  

5
Bring in the 

manufacturer to 
train the team

Schedule a technical visit with 
the machine manufacturer to 

train operators and maintainers 
on how to operate and maintain 

the equipment.

At the factory

In the off-
-season 

(January to 
June)

Maintenance and 
production mana-
gers and foremen, 

machine operators, 
and process mana-

gement staff

Train operators and 
maintainers in fast 

maintenance on their 
own machines
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6

List the parts 
that break down 

the most and 
ensure that they 

are in stock

Via the system, filter the most 
requested parts, classify their 
priority, and organize them by 
sector and machine. Analyze 
the number of times they are 

requested to establish the mini-
mum quantity of each in stock. 
Link the list to the financial loss 

that their absence could bring to 
the company.

In maintenance  
Maintenance ma-
nager and process 
management team

Ensure the supply of 
the most consumed 

parts and avoid machi-
ne downtime due to 
routine breakdowns; 

Enable the operator to 
return the machine to 
operation in the time 
needed just to change 

the part.
Source: The authors (2023)

Chart 6. Action Plan for Product Shortages in the Process Area

Objective: 33% reduction in downtime for this reason for the harvest and off-season. 
WHAT? HOW? WHERE? WHEN? WHO? WHY?

  SHORTAGE OF PRODUCT IN THE PROCESS AREA

1

Transfer the 
standardization 
process to the 
10,000 kg tank 

after the pasteuri-
zation stage  

Via the system, filter the most 
requested parts, classify their pri-
ority, and organize them by sector 
and machine. Analyze the number 

of times they are requested to 
establish the minimum quantity of 

each in stock. Link the list to the 
financial loss that their absence 

could bring to the company.

In pro-
duction

At the end of 
the harvest

Industrial man-
ager, production 
foremen, main-

tenance manager 
and foreman, and 

process and quality 
management team

Eliminate stock stag-
es during the process 
and reduce the wait-
ing time between the 
standardization and 

pasteurization stages, 
where the solid anal-

ysis procedure can 
occur after pasteuri-

zation.

2

Review procedure 
that validates the 
inputs available 

for the production 
of a given product 

to take place

Meeting with a representative 
from each sector, who must fill in 

the checklist and update the infor-
mation in the event of problems 
already detected; Drawing up a 

new version

With all 
sectors 
directly 
involved 
in pro-
duction

Until the end 
of December

Process manage-
ment team

Eliminate process 
errors that cause 
downtime on the 

analyzed line in the 
filling sector

3

Analyzing the fea-
sibility of changing 

the layout be-
tween the filling 
and packaging 

sectors

Design a project that considers the 
costs involved in changing the lay-
out versus the productivity gains 

that could be achieved by reducing 
downtime due to lack of product 

caused by the current layout (long 
transport distances); Analyze the 
feasibility and actions that could 

make the project feasible.

In pro-
duction 
(filling 

and 
packaging 
sectors) 

Before the 
start of the 

2020 harvest

Strategic manage-
ment, maintenance 
team, and process 
and quality man-

agement team

Reduce the time 
spent on non-val-

ue-added activities, 
such as transporta-
tion (pipelines and 

manuals), stocks, and 
cross-flows between 

sectors.

4

Analyze the feasi-
bility of sched-

uling production 
considering 

products that 
have the same 

standard (pure or 
with guarana). 

Meeting with those responsible 
for production (manager and 

foremen) to discuss the possibility 
of scheduling the production of 

products with the same standard 
that can be filled on several lines.

Produc-
tion plan-
ning and 
control 
sector 
(PCP)

Until the 
end of the 

harvest
PCP team

Reduce the variety 
of products pro-
duced during the 

day, avoiding waiting 
for a product due to 
the need to clean it 
because of a change 
in product type (açaí 
with guaraná vs. pure 

açaí).
Source: The authors (2023)
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Figure 20. Value Stream Map of the current state of the 100 g single line
Source: The authors (2023)
Legend: SUPPLIER AÇAI IN NATURA; 1,153 Grids/day for 100g Simple line. Weekly demand; Daily contact. PCP. Daily schedule: 15,000 Kg; Takt time: 
3.24 s/Kg. Harvest forecast; Daily orders. CUSTOMERS; 21 monthly containers; 20,160 Kg/container; Single 100g line; 2 shifts. FRUIT RECEPTION – 5; 
WASHING/SOFTENING – 2; PEELING – 3; STANDARDIZATION – 1; PASTEURIZATION – 1; ENVASING – 12; FROZENING TUNNEL – 2; EMPACOTING – 11; 
WAREHOUSING/SHIPPING – 2. T/C= 0.21 s/Kg; 2 shifts; 57,600s available; Capacity = 274,285.7 Kg. T/C= 0.81 s/Kg; 2 Shifts; 57,600s available; Capacity = 
27,560 Kg. T/C= 0.61 s/Kg; 2 Shifts; 48,600s available; Capacity = 79,672 Kg. T/C= 1.14 s/Kg; 2 Shifts; 48,600s available; Capacity = 42,631.58 Kg. T/C= 1.05 
s/Kg; 2 Shifts; 48,600s available; Capacity = 46,285.71 Kg. T/C= 2.53 s/Kg; 2 Shifts; 43,200s available; Capacity = 17,075 Kg. T/C= 1 day/batch; 3 Shifts; 
86,400s available; Capacity = 20,000 Kg. T/C= 0.38 s/Kg; 2 Shifts; 57,600s available; Capacity = 151,578.9 Kg. 0.21 s; 2.31 s; 0.81 s; 0.27 s; 0.61 s; 0.38 s; 
1.14 s; 1.12 s; 1.05 s; 1.38 s; 2.53 s; 0.61 s; 1 day/batch or 6.58 s/Kg; 0.42 s; 0.38 s; 0.71 s; Production lead time = 20.52 s; Tav=13.30 s.

Figure 21. Value Stream Map of the future state of the 100 g single line
Source: The authors (2023)
Legend: SUPPLIER AÇAI IN NATURA. 1,153 Grids/day for 100g Simple line; Weekly demand; Daily contact. PCP; Daily schedule: 15,000 Kg; Takt time: 
3.24 s/Kg. Harvest forecast; Daily orders. CUSTOMERS: 21 monthly containers; 20,160 Kg/container; Single 100g line; 2 shifts. FRUIT RECEPTION - 5; 
WASHING/SOFTENING - 2; PULPING - 3; STANDARDIZATION - 1; PASTEURIZATION - 1; FILLING - 11; FREEZING TUNNEL - 2; PACKAGING - 11; STORAGE/
SHIPPING – 2. T/C= 0.21 s/Kg; 2 shifts; 57,600s available; Capacity = 274,285.7 Kg. T/C= 0.81 s/Kg; 2 Shifts; 57,600s available; Capacity = 27,560 Kg. T/C= 
0.61 s/Kg; 2 Shifts; 48,600s available; Capacity = 79,672 Kg. T/C= 1.05 s/Kg; 2 Shifts; 48,600s available; Capacity = 46,285.71 Kg. T/C= 2.53 s/Kg; 2 Shifts; 
50,400s available; Capacity = 19,920.9 Kg. T/C= 5.50 s/Kg; 3 Shifts; 64,800s available; Capacity = 20,000 Kg. T/C= 0.38 s/Kg; 2 Shifts; 57,600s available; 
Capacity = 151,578.9 Kg. 0.21 s; 2.31 s; 0.81 s; 0.27 s; 0.61 s; 0.38 s; 1.5 s; 1.38 s; 2.53 s; 0.61 s; 5.50 s; 0.42 s; 0.38 s; 0.71 s. Production lead time= 16.91 
s; Processing time= 11.53 s.
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FINAL CONSIDERATIONS

This study’s overall goal was to propose improvements in the 
açaí pulp beneficiation process using Lean Six Sigma principles 
and methods. The main reasons for downtime were identified, 
and an action plan drawn up, considering its application in the 
short, medium, and long term, with a view to implementing it 
for the following harvest. Therefore, the work’s objective was 
achieved. Thus, knowledge was gained not only of the reasons 
that most influence stoppages on the line analyzed, which are 
possibly the same as those that affect other lines, but also of 
the time that each one represents in the total number of stop-
pages recorded over the months analyzed.

This was the company’s first project focused on improve-
ment using statistical tools. It should be noted that it was only 
possible to carry it out on the basis of the records collected and 
after implementing a system of indicators that allows informa-
tion to be entered in real time on both productivity and machi-
ne and equipment idleness.

However, although the company records information daily, 
it does not use data control and management methods such 
as statistical processing, but rather uses forms. On the other 
hand, major factors limited the research: the lack of incen-
tive from top management to carry out projects to improve 
processes in line with customer requirements, the lack of a 
qualified team to process the information, the application of 
tests to prove improvements and the organizational culture of 
centralized decision-making.

It is thus worth highlighting the importance of carrying out 
work that statistically proves the real effectiveness of the pro-
posed actions. As a suggestion for future work, the real impact 
on reducing downtime could be demonstrated quantitatively 
through experimental tests. Another suggestion is a project ai-
med at implementing a data control or measurement system 
that provides the company with plausible results from its pro-
cesses, serving as a basis for decision-making.

A culture of quality and process improvement should be en-
couraged and seen as a key to success, making the company 
more professional and competitive. By using the lean method 
combined with the Six Sigma tools, it can develop projects that 
add value to it and its stakeholders, in addition to identifying 
points of inefficiency in the process and eliminating them.
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