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Abstract:  
Background. PT SMS produces bottled drinking water (amdk) in gallons and cups with Vit and 

Forme brands for gallon packaging and Airnes, Forma, and OK Oce brands in cup packaging.  In 

identifying the problem at PT SMS, it was found that the work system is not well-designed and lacks 

ergonomics at several workstations, which has an impact on achieving less than optimal daily 

productivity. The output per work shift set by the company is 2,100 gallons and 3,150 boxes for cup 

packaging, but in fact, it can only produce approximately 2,050 gallons and 3,000 boxes.  

Aim. Analyze the factors that cause the work system to be less effective and less ergonomic. The 

formulation of work system factors encompasses physical work environment factors, equipment, 

infrastructure, machinery, workload factors, and organisational factors. 

Methods. The Macro Ergonomic Analysis and Design (MEAD) method is used to identify factors 

that affect the work system and then implement improvements and design changes based on the 

identified factors. 

Results. Physical work environment factors and organisational factors are problems within the work 

system at PT SMS, as the workspace designated for the production workflow lacks ergonomic 

support for employees' postures while working, and task management is inadequate. The machinery 

has not been crafted based on the anthropometric measurements of the workers. Oversight is absent 

for the work being done, and the standard time required for the production process has yet to be 

established. So that it increases productivity per work shift at PT. SMS is not optimal and experiences 

over time. 

Conclusions. Redesign of physical work environment facilities, scheduling of rest periods, and 

organisational factors through supervision from PT SMS resulted in output per shift meeting the 

standards set by the company.. 

Implication. The application of MEAD can identify factors that cause suboptimal productivity. 

Redesigning ergonomic physical work environment facilities, scheduling rest periods, and 

supervisory organisational factors within the company have an impact on optimising productivity, as 

measured by the output per shift set by the company. 
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INTRODUCTION 

The demand for healthy and hygienic drinking water in the community tends to 

increase with the growing population, but the amount of clean water available does not keep 

pace. Sources of this include groundwater pollution, and this has led to the use of water that 

is no longer healthy or safe to use as drinking water. (Setiawan et al., 2024b). 

One of the bottled drinking water companies (AMDK) is PT SMS, which was built 

since 2011 and could only start operating at the end of 2015 due to problems and obstacles 

in the bottled mineral water business permit. Based on the persistence of the owner, who 

wanted to produce high-quality mineral water for the surrounding community, the business 

permit was finally obtained at the end of 2015, and production began under his brand, Forme. 

In early 2016, PT SMS gained the trust of PT Tirta Investama, the pioneer of bottled mineral 

water in Indonesia, with the AQUA brand, to collaborate in producing bottled mineral water 

under the Vit brand. The cooperation that has been in place for over eight years continues to 

encourage the factory to produce high-quality mineral water for the community consistently. 

SMS factory has an area of 6,493 m2, with building 2,500 m2, including: Production floor, 

raw material warehouse, finished product warehouse, and office (Aziz & Tarya, 2024). 

Water treatment at PT SMS is divided into eight stages, namely: 1) groundwater intake, 

2) addition of chlorine and sodium bicarbonate, 3) initial storage tank, 4) manganese filter, 

5) carbon filter, 6) catriedge filter, 7) final storage tank, and 8) UV lamp. The production 

carried out by PT SMS is no longer classified as either unconventional or traditional, so the 

bottled water production process should meet the desired output target. However, the 

production process takes a long time and has not achieved the production targets, resulting 

in decreased work productivity. Based on observations made, four factors can affect 

production results at PT SMS, namely: (1) physical environment factors, noise in the 

production process station area is 96 dB with lighting of 2,050-2,780 lux which comes from 

sunlight during the day and outdoor temperature in the production process station area is 33-

35oC, (2) equipment/machine factors, there is work infrastructure equipment that has not 

been adjusted to the anthropometric size of workers. 

 

LITERATURE REVIEW 

The success of the work system can be seen in its high efficiency and productivity, but 

realizing it is not an easy task because it requires skills to improve the work system. Creating 

an ergonomic work system necessitates the inclusion of components that ensure the system 
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is ENASE (efficient, secure, pleasant, healthy, and practical) (Setiawan et al., 2024a; El 

Ahmady et al., 2020). 

 Ergonomics is a field of study that applies knowledge regarding human 

characteristics, strengths, and weaknesses to design work environments that support comfort 

and efficiency. A comfortable working system is deemed suitable within specific boundaries 

and poses no threat to human health or safety. (Setiawan et al., 2023). A scenario in which 

employees can agree to job conditions that come with growing technological and 

organizational constraints. Ergonomics is generally divided into macro and micro. Micro 

ergonomics is a top-down sociotechnical systems approach to analysing, designing or 

improving work systems and work organisation, then harmonising the design into the 

elements as a whole. (Setiawan et al., 2025a; Danial et al., 2024). The field of macro 

ergonomics research is quite intricate, encompassing various elements such as the 

organizational framework, policies, work process management, systems of communication, 

team collaboration, participatory design, evaluation methods, and insights from technology 

specialists. (Versloot et al., 2024). Macro ergonomics aims to harmonize elements within 

the work system and organizational structure, focusing on enhancing the design of the work 

system in relation to the sociotechnical environment. This process involves translating the 

design features into the micro level to establish a cohesive work system. (Rodríguez et al., 

2022; Cahyadi & Setiawan, 2021). 

 In the context of macro ergonomics, the Macroergonomic Analysis and Design 

(MEAD) approach is recognized as one of the methods used during the implementation 

phase of macro ergonomics, aimed at creating a comprehensive system that effectively 

supports the attainment of organizational objectives. There are 10 stages in implementing 

MEAD, namely: a) recognizing the organization's surroundings and subsystems (examining 

the vision, mission, and fundamental principles, assessing environmental factors, and initial 

aspects of organizational structure), b) specifying the nature of the production system and 

anticipated performance, c) establishing operational units and workflows, d) determining 

varying data, e) creating variant matrices, f) developing variant control tables and role 

networks, g) assigning responsibilities and integrating designs, h) analysing roles and 

responsibilities, i) redesigning support sub-systems, j) implementation, iteration, and 

improvement. Other tools used in the research are questionnaires, determination of break 

time with the equation: E=1.80411-0.0229083X+4.71733x10-4 X2, where: E=Energy 

(Kcal/min), X=heart rate/pulse (beats/min), energy consumption equation K= Et-Ei, where: 
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K=energy consumption (Kcal/min), Et=energy expenditure at work (Kal/min), Ei=energy 

expenditure before work (Kcal/min) and then the need for rest time in the equation R=T [(W-

S)/(W-1.5)] where: R=rest required (minutes), T=total working time (minutes/shift), 

W=average energy expenditure at work (Kcal/minute), S=recommended average energy 

expenditure (S for women=4 Kcal/minute, S for men=5 Kcal/minute), the value of 1.5 is the 

basal metabolic value (Kcal/minute). 

 

METHOD 

This research was conducted at the production process station area of PT SMS, located 

at Jl Palembang-Betung, KM 17, No. 503, Kel. Sukajadi, Kec. Talang Kelapa, Banyuasin 

South Sumatra 30961. The research to be conducted will encompass physical environment 

factors, equipment and machinery factors, work factors, and organisational factors, with the 

primary objective of identifying the root cause of not maximising productivity. This will be 

followed by an evaluation of the identified factors using the MEAD approach to implement 

work system improvements that enhance work productivity. (Silvianita et al., 2024; H 

Setiawan & M Rinamurti, 2020). The necessary information includes the following: 1) 

recorded observations, interviews, and pulse readings of employees engaged in tasks at the 

production work area. (Ma & Zuhair, 2024), 2) using survey data to identify elements within 

the work system to gather varied information on four different factors (Esmaeili et al., 2023), 

3) environmental data concerning the workplace, which includes metrics on temperature, 

noise levels, and lighting conditions in the production area gathered through direct 

measurements using tools such as a thermometer, sound meter, and light meter (Davey et al., 

2024), and 5) comprehensive company information including details on organizational 

structure, vision, mission, goals, location, workforce size, and other relevant data pertinent 

to the study being conducted. 

 

DISCUSSION 

Data processing utilizes the MEAD method, which comprises 10 stages that must be 

fulfilled to address existing problems. (Carlos & Hugues, 2024; Analysis et al., 2024; Jamali 

et al., 2024). The stages are as follows:  

 

Identification of the physical environment of the production workstation area and 

organisational subsystems at PT SMS.  
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The plant occupies an area of 6,493 m² with a building area of 2,500 m². The SMS 

factory also holds an official license and is certified by BPOM RI MD 265228042054 as 

Halal, as per MUI.  PT SMS has a vision ‘To be the best food product company that is 

inseparable from the healthy living of Indonesian people by providing the best service’. 

Mission: Producing and distributing food products that nourish Indonesian people. Company 

Purpose ‘PT SMS is committed to produce quality products, halal and safe for consumption 

through efforts to improve quality, halal products and food safety and prevention of pollution 

on an ongoing basis, under the company's goal of becoming the best producer of food 

products that are inseparable from the healthy life of the Indonesian people by always 

providing the best service’.  

 

Define the type of manufacturing system and performance goals.  

The manufacturing tasks performed resemble those of a job shop, indicating that the 

items produced can be tailored according to customer preferences, utilizing various methods 

and quantities of products within a set timeframe (Rinamurti, M., & Setiawan, H., 2023). 

Generally, the production of AMDK at PT SMS involves a sequence of production processes 

in the water treatment section. However, when ordering different products according to 

consumer desires, actions need to be undertaken as well, rather than focusing solely on the 

overall order of the manufacturing procedures that must be executed. Performance 

determination at PT SMS is conducted subjectively by the leader, adjusted according to 

standard checkpoints or critical points. (Lee et al., 2024; Hasanain, 2024). The provisions to 

be used are the standard checkpoints in the work system. The performance expectations are 

presented in Tables 1 and 2. 

 

Define the operating units and work processes at PT SMS.  

The operating unit in water treatment at PT SMS is divided into eight stages, 

namely: 1) groundwater intake, 2) addition of chlorine and sodium bicarbonate, 3) initial 

storage tank, 4) manganese filter, 5) carbon filter, 6) catriedge filter, 7) final storage tank, 

and 8) UV lamp. The types of equipment/machinery and infrastructure facilities and their 

quantities are as follows: a) 12 Water treatment machines, b) 2 Packaging machines (filling 

and packaging), c) 2 Bottle washer machines, d) 2 Bottle dryers, e) 2 Carton packaging 

machines, f) 2 Counting and packaging machines, g) 1 Water quality testing machine, h) 3 

Water pumps and chemical pumps, i) 5 Water and chemical storage tanks, and j) 2 Pipe and 
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valva systems. The production process at PT SMS is relatively straightforward but requires 

a relatively long product processing time, especially in the packaging and finished goods 

section, before being packaged and placed in the box. For other processes, it is brief because 

the production process of mineral water in gallon and cup packaging is almost entirely 

automated. The production process station area that is less ergonomic occurs during the 

process of transporting gallons from the conveyor belt, which is still done manually. The 

existing production process is carried out at a single production site, which facilitates 

collaboration on the product and allows tasks to be completed in conjunction with the 

assigned tasks, while also offering flexibility in the work done (Hughes et al., 2024). 

 

Identifying variant data.  

The identification of variant data aims to identify problems that occur at PT SMS, 

facilitating the analysis. To obtain more detailed variant data, a questionnaire was distributed 

to all workers at the production stage, allowing for an understanding of the problems faced 

by workers in the AMDK production section at PT SMS. After calculating the percentage of 

all respondents' answers from the questionnaires distributed, variant data can be identified, 

as shown in Table 3. 

 

Building a variant matrix.  

At this stage, the variant data obtained is analyzed to determine the relationship 

between variants and whether one variant can affect other variants. The factor whose variant 

has the most linkage relationship will become the key variant. The selected key factors are 

presented in Table 4. 

 

Creating key Variant management tables and responsibility networks.  

The objective of this phase is to determine the current variant management practices 

and the functions of the staff responsible for accountability at PT SMS. The results of 

determining the key variant control and role network are presented in Table 5. 

 

 
 
 
 
 
 



https://annpublisher.org/ojs/index.php/improsci  Vol 3 No 2 October 2025 

Heri Setiawan 

DOI 10.62885/improsci.v3i2.939   | 57  

 

Table 1. Quality and Flexibility 

 
Check 

points 

Number of 

Checkpoints 
Quality 

Number of 

checkpoints 
Flexibility 

Supplier 1 The supplier's ability to provide raw 

materials for bottled mineral water 

when needed, and also pay attention 

to the quality of the raw materials. 

6 Supplier flexibility is seen 

when it can provide raw 

materials for bottled mineral 

water whenever needed. 

Input 2 Input quality is reflected in the 

variants of raw materials used for 

bottled mineral water and in worker 

performance during product 

production. 

7 Flexibility depends on the 

standard specifications of 

mineral water in product 

packaging, which can be 

adjusted to meet the 

customer's specific needs. 

Process 3 The quality of the production 

process can be seen in the accuracy 

and success of adjusting to the 

product orderer's wishes. 

8 The flexibility of the 

production process is evident 

in the stages that can be 

adjusted to meet the product 

desired by the purchasing 

vendor. 

Output 4 The quality of the output can be 

assessed by examining product 

quality standards and product 

performance. 

9 Output flexibility depends on 

the standard of AMDK 

products that have been 

produced. 

Outcome 5 The quality of the outcome depends 

on the level of consumer satisfaction 

with the product results and the 

product's quality standards. 

10 The flexibility of the outcome 

is evident in the level of 

satisfaction with the product 

that the purchasing vendor has 

experienced. 

 

  Table 2. Performance Expectations 
 

Check points 
Number of 

Checkpoint 
Performance Expectations 

Input Utilization 11 The use of raw materials for bottled water products depends on 

consumer demand standards as well as the brand and type of gallon 

or cup packaging. 

Capacity 12 Determining the capacity of mineral water products in gallon and cup 

packaging depends on the wishes of the purchasing vendor. 

Innovation 13 Innovation is carried out based on the quality specifications of the 

packaged mineral water products that are made and the creativity of 

workers in carrying out finishing such as packaging that is in 

accordance with the requests of the purchasing vendor. 

Output 

Production 

14 The production output obtained is the mineral water product in gallon 

and cup packaging that is in accordance with the wishes of the 

consumer, vendor, buyer and the time agreed upon at the time of the 

vendor contract. 

Productivity 15 Productivity is carried out when there is an order from the consumer 

because it uses the Make to Stock (MTS) and Make to Order (MTO) 

methods. 

Process Value 16 Process value is based on all costs required in the production of 

mineral water in gallon and cup packaging ordered according to the 

specifications of the purchasing vendor and also the profits to be 

obtained from the sale. Process value is also seen in terms of the 

quality of the product that has been produced whether it is in 

accordance with the specifications of the request. 

Management 17 Management is applied directly to the work system at PT SMS based 

on provisions by the company owner. 
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Table 3. Variant Data 

Variant Factor Variant 

Physical Environment 
The temperature in the production process station area is hot. 

Noise in the production process station area exceeds the NAB. 

Equipment/Machinery 

and Infrastructure 

Machine work/infrastructure slowed down due to bottlenecks in the conveyor belt 

when handling gallons of material. 

Maintenance of machinery/infrastructure is done irregularly. 

The design of facilities and infrastructure still fails to take into account the 

anthropometry of workers. 

Working Conditions 

Workers easily experience fatigue while working. 

Workers often experience work stress. 

There is no Personal Protective Equipment (PPE) provided for all workers, 

especially those involved in manual material handling (MMH). 

Organisation 

The social security provided is not yet appropriate. 

Leaders pay little attention to the workplace. 

Leaders do not reward workers. 
 

 

Preparation of function allocation and joint design.  

This stage aims to make function allocation and alternative design improvements 

from the variant control table and existing key variants in the form of an objective tree. The 

alternative design is illustrated in Figure 1. Evaluation of roles and perceptions of 

responsibility. At this stage, it is used to assign weight to each alternative improvement 

obtained, so that the weighting carried out will produce the best alternative that can later be 

used to improve the work system at PT SMS.  

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Objective Tree (Alternative Problem Solving) 

 

Work System Improvement 

Improvement of Working Conditions 

Alternative I Alternative II Alternative III 

Work Procedure 

Improvement 

Improved Work 

Arrangement Policy 

Physical Work Environment Facility 

Arrangement 

1. Manufacture of ventilation and air 

conditioning systems 

2. Socialisation of the use of good and 

correct ventilationPengadaan display 

kebisingan 

Scheduling breaks 

and providing sweet 

tea+snacks 

Standard Operating 

Procedure (SOP) 

Creation 

Reduction of non-

ergonomic and 

ineffective movements 

Provision of 

information or data 

required for 

scheduling breaks 

1. Provision of equipment that supports 

the procurement of facilities 

2. Provision of staff to manage facility 

procurement and socialisation 
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Table 4. Variant Matrix 
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Physical 

Environment 

The temperature in the 
production process 

station area is hot 

    X X X X    4 

Noise in the production 
process station area 

exceeds the NAB 

       X    1 

Equipment/ 

Machinery 
and 

Infrastructure 

Engine work slows 
down 

     X X     2 

Irregular maintenance X     X X     3 

Not yet anthropometric      X X     2 

Working 

Conditions 

Workers are tired X X X X X  X X    7 

Stressed out worker X X X  X X   X   6 

Belum pakai APD 
bisning Not yet 

wearing PPE bisning 

 X        X  1 

Organisation 

Social security does not 
yet exist 

      X    X 2 

Lack of attention      X X X    3 

No awards         X   1 

 

The weighting of the alternatives that have been made is (Rodríguez et al., 2022; 

Mahfirah’eni & Suhardi, 2021); improvement of work procedures with a total weight of 0, 

improvement of work arrangement policies with a weight of 5, and provision of physical 

work environment facilities with a weight of 5. 

 

Table 5. Key Variant Control and Role Network 

 

No. Key Variant Key Variant 
Handling 

Party 

Directly 

Involved Parties 

Existing 

Support 

Activities 

1. 

Workers easily 

experience fatigue 

while working 

Production 

process station 

area 

Leader 

Production 

process station 

area workers 

Resting area 

near at 

production floor  

2. 

Workers often 

experience work 

stress 

Production 

process station 

area 

Leader 

Production 

process station 

area workers 

- 
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Improving the supporting sub-system.  

This phase focuses on creating enhancements for subsystems that will subsequently 

be implemented to upgrade the current work system, thereby enhancing the productivity of 

employees within the production department at PT SMS. In this design, the assessment of 

workers’ heart rates, the evaluation of cardiovascular strain (%CVL), and the determination 

of energy usage are conducted to ascertain the necessary duration of rest for production 

personnel at PT SMS. 

Workload calculation 

The 17 PT SMS worker respondents studied consisted of 12 male workers and 5 

female workers, aged between 26 and 34 years. The average resting pulse rate (DNI) was 

77.08 minutes, the average working pulse rate (DNK) was 117.49 minutes and the maximum 

pulse rate (DNmax) was 182.94 minutes. 

Calculation of % HR Reverse: 

% HR Reserve =
𝐷𝑁𝐾−𝐷𝑁𝐼

𝐷𝑁𝑚𝑎𝑥−𝐷𝑁𝐼
𝑥 100 =  

117,49−77,08

182,94−77,08
 𝑥 100 = 38,17% 

Calculation of Cardiovascular load (%CVL): 

% CVL =
100 𝑥 (𝐷𝑁𝐾−𝐷𝑁𝐼)

𝐷𝑁𝑚𝑎𝑥−𝐷𝑁𝐼
=  

100 𝑥 (117,49−77,08)

182,94−77,08
= 38,17% 

Energy consumption calculation: 

Known: X = 117,49 (Working pulse rate (beats/minute)), so that: 

Et = 1,80411 – 0,0229083X + 4,71733 x 10-4 X2 

         = 1,80411 – 0,0229083 (117,49) + 4,71733 x 10-4 (117,49)2 = 5,62 Kkal/menit 

Known: X = 77,08 (Working pulse rate (beats/minute)), so that: 

Ei = 1,80411 – 0,0229083X + 4,71733 x 10-4 X2 

         = 1,80411 – 0,0229083 (77,08) + 4,71733 x 10-4 (77,08)2 = 2,84 Kkal/menit 

Energy consumption calculation as follows: K = Et-Ei. K= 5,62 – 2,84 = 2,78 Kkal/menit 

Calculation of the length of break time: 

W=5,62 Kkal/minute; T=480 minute/ working days; S for female=4 Kkal/minute;  

S for male=5 Kkal/minute; Basal Metabolism=1,5 Kkal/minute 

𝑅 = 𝑇
(𝑊−𝑆)

𝑊−1,5
= 480

(5,62−5)

(5,62−1,5)
= 72,23 𝑚𝑒𝑛𝑖𝑡 ≈ 72 𝑚𝑖𝑛𝑢𝑡𝑒 (for male) 

𝑅 = 𝑇
(𝑊−𝑆)

𝑊−1,5
= 480

(5,62−4)

(5,62−1,5)
= 188,74 𝑚𝑖𝑛𝑢𝑡𝑒 ≈ 189 𝑚𝑖𝑛𝑢𝑡𝑒 (for female) 

From the assessment of the duration of downtime for employees in the 

manufacturing area of the operational process, the results are 72 minutes for male workers 

and 189 minutes for female workers, so that the rest time which is only 60 minutes/working 

day needs to be increased by 12 minutes / working day for male workers and 129 

minutes/working day for female workers. 
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Implementation, iteration, and refinement.  

In the last stage of the MEAD method, namely the implementation of the results 

obtained from the previous stage, based on the alternatives that have been selected and the 

results of the design of supporting sub-systems. Implementation is carried out as a form of 

improvement, namely by assessing the heart rate of employees through the 10 pulse 

technique, which helps determine break times based on the tasks assigned to them in the 

production area. We aim to lessen the fatigue experienced by workers throughout their duties 

(Hadasa et al., 2024).  

Following the receipt of the outcomes from the computation regarding the 

increment of employees' break periods, it is then applied to workers with the permission of 

the company owner by simulating the results of alternative improvements that have been 

selected, then interviews are conducted with workers in the production section of PT SMS 

to find out the differences in conditions felt before and after the addition of rest hours 

(Setiawan, Susanto, Rinamurti, et al., 2025b). Based on the results of the improvement of 

the work arrangement policy, it is found that the calculation of the %CVL results is better 

the workload obtained is 38.17%, so the workload in the production section is categorised 

as having a moderate workload and needs to be improved (Setiawan, H., et al., 2025) 

(Okunade et al., 2023; Selamat et al., 2021). Extra break periods for employees in the 

manufacturing area amounting to 12 minutes per workday for male employees and 129 

minutes per workday for female employees (Setiawan et al., 2025c; Nurmianto et al., 2024).  

The energy expended before the addition of rest time was 5.62 Kcal/minute while 

the energy expended after the addition of rest time was 2.84 Kcal/minute. The additional rest 

time of 12 minutes is scheduled for production workers outside the normal rest time, namely 

at 10.00-10.12 WIB while the normal 60-minute break is carried out at 12.00 - 13. 00 WIB, 

for female workers is equal to male workers, with this can reduce fatigue from the workload 

received by workers who are routine or monotonous and also influenced by air temperature 

conditions that reach 35oC in the production section (Swann et al., 2024), workers have the 

appropriate time to restore stamina so they can continue their work properly, and scheduling 

additional time makes workers have more time to make good social contact with fellow 

workers in the production section (Fadhilah et al., 2024). 
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CONCLUSION 

The goal of enhancing the work system revolves around the chosen essential 

elements aimed at refining the work organization approach by introducing more breaks for 

employees in the production department of PT SMS. Enhancements implemented based on 

feedback from employees due to the fatigue experienced by workers during production tasks. 

Modifications to the work process aim to decrease the fatigue experienced by employees, 

with the %CVL computation yielding a result of 38.17%, categorizing it within the moderate 

workload range that requires attention. Improvements made are by adding rest time for 16 

minutes / working day outside the normal rest time of workers at 10.00-10.12 WIB, with a 

total rest time obtained by male and female workers of 72 minutes / working day. According 

to the extra break periods, there was a boost in work efficiency observed in the 

manufacturing line aimed at meeting the AMDK goal, achieving a total of 2,100 gallons and 

3,150 boxes, compared to earlier figures of 2,050 gallons and 3,000 boxes. 

. 

IMPLICATION 

 The application of MEAD is able to identify factors that cause suboptimal 

productivity. Ergonomic redesign of work facilities, scheduling of breaks, and organisational 

factors of supervision from the company have an impact on optimising productivity in 

accordance with the output per shift set by the company. 
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