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[bookmark: _GoBack]Abstract. The aim of this study is to improve the lifting process for 25kilogram boxes vertically stacked on pallets, with consideration for the inclusion of 
female workers as per labor regulations. Utilizing the National Institute for Occupational Safety and Health (NIOSH) Composite Lifting Index (CLI) through Digital Human Modeling (DHM), the risk of musculoskeletal disorders (MSDs) from a single worker lifting, who performs 6 lifts per hour and works 8 hours a day, was evaluated. The CLI for a single worker was determined to be 3.93, with recommend weight limit of 6.36 kilograms according to DHM. The study compared three lifting methods: Two-person manual lifting resulted in a CLI of 1.97, indicating a moderate risk of injury. Pre-leveling equipment before single lifting led to a CLI of 2.77, though this approach may extend lifting time. 
Lastly, spring balancer assistance resulted in a CLI of 0.47, indicating 
maximum safety but requiring investment in installation. In conclusion, the analysis suggests that process efficiency can be boosted by up to 55 lifts per hour, reducing cycle time and workers. Moreover, the carbon footprint of the facilities was calculated, indicating a reduction of 0.96 tons of CO2 emissions per year compared to other options. This reduction significantly contributes to the establishment of a green manufacturing.
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Introduction
Nowadays, a wide variety of new products are emerging due to innovative designs and increasing demands. Consequently, businesses need to store raw materials and finish goods in large quantities. Labor laws stipulate that female workers can lift a maximum weight of 25 kilograms, as specified in the Labor Protection Act of 1998, Section 37, However, data from 2022 shows that 763 individuals were injured from lifting or moving heavy objects, and 404 individuals were injured from work-related postures. [1]
From literature review about MSDs found some study assessing the risk of body posture on repetitive and heavy lifting activities [2] that causes are related to awkward body postures, including bending, lifting, and physical exertion. The reviews have identified various research efforts to reduce work-related risks, such as adjusting the reach distances at noodle packaging stations in Korat [3] modifying work methods and designing equipment for lifting and moving squatting toilets [4] and improving workstations in an automotive parts factory in Chonburi. The DHM has been used to study ergonomics in various scenarios, such as Concrete Formwork Activities in 
Construction [5], university cafeteria workstations in China [6], The rest model of Recovery Time for 20kgs Lifting Task advice heart rate recovery time for 6lifts per minute 
average1.92min [7]
Additionally, climate change is a global issue arising from increasing carbon emissions each year, partly due to the growing human population and various human 
activities. There were assessed 35 Thai students average CO2 emissions approximately 2.16 tCO2e per year [8]. The carbon emissions from improving manufacturing process need to be high considered.
. This research was conducted to study the work process using a DHM to assess 
ergonomic risks according to the NIOSH lifting equation for lifting 25-kilogram product boxes, which is Thai female maximum the legal limit. The aim is to make informed decisions to reduce worker injuries and enhance process efficiency, while also minimizing waste of manufacturing, using the least amount of energy, and 
reducing carbon emissions
Material and methodology
Process design and improvement
To assess and improve the process, evaluating the Lifting Index is crucial for risk assessment using Tecnomatix software calculations. Initially, the default tasks in a packing room were observed (Fig.1) to create DHM and design 
improvement processes for three options. Subsequently, the model was set for the default process (Fig.2).
The simulation report indicated that workers had CLI values exceeding 3, 
prompting the design and comparison of process improvements as follows: Option 1 involves assigning tasks to two workers for manual lifting without assistive tools and  Option 2 implements a system where height adjustment precedes solo lifting (Fig. 3). Option 3 utilizes a spring balancer to aid in lifting the box (Fig.4 ).
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Figure 1. default task in packing room A) Female working in process and B) Stacked boxes on a pallet
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Figure 2. The model set for default process A) DHM place Box1 onto a pallet and B) DHM stack Box2 over Box 1
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Figure 3. The model set for options process A) Design option 1: 2 workers manual lifting and B) Design option 2: A system which adjustable height
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Figure 4. Design option3: The ultization of spring balancer lift the box


Simulation procedure
In this study, the designed process was evaluated using a DHM with Siemens 
Tecnomatix Process Simulate Human software. The software utilized an 
anthropometric database for Asian females and males to create accurate digital 
representations of the workers. These models were employed for ergonomic risk 
assessment and simulation of tasks involving lifting and moving product boxes within a factory's packaging room. Input parameters included task postures, a lifting 
frequency of 0.1 lifts per minute (6 lifts per hour), and an 8-hour shift duration. Tools used to assess ergonomic risks included the NIOSH Lifting Index, which identifies tasks that may impact long-term safety.
The default equipment in the process includes product boxes measuring 530x530x600mm and weighing 25 kg, along with wooden pallets of 100 mm height for transportation. DHMs representing workers at the 1st, 5th, 50th, and 95th 
percentiles of body sizes were created to encompass a range of worker physiques. These models served as representatives for the worker population and were used to simulate various lifting tasks, accurately assessing ergonomic risks across 
diverse body sizes. Task actions were assigned as follows: initially using both hands to grasp Box1 at the top position, lifting Box1 from the ground, and placing it onto a pallet at a height of 100 millimeters. Subsequently, moving to Box2's position to lift and vertically stack it over Box1 to generate ergonomic reports. This process was repeated for all required models, as illustrated in Figure 5.
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	Figure 5. Flowchart of simulation process using DHM


Ergonomic Risk Assessment
The DHM simulation results provide calculations for Lifting Index (LI), 
Recommended Weight Limit (RWL), Force Multiplier (FM), and Composite Lifting Index (CLI) using software, and report the results based on equations 1 to 4, assessed from the NIOSH perspective and presented in Table 1. The goal in designing manual lifting tasks is to achieve an LI of 1.0 or less. LI values between 1 and 3 indicate moderate risk, prompting considerations for process improvement, while LI values exceeding 3 indicate high ergonomic risk, necessitating immediate improvement.

.Table 1 : NIOSH Criteria for Risk Levels of Lifting Index (LI) [9]
	Lifting index
	Criteria

	LI <1
	Safe, low risk.

	1 ≤ LI < 3
	Moderate risk; consider ergonomic improvements.

	LI ≥3
	High risk: immediate ergonomic intervention needed.


LI is calculated using the following equation: 
		(1)
Where: RWL (Recommended Weight Limit) is the maximum weight, a worker can lift under ideal conditions. 
		(2)
LC is the Load Constant, follow by distance measurable with reduction coefficient for the equation 
HM for Horizontal multiplier, equal 1.0 if hand location is less than 250mm  
VM for Vertical multiplier, the absolute value from optimum height 750mm
DM for Distance multiplier, is the travel distance of hands that computed
AM for Asymmetric multiplier) equal 1.0 when lifted directly in front of body
FM Frequency multiplier is defined by frequency of lifting or duration of work 
follow by recovery time.
		(3)
CM Coupling multiplier based on classification and vertical location of the lift.
L (Load): The actual weight of the load being lifted. (lbs. or kg)
	Since this study is multi-task lifting, The Composite Lifting Index has been 
considered two identical boxes [9] as equation 
[bookmark: _Hlk171801865]		(4)
Where STLI is computed for Single Task Lifting Index for each task
Carbon emission
Once the simulation revealed results for the default process, it showed that options 1 and 2 pose ergonomic risks. The factory requires operators to work 8 hours a day to transport 40 boxes. However, option 3, with the highest efficiency, can complete the task in just 0.72 hours a day, resulting in the lowest electrical consumption for the 63-square-meter packing room. To calculate the greenhouse gas emissions equivalent to carbon dioxide (CO2e) (equation 5), data collected from the factory indicates 
an annual electricity consumption of 18,900 kWh. The factor used is 0.5610 to 
convert this consumption to kg CO2e per unit [10]. 
		(5)
Result and Discussion
Process simulation results
In simulations involving 8 models with body heights ranging from 1449 to 1775mm, hand positions were consistently placed on top of both boxes at the original position between 443 to 526 mm. However, during stacked tasks, the destination for Box 2 was consistently higher than Box 1, ranging from 1154 to 1184 mm. This indicates that the vertical hand position of workers is determined by the height of the box rather than being adjusted according to the workers' height (Fig.6).
Compares simulations across different genders and heights, showing that in the default process (Fig.7), a single worker had a maximum Lifting Index (CLI) of 3.93, indicating a high risk of injury for all workers. In comparison, Option 1, which 
involved two-person manual lifting, resulted in a CLI of 1.97, indicating moderate risk. Pre-leveling equipment before single lifting reduced the CLI to 2.77. Lastly, using spring balancer assistance to reduce the load to 3 kg resulted in a CLI of 0.47, indicating maximum safety.
	[image: ]
	[image: ]

	Figure 6. Comparison of hand positions during tasks.
	Figure 7. Comparison of Lifting Index for each operator across different options


Carbon emission result
Carbon emissions compare with CLI across different processes designs (Fig.8). The calculation shows 10.6 t CO2e per 8-hour workday annually for the default process, Option 1, and Option 2, all of which exceed an CLI of 1.0 despite a task frequency of just 0.1 lifts per minute. Option 3, achieving a safe CLI below 1.0, allows for increased efficiency by raising the frequency to 1.0 lift per minute, thereby completing the day's work in less than 8 hours. This enhancement reduces electrical consumption to 0.96 tons of CO2 per year.
[image: ]
[bookmark: _Ref467515387]Figure 8. Comparison of Lifting Index, Frequency, and Carbon Emissions for Each Option.
Conclusion
The risk of MSDs from lifting in the packing process is significant for workers 
performing 0.1 lifts per minute over an 8-hour day, even when complying with 
regulations, especially when handling vertically stacked 25-kilogram boxes on pallets. This study recommends improving the process by option3 which spring balancer assistance both lowest CLI and CO2e emission. Analysis indicates that productivity can safely increase to a maximum of 1 lift per minute, reducing cycle times and the number of required workers. Furthermore, the carbon emissions for this enhanced process were calculated, revealing a potential reduction of 9.64 tons of CO2 per year compared to other options. This approach allows the factory to prioritize both worker safety, as evaluated by Digital Human Models (DHM), and environmental sustainability by reducing carbon emissions from electrical consumption, contributing to its goals of green manufacturing practices.
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