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1. Novelty of the research topic 

Sustainable supply chain management has an increased attention in recent years. In the area of 

production planning and control, this trend has given rise to the development of inventory 

models that consider sustainability issues besides the optimization of total operational cost. 

Especially, environmental and economic sustainability factors were extensively studied by 

researchers. The environmental sustainability aspect mostly embodies extensive investigation 

on 𝐶𝑂2 emission and green emission as an environmental factor [1], [2], [3], [4], [5], [6], [7], 

[8], [9]. Inventory models extended with economic aspect such as imperfect production cost 

[10], [11], [12], incremental discounts [13], transportation cost [14], [15], [16]. Conversely, 

there are very few studies have focused social factors of sustainability [17], [18]. The social 

sustainability includes factors that are work safety and labour health, social development, 

health and safety practices, standards and codes of conduct and social impacts and measuring 

[19]. Work safety and labour health is one of the most important social sustainability factors 

which include occupational health and safety standards to prevent work-related health problem 

in any occurrence. Especially, the work-related musculoskeletal disorders are most common 

health problem which include sprains, back pain, hurt back, carpal tunnel syndrome, hernia, 

and musculoskeletal system and connective tissue diseases and disorders [20]. Furthermore, 

European Agency for Safety and Health at Work last report [21] showed that 35% of EU 

workers have work related musculoskeletal diseases with 29% of muscular pains in lower limb, 

41% of muscular pains in shoulders, neck and/or upper limbs and 43% of backache. The Bureau 

of Labour Statistics [22] reported total cases of musculoskeletal diseases 30% in the U.S and 

38% more lost workdays than the average. Moreover, economic burden of musculoskeletal 

disorders is estimated that the total cost of lost productivity among people of working age in 

the EU equals 2% of gross domestic product (GDP) [23].  

The results from the literature research have found few on ergonomics as a social sustainability 

factor in inventory management. Most research studies have focused on the human energy 

expenditure [24] and rest allowance as ergonomic aspect of socially sustainable inventory such 

as a new measurement technique have been developed by researchers Battini et al. [25] which 

based on energy expenditure equations [24] and rest allowance formulation [26] that allows 

simplifying the ergonomics assessment of each assembly task. The others Battini et al. [27] 

have developed a new multi-objective model for assembly line balancing with energy 

expenditure rate based on Predetermined Motion Energy System (PMES) and Battini et al. [28] 



 

 

have been developed a mixed-integer model that integrates assembly line balancing and parts 

feeding with incorporation of rest allowances formulas Garg et al. [25] and Price [29]. 

Researchers has been developed genetic algorithm to solve assembly line balancing problem 

with incorporating human energy expenditure as an ergonomic measure [30]. The other model 

Battini et al. [31] has been developed as a mathematical model which investigates picking and 

storing motions with the energy expenditure rate for rest time assessment and found the lot size 

with ergonomic measures and Battini et al. [32] functions have been developed that are 

considers warehouse picking activities with the human availability and the rest allowance 

which have proved that improvement in ergonomic conditions has a positive impact on the 

total cost of the system. Researchers Finco et al. [33] have been developed three heuristic 

methods that considers energy expenditure and rest allowance for assembly balancing problem 

and Finco et al. [34] a mathematical model has been developed that integrates human energy 

expenditures as ergonomic aspects with the smoothness index that improved assembly line 

balancing problem.  The others Al-Araidah et al. [35] have been developed a Monte Carlo 

simulation model that estimates fatigue allowance with integration of energy expenditure 

formulas of Garg et al. [25] for female order pickers, and the other ergonomics measures as 

lifting index which Andriolo et al. [36] developed by researchers as a lot-sizing model that 

considers multi-objective optimization of ergonomic aspects based on lifting index (LI), OCRA 

index [37] which Botti et al. [38] have been developed as a mathematical model to design lean 

processes with ergonomics for hybrid assembly lines and Tang et al. [39] a multi-objective 

mathematical model that integrates OCRA method to eliminate the ergonomic risks for U-

shaped assembly lines, vibration limits according to ISO 5349-1 which Finco et al. [40] 

developed by researchers as a bi-objective model that considers vibration exposure to eliminate 

ergonomic risks in assembly line design. There was another study that studies manual order 

picking in a warehouse which considered the order picking operations and pallet rotations to 

eliminate injury risks with the peak L4/L5 spinal compression [41]. There Battini et al. [42] 

have also been analyzed the relationship between ergonomics and assembly system design 

techniques where they have found that to assess time efficiency in modern industries design of 

assembly system and ergonomics should be complete each other. 

Literature review results have indicated that research studies have focused mostly on the human 

energy expenditure as an ergonomic measure of socially sustainable inventory with limited 

exception of OCRA index, lifting index and vibration limit. The maximum endurance time and 



 

 

heat strain recovery ergonomic measures have not been studied. Moreover, the material 

handling activities in case of production line feeding as single operator and multi-materials and 

multi operator and multi-materials have not been investigated with ergonomic considerations. 

There was also no study that aimed the prevention of work-related back disorders and low back 

pain for specific intralogistics process. The literature research has shown that studies 

investigated ergonomics did not considered the optimal lot size which economically and 

ergonomically feasible except one study that investigated with human energy expenditure for 

picking and storing motions [42]. Therefore, the main aim of this dissertation is the extending 

the literature of existing studies and contribution of development of social sustainability with 

different ergonomic measures in different intralogistics cases which leads to prevention of 

ergonomic risks of work-related back disorders and low back pain occurs from different manual 

material handling motions with novel results.  

2. Hypotheses 

1. Development of a Single-Material-Single-Operator (SMSO) lot sizing model with 

integration of maximum endurance time and rest allowance ergonomic measures could lead 

to determine the optimal lot size for a handled material considering the rest time based 

ergonomic factors. Additionally, it decreases the ergonomic risks and work-related back 

disorders associated within manual material handling process, and it increases the 

productivity. 

2. Development of an SMSO-based lot sizing model with integration of human energy 

expenditure and heat strain recovery ergonomic measures could help to determine the 

optimal lot size considering the heat stress based ergonomic factors. Additionally, it 

decreases the ergonomic risks related to the heat stroke and work-related musculoskeletal 

disorders associated within manual material handling process, and it increases the 

productivity. 

3. Development of a Multi-Material-Single-Operator (MMSO) lot sizing model with 

integration of maximum endurance time and rest allowance ergonomic measures could lead 

to determine the optimal lot sizes for more materials which must be handled together 

considering the rest time based ergonomic factors. Additionally, it decreases the ergonomic 

risks and work-related back disorders associated within manual material handling process, 

and it increases the productivity. 



 

 

4. Different load values that lower than the maximum acceptable limit of manual handling of 

loads with two hands (ISO 11228-1) and different specific postures that used in manual 

material handling activities significantly affect the maximum holding endurance time.  

3. Research methodology 

In order to reach the above-mentioned goals, many kinds of practical use cases have been 

investigated, with particular regard to the case of the material handling processes which support 

the production line feeding. Based on the experiences can be declared that the manual material 

handling is a very frequently applied technology in practice of the intralogistics. The degree of 

mechanization and automatization is very different in the different industries. Even though the 

standardization and the cellular manufacturing open a space for these developments, but the 

use of the flexible human resources is unavoidable in most of the cases. They can solve the 

problems and with the advantageous skills of the human body they are able to supplement the 

missing features of the material handling machines with human body motions. This is the 

typical human-machine interaction in the material handling. That is why I followed the way 

that I developed specific mathematical models for different typical situations which are very 

frequent in the production line supplying processes. Additionally, I have paid particular 

attention to establishing the possibility of the integration of the ergonomic factors into the 

models, and to applying the suitable mathematical methodologies and data processing 

technologies in the analysis of the performance of the models. In this regard the different 

approaches can be defined as follows: 

• A general Single-Material-Single-Operator (SMSO) model has been developed that 

includes picking, storing and pushing manual material handling motions with the 

existing maximum endurance time and rest allowance models. In this model, the 

maximum endurance time and rest allowance formulations were expressed in linear 

form with application of tangent plane approximation. Time needs of motions were 

estimated with the AIM tables and Maplesoft was used for expressing exponential 

functions in linear form. The closed-form solution has been derived and analyzed with 

different parameter settings in Excel. 

• An SMSO-based lot sizing model has been developed that includes carrying, picking, 

storing manual material handling motions with heat strain recovery and human energy 

expenditure. In this model, the time needs of motions has been determined by power 



 

 

regression models that has been created based on the time requirement values of the 

AIM tables. An enumeration algorithm has been developed for solving the problem and 

results were analyzed with different parameter settings in Excel. 

• A general Multi-Material-Single-Operator (MMSO) model has been developed that 

includes picking, storing and pushing manual material handling motions with the 

previously applied linear form of maximum endurance time and rest allowance models. 

This model has been developed as a discrete-event simulation model. An enumeration 

algorithm has been developed for solving the problem and results were analyzed with 

different parameter settings in Excel. 

• In order to prove the suggested modeling approach used in the calculation of the 

theoretical values of maximum endurance time as an ergonomic factor an experiment 

has been conducted. The main reason of this investigation is that this empirical formula 

will be the one point of the most important extension of the applied lot sizing model in 

the cases of the SMSO and MMSO approaches. With this formulation the rest time 

needs can be calculated in case of the specific motions used in the logistics service of 

the line supplying. 

• An experiment has been designed and conducted to measure the endurance time of the 

maximum holding for different specific postures that used in manual material 

handling activities with different load values of the maximum acceptable limit of 

manual handling of loads with two hands (ISO 11228-1). In the data processing IBM 

SPSS Statistics software was used for conducting ANOVA. 

  



 

 

4. New scientific results 

1. Integrating maximum endurance time and rest allowance into the lot sizing 

models decreased the total cost of production line supply process. The analyses 

results proved that the extended model supports to find the optimal lot size from 

ergonomics point of the view and reduces the ergonomics risk of work-related 

back disorders. Further additional results can be that the integration of these 

ergonomic aspects increases the worker well-being and productivity and decreases 

the injury risk of worker. 

In order to prove this statement, I have developed a general Single-Material-Single-

Operator (SMSO) lot sizing model with maximum endurance time and rest allowance. 

The effects of the ergonomics factors have been tested in the SMSO model applying 

different unit weights and distance values for modeling and analyzing the real-life 

situations during the logistics operation and investigating the rest time cost.  

The optimal lot size and savings charts were developed. The optimal lot sizes were calculated 

with different unit weights (𝑤𝑢𝑛) from 0,01kg to 2kg. The increase in unit weight of item 

reduced the optimal lot size value as shown in Figure 4.1. The reason was that the relative force 

(fMVC) is increased as it is dependent to unit item weight for reducing ergonomic risks occur 

due to high load on spine. The savings were calculated by using new model with different 𝑤𝑢𝑛 

from 0,05kg to 2kg and savings were calculated with compared the total cost of maximum 

lifting and carrying limit (25 kg) which was ISO Standard Ergonomics-Manual handling 11228 

Part 1: Lifting and carrying limit for two-handed lifting where each lot size kg value equals 25 

kg. As given in Figure 4.2, an increase in unit weight reduced the optimal lot size and total cost 

and increased the savings. Increase in unit weight will increase the relative force of the muscle 

for handling. Thus, handling of heavier items will increase the rest time needs of worker and it 

leads higher rest time cost. The results showed that developed model decrease the ergonomic 

risk, increase the human well-being and productivity with optimal lot size which based on both 

economic and ergonomic optimum. 



 

 

 

Figure 4.1: Optimal lot size (q*) in different weights of each item 

 

 

Figure 4.2: Savings for different weights of each item 

Related publications to this thesis: [43], [44], [45], [46], [50] 

2. Additional integration of heat strain recovery and metabolic cost to the extended 

lot sizing models provides additional saving to the total cost of production line 

supply process and to the occupational health of human workers. The analyses 

results proved that this improvement a further extension can be for optimizing the 

lot size form ergonomics point of the view and reducing the risk of work-related 

musculoskeletal disorders and heat strain. 

In order to prove this statement, I have developed another solution for a Single-

Material-Single-Operator (SMSO) lot sizing model with human energy expenditure and 
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heat strain recovery ergonomic measures. The effects of the ergonomics factors have 

been tested in the SMSO model applying different unit weights and distance values for 

modeling and analyzing the real-life situations during the logistics operation and 

investigating the rest time cost. 

The savings and optimal lot size charts of the new model were developed with application of 

the solution algorithm. Savings gained with using new approach were calculated for different 

weight of item based on comparison of the new model and the total cost of maximum metabolic 

rate limit (200 Wm-2) for light to moderate work according to ISO 7243 Hot Environments - 

Estimation of the heat stress on working man, based on the WBGT-index values. New model 

had higher or lower savings compare to the maximum metabolic rate limit (200 Wm-2) for light 

to moderate work results as shown in Figure 4.3. Different weight of item was applied which 

changes between 0,9 and 9 in step 0,3 kg to understand the effect of the weight of item on lot 

size. As shown in Figure 4.4, higher the item weight leads to lower optimal lot size as it 

increases the kg value of handled load. The analysis results showed that new model decrease 

the ergonomic risks associated with extreme energy expenditure and heat strain and increase 

the human well-being and productivity with optimal lot size which based on both economic 

and ergonomic optimum. 

 

Figure 4.3: Savings of different weight of item 
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Figure 4.4: Optimal lot sizes (q*) for different weight of item 

Related publications to this thesis: [43], [49] 

3. Considering the effect of multi-materials in the ergonomics lot sizing increases 

further the possibility to make optimal decisions regarding the lot sizes of the 

handled materials via integration maximum endurance time and rest allowance. 

The analyses results proved that this extension decreases further the total cost of 

production line supply process and reduces the ergonomics risk of work-related 

back disorders.  

In order to prove this statement, I have developed a general Multi-Material-Single-

Operator (MMSO) lot sizing model with maximum endurance time and rest allowance. 

The effects of the ergonomics factors have been tested in the MMSO model applying 

different unit weights for the handled materials and different heights and distance 

values for modeling and analyzing the real-life situations during the logistics operation 

and investigating the rest time cost. 

The optimal lot sizes and savings of different materials charts were developed via application 

of solution algorithm and simulation model. Savings obtained by using new model with 
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5 𝑟𝑚𝑎𝑡2 = 3 𝑟𝑚𝑎𝑡3 = 1 𝑎𝑛𝑑 𝑟𝑚𝑎𝑡1 = 𝑟𝑚𝑎𝑡2 = 𝑟𝑚𝑎𝑡3 = 1. Savings are higher or lower decrease 

as increase in the unit weight of items as shown in Figure 4.5. The effect of unit item weights 

on the lot sizes of materials were analyzed as shown in Figure 4.6. The increase in unit weight 

of items reduces the optimal lot size values and optimal lot size values represents the lot sizes 

where logistics operator can work continuously, and rest time need is equals zero. The analysis 

results showed that new model decreases the ergonomic risks associated with ergonomic 

measures and increases the productivity via optimal lot size which is both economically and 

ergonomically feasible. 

 

Figure 4.5: Savings for different weight of each material 

 

 

Figure 4.6: Optimal lot sizes (𝑞𝑚𝑎𝑡) in different weights of each item 

Related publications to this thesis: [43], [47], [48] 
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4. Based on the results derived from the extended SMSO and MMSO models, one of 

the main factors on the calculated lot sizes is the maximum endurance time. The 

comprehensive methodology developed for field analysis of the phenomenon 

proved its suitability for evaluating the effects of special holding postures 

appearing frequently in material handling processes. The analysis of the 

measurements from (a, b) illustrative cases showed the clear relation between the 

postures and the maximum endurance time. Moreover, the experiment results 

proved that it is possible to recommend more convenient postures to increase the 

maximum holding endurance time according to the requirements of performing 

the material handling task with load values which are lower than the maximum 

acceptable load limit. 

In order to prove these effects, I have examined maximum holding endurance time of 

two different postures with different load values of the maximum acceptable limit of 

manual handling of load with two hands according to ISO 11228-1. 

The endurance time statistics under posture and load conditions are shown in Table 4.1. It 

shows that with increasing load maximum holding endurance time decreased. The maximum 

holding endurance time increased from 16,2 sec to 134,4 sec as load decreased from 80% load 

of maximum acceptable weight limit to 20% load of maximum acceptable weight limit for 

posture (a), and increased from 31,2 sec to 205,2 sec as load decreased from 80% load of 

maximum acceptable weight limit to 20% load of maximum acceptable weight limit for posture 

(b) (see Figure 4.7). The difference between posture (a) maximum holding endurance time and 

posture (b) maximum holding endurance time is decreased with increasing load.  

Table 4.1: Endurance time statistics of experiment 

Posture Load 

(kg) 

Mean endurance time 

(sec) 

Standard deviation 

(sec) 

Posture (a) 20 (80%) 16,2 3,6 

15 (60%) 30,6 4,8 

10 (40%) 50,4 7,2 

5 (20%) 134,4 18,8 

Posture (b) 20 (80%) 31,2 6,6 

15 (60%) 68,4 9,2 

10 (40%) 111 19,2 

5 (20%) 205,2 30,4 

∗𝑝<0,001 



 

 

The ANOVA results indicated that both posture and load significantly affected which posture 

at p < 0,004 and load at p < 0,001 the endurance time. The 20% load experimental condition 

had a significant higher endurance time for both postures where 205,2±30,4 sec for posture (b) 

and 134,4±18,8 sec for posture (a) than 80% kg where 16,2±3,6 sec for posture (a) and 31,2±6,6 

sec for posture (b). 

 

Figure 4.7 The maximum holding endurance time of postures (a) and (b) 

Related publications to this thesis: [51] 

5. Application of the new scientific results 

1. The work-related diseases are important problem that 2.3 million women and men 

around the world subject to work-related diseases every year. Thus, development 

of lot sizing model which includes ergonomic measures to eliminate ergonomic 

risks have great importance. The developed Single-Material-Single-Operator lot 

sizing model with ergonomic measures would help to determine the optimal lot-

size that worker could work without fatigue occurs. This study would also help to 

determine better work-rest time schedule for workers with rest time. Moreover, it 

would also help to decrease the total cost of operation as medical expenses of the 

worker decreased and increase the productivity as it eliminates the lost workdays. 

The developed model can help to decisionmakers for evaluating lot sizes with the 

distance of movement (production line, supermarket) and height of placement and 

picking effects to prevent ergonomic risk.  
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2. The work-related musculoskeletal disorders and heat related diseases are common 

occupational health and safety problems. Heat stress associated with heat stroke, 

heat exhaustion, heat cramps, heat syncope, heat rash and rhabdomyolysis. The 

developed lot sizing model with human energy expenditure and heat strain recovery 

would help to decrease ergonomic risks associated with heat stress and repetitive 

loading. This study would help to determine better work-rest time schedule for 

workers with rest time and also help to decrease the total cost of operation as 

medical expenses of the worker decreased and increase the productivity as it 

eliminates the lost workdays due to occupational health problem.  

 

3. The developed Multi-Material-Single-Operator lot sizing model with maximum 

endurance time and rest allowance would help to decrease ergonomic risks 

associated with manual material handling. This study would help to determine 

better work-rest time schedule for workers with rest time for different materials and 

also help to decrease the total cost of operation as medical expenses of the worker 

decreased. The integrated model could help to decrease the lost workdays due to 

occupational health problem.  

 

4. Low back pain is a very common work-related health problem with 80% lifetime 

occurrence. Maximum holding endurance time of two different postures with 

different load values of the maximum acceptable limit of manual handling of load 

with two hands according to ISO 11228-1 were examined. This study would help 

to examine the maximum holding endurance times of two different static postures 

for sustained manual holding tasks weight value lower than the maximum 

acceptable limit of manual handling of load with two hands according to ISO 

11228-1.  

6. Scope for the future study 

1. The scope for future research regarding Thesis 1, to investigate the model with other 

ergonomic measures. The extend the developed model with single-operator-multi-

material and multi-operator-multi-material models. The extend the developed model 

with other job cycles of manual material handling processes. To apply genetic 

algorithms for multiobjective optimization formulation.  



 

 

2. The scope for future research regarding Thesis 2, to investigate the model with other 

ergonomic measures. The extend the developed model with single-operator-multi-

material and multi-operator-multi-material models. To apply genetic algorithms for 

multi-objective optimization formulation. The extend the developed model with other 

job cycles of manual material handling processes. 

3. The scope for future research regarding Thesis 3, to investigate the model with other 

ergonomic measures. The extend the developed model with multi-operator-multi-

material model. The extend the developed model with other job cycles of manual 

material handling processes. To apply genetic algorithms for multi-objective 

optimization formulation.  

4. The scope for future research regarding Thesis 4, to investigate maximum holding 

endurance times of female subjects under this experimental design. To investigate the 

maximum holding endurance times in different experimental design.  

References 

1. Arslan, M. C. and Turkay, M. 2013. “EOQ Revisited with Sustainability 

Considerations.” Foundations of Computing and Decision Sciences 38 (4): 223–249. 

doi:10.2478/fcds-2013-0011. 

2. Battini, D. Persona, and A. Sgarbossa, F. 2014a. ‘’A sustainable EOQ model: 

Theoretical formulation and applications.’’ International Journal of Production 

Economics 149, 145-153. doi:10.1016/j.ijpe.2013.06.026. 

3. Bouchery, Y. Ghaffari, A. Jemai, Z. Dallery, Y. 2012. ‘’Including sustainability criteria 

into inventory models.’’ European Journal of Operational Research 222 (2): 229-240. 

doi:10.1016/j.ejor.2012.05.004. 

4. Darom, N.A., Hishamuddin, H., Ramli, R., Nopiah, Z.M. 2018. “An inventory model 

of supply chain disruption recovery with safety stock and carbon emission 

consideration.’’ Journal of Cleaner Production 197, 1011–1021. 

doi:10.1016/j.jclepro.2018.06.246. 

5. He, P., Zhang, W. X., Bian, Y. 2015. “Production lot-sizing and carbon emissions under 

cap-and-trade and carbon tax regulations”. Journal of Cleaner Production 103 (9): 241-

248. doi:10.1016/j.jclepro.2014.08.102. 



 

 

6. Jaber, M. Y., Glock, C. H., and El Saadany A. M. A. 2013. “Supply chain coordination 

with emissions reduction incentives.’’ International Journal of Production Research 51 

(1): 69-82. doi:10.1080/00207543.2011.651656. 

7. Kazemi, N., Abdul-Rashid, S., Ghazilla, A. R. R., Shekarian, E., Zanoni, S. 2018. 

‘’Economic order quantity models for items with imperfect quality and emission 

considerations.’’ International Journal of Systems Science: Operations & Logistics 5 

(2): 99-115. doi:10.1080/23302674.2016.1240254. 

8. Tiwari, S., Daryanto, Y., Wee, H., M. 2018. ‘’Sustainable inventory management with 

deteriorating and imperfect quality items considering carbon emission.’’ Journal of 

Cleaner Production 192, 281-292. doi:10.1016/j.jclepro.2018.04.261. 

9. Wahab, M., I., M., Mamun, S., M., H., Ongkunaruk, P. 2011. "EOQ models for a 

coordinated two-level international supply chain considering imperfect items and 

environmental impact", International Journal of Production Economics, 134 (1): 151–

158 doi: 10.1016/j.ijpe.2011.06.008. 

10. Chang, C., Cheng, M., and Soong, Y. 2016. “Impacts of inspection errors and trade 

credits on the economic order quantity model for items with imperfect quality.’’ 

International Journal of Systems Science: Operations & Logistics 3 (1): 34-48. 

doi:10.1080/23302674.2015.1036473. 

11. Cunha, A. R. L., Delfino, S. P. A., Reis, K. A., Leiras, A. 2018. ‘’Economic production 

quantity (EPQ) model with partial backordering and a discount for imperfect quality 

batches.’’ International Journal of Production Research 56 (18): 6279-6293. 

doi:10.1080/00207543.2018.1445878. 

12. Salameh, M., K., Jaber, M., Y. 2000. ‘’Economic production quantity model for items 

with imperfect quality.’’ International Journal of Production Economics 64 (1–3): 59–

64. doi:10.1016/S0925-5273(99)00044-4. 

13. Sebatjane M. and Adetunji O. 2019. “Economic order quantity model for growing items 

with incremental quantity discounts.” Journal of Industrial Engineering International 

15, 545-556. doi:10.1007/s40092-019-0311-0. 

14. Ahmadi G., Torabi, S. A., and Moghaddam, R. 2016. ‘’A bi-objective location-

inventory model with capacitated transportation and lateral transhipments.’’ 

International Journal of Production Research 54 (7): 2035-2056. 

doi:10.1080/00207543.2015.1082042. 

https://doi.org/10.1016/j.ijpe.2011.06.008


 

 

15. Wangsa, D., I., Wee, H., M. 2018. “An integrated vendor–buyer inventory model with 

transportation cost and stochastic demand.’’ International Journal of Systems Science: 

Operations & Logistics 5 (4): 295-309. doi:10.1080/23302674.2017.1296601. 

16. Zaho, Q. H., Wang, S. Y., Lai, K. K., Xia, G. P. 2004. “Model and Algorithm of an 

Inventory Problem with the Consideration of Transportation Cost.” Computers & 

Industrial Engineering 46 (2): 389–397. doi:10.1016/j.cie.2003.12.019. 

17. Ahmadi, B., H., Kusi-Sarpong, S., Rezaei, J. 2017. “Assessing the social sustainability 

of supply chains using Best Worst Method. Resources” Conservation and Recycling 

126, 99-106. doi:10.1016/j.resconrec.2017.07.020.  

18. Ciccullo F., Pero M., Caridi M., Gosling J., Purvis L. 2018. “Integrating the 

environmental and social sustainability pillars into the lean and agile supply chain 

management paradigms: A literature review and future research directions.” Journal of 

Cleaner Production, 172, 2336-2350. doi: 10.1016/j.jclepro.2017.11.176. 

19. Purvis, B., Mao, Y., Robinson, D., 2019. “Three pillars of sustainability: in search of 

conceptual origins”. Sustainability Science 14, 681–695 doi: 10.1007/s11625-018-

0627-5. 

20. Punnett, L., Wegman, D., H., 2004. "Work-related musculoskeletal disorders: the 

epidemiologic evidence and the debate", Journal of Electromyography and 

Kinesiology, 14(1): 13–23 doi: 10.1016/j.jelekin.2003.09.015. 

21. EU-OSHA 2019. “Work-related musculoskeletal disorders: prevalence, costs and 

demographics in the EU”, 2019 available at: 

https://osha.europa.eu/es/publications/msds-facts-and-figures-overview-

prevalence-costs-and-demographics-msds-europe/view 

22. BLS (Bureau of Labor Statistics) 2020. "Occupational injuries and illnesses resulting 

in musculoskeletal disorders (MSDs)", [online] Available   at: 

https://www.bls.gov/iff/oshwc/case/msds.htm 

23. Bevan, S., 2015. “Economic impact of musculoskeletal disorders (MSDs) on work in 

Europe”. Best Practice & Research Clinical Rheumatology, 29 (3): 356-373 doi: 

10.1016/j.berh.2015.08.002. 

24. Garg, A., Chaffin, D. B., and Gary D. H. 1978. “Prediction of metabolic rates for 

manual materials handling jobs”. The American Industrial Hygiene Association 

Journal. 39 (8): 661-674. doi: 10.1080/0002889778507831. 

https://doi.org/10.1007/s11625-018-0627-5
https://doi.org/10.1007/s11625-018-0627-5
https://osha.europa.eu/es/publications/msds-facts-and-figures-overview-prevalence-costs-and-demographics-msds-europe/view
https://osha.europa.eu/es/publications/msds-facts-and-figures-overview-prevalence-costs-and-demographics-msds-europe/view
https://www.bls.gov/iff/oshwc/case/msds.htm
https://doi.org/10.1016/j.berh.2015.08.002


 

 

25. Battini, D., Glock, C. H., Grosse, E. H., Persona, A., Sgarbossa, F. 2015b. "Ergo-Lot-

Sizing: Considering Ergonomics in Lot-Sizing Decisions." IFAC-PapersOnline 48 (3): 

326-331. doi:10.1016/j.ifacol.2015.06.102. 

26. Rohmert, W., 1973. “Problems in determining rest allowances. Part 1: use of modern 

methods to evaluate stress and strain in static muscular work”. Applied Ergonomics 4 

(2): 91-95. doi: 10.1016/0003-6870(73)90082. 

27. Battini, D., Calzavara, M., Otto, A., Sgarbossa, F. 2016a. "The Integrated Assembly 

Line Balancing and Parts Feeding Problem with Ergonomics Considerations." IFAC-

PapersOnLine 49 (12): 191–196. doi:10.1016/j.ifacol.2016.07.594. 

28. Battini, Daria & Calzavara, Martina & Otto, Alena & Sgarbossa, Fabio. 2017. 

“Preventing ergonomic risks with integrated planning on assembly line balancing and 

parts feeding.” International Journal of Production Research. 1-21. 

doi:10.1080/00207543.2017.1363427. 

29. Price, A., D. 1990. “Calculating relaxation allowances for construction operatives — 

Part 1: Metabolic cost”. Applied Ergonomics, 21 (4): 311–317 doi: 10.1016/0003-

6870(90)90202-9. 

30. Mura, M., D., Gino Dini, G. 2019. “Optimizing ergonomics in assembly lines: A multi 

objective genetic algorithm” CIRP Journal of Manufacturing Science and Technology. 

27, 31-45. doi: 10.1016/j.cirpj.2019.08.004. 

31. Battini, D., Calzavara, M., Persona, A., Sgarbossa, F. 2015a. "Linking human 

availability and ergonomics parameters in order-picking systems." IFAC-

PapersOnLine 48 (3): 345-350. doi:10.1016/j.ifacol.2015.06.105. 

32. Finco, S., Battini, D., Delorme, X., Persona, A., Sgarbossa, F. 2018. “Heuristic methods 

to consider rest allowance into assembly balancing problem.” IFAC-PapersOnLine 51 

(11): 669-674. doi:10.1016/j.ifacol.2018.08.395. 

33. Finco, S., Battini, D., Delorme, X., Persona, A., Sgarbossa, F. 2020. “Workers’ rest 

allowance and smoothing of the workload in assembly lines.” International Journal of 

Production Research 58 (4): 1255-1270. doi:10.1080/00207543.2019.1616847. 

34. Al-Araidah O., Okudan-Kremer G., Gunay E. E. and Chu C. Y. 2020. “A Monte Carlo 

simulation to estimate fatigue allowance for female order pickers in high traffic manual 

picking systems.” International Journal of Production Research  

doi:10.1080/00207543.2020.1770357. 

https://doi.org/10.1016/0003-6870(90)90202-9
https://doi.org/10.1016/0003-6870(90)90202-9


 

 

35. Andriolo, A., Battini, D., Persona, A., and Sgarbossa, F. 2016. "A new bi-objective 

approach for including ergonomic principles into EOQ model." International Journal of 

Production Research 54 (9): 2610-2627. doi:10.1080/00207543.2015.1113324. 

36. Occhipinti, E. 1998. “OCRA: a concise index for the assessment of exposure to 

repetitive movements of the upper limbs”. Ergonomics. 41 (9): 1290-311. doi: 

10.1080/001401398186315. PMID: 9754032. 

37. Botti L., Mora C. and Regattieri A. 2017. “Integrating ergonomics and lean 

manufacturing principles in a hybrid assembly line.” Computers & Industrial 

Engineering 111, 481-491. doi:10.1016/j.cie.2017.05.011. 

38. Tang Q., Ruiz R., Zhanga L. and Zhanga Z. 2020. “Ergonomic risk and cycle time 

minimization for the U-shaped worker assignment assembly line balancing problem: 

A multi-objective approach.” Computers and Operations Research 118, 104-09. 

doi:10.1016/j.cor.2020.104905. 

39. Finco, S., Abdous, M., Calzavara, M., Battini, D., Delorme, X. 2020. “A bi-objective 

model to include workers’ vibration exposure in assembly line design.” 

doi:10.1080/00207543.2020.1756512. 

40. Glock, C., H., Grossea, H., E., Abedinniaa, H., Emde, S. 2019. “An integrated model 

to improve ergonomic and economic performance in order picking by rotating 

pallets”. European Journal of Operational Research, 273 (2): 516-534 doi: 

10.1016/j.ejor.2018.08.015. 

41. Battini, D., Faccio, M., Persona, A., Sgarbossa, F. 2011. "New methodological 

framework to improve productivity and ergonomics in assembly system design." 

International Journal of Industrial Ergonomics 41 (1): 30-42. 

doi:10.1016/j.ergon.2010.12.001. 

42. Battini, D., Glock, H. C., Grosse, E. H., Persona, A., Sgarbossa, F., 2017. ‘’Ergo-lot-

sizing: An approach to integrate ergonomic and economic objectives in manual 

materials handling.’’ International Journal of Production Economics 185, 230–239. 

doi:10.1016/j.ijpe.2017.01.010. 

 

 

 

 

 



 

 

Related publications to the theses:  

43. Korkulu, S., Bóna K. 2019. “Ergonomics as a social component of sustainable 

lotsizing: A review.” Periodica Polytechnica Social and Management Sciences, 27(1), 

pp. 1-8. doi: 10.3311/PPso.12286. 

44. Korkulu, S., Bóna K. 2019. “Flexibility Analysis of Inventory Cost Model with 

Ergonomics.” International Journal of Engineering and Management Sciences 

(IJEMS), 4(1), pp. 166-173. doi: 10.21791/IJEMS.2019.1.21. 

45. Korkulu, S., Bóna K. 2019. “Flexibility Analysis of Inventory Cost Model with 

Ergonomics.” ISCAME 2018 (6th International Scientific Conference on Advances in 

Mechanical Engineering) (Books of extended abstracts), Debrecen, Hungary : DE 

Műszaki Kar, Gépészmérnöki Tanszék (2018) 238 p. 

46. Korkulu, S., Bóna K. 2019. “Integration of ergonomic aspects into lot sizing model 

based on relaxation allowance and endurance time.” In: Attila, Chikán (eds.) Book of 

Abstracts : 20th International Symposium on Inventories Budapest, Hungary 

: ISIR, (2018) Paper: SK_BK 

47. Korkulu, S., Bóna, K. 2021. “Multi-objective Optimization of Production Line Supply 

Based on Maximum Endurance Time and Rest Allowance.” In: Liu S., Bohács G., Shi 

X., Shang X., Huang A. (eds) LISS 2020. Springer, Singapore. doi:10.1007/978-981-

33-4359-7_60 

48. Korkulu, S., Bóna, K., Péter, T. 2021. "Developing a Model with Ergonomic Aspects 

Using Endurance Time and Rest Allowance for Supporting the Optimization of 

Production Line Material Supply: A Case of Single-Operator Multi-

Materials", Mathematical Problems in Engineering, Article ID 9957299, 

doi:10.1155/2021/9957299 

49. Korkulu, S., Bóna, K., 2021. "Development of lot-sizing model to prevent heat stress 

and work-related musculoskeletal disorders", Promet - Traffic&Transportation. 

50. Korkulu, S., Bóna, K. 2022. “Integration of Ergonomic Aspects into Lot-sizing Model 

of the Production Line Supply Process Based on Relaxation Allowance and 

Maximum Endurance Time”, Periodica Polytechnica Transportation Engineering, 

50(2), pp. 205–215. https://doi.org/10.3311/PPtr.19947             

 

https://doi.org/10.3311/PPtr.19947


 

 

51. Korkulu, S., Bóna, K., Kiss M., R., 2021. " Maximum endurance time of holding of 

different postures based on different loads", Work.  


