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[bookmark: _Int_7IALYiKB]Abstract 
Operations management is integral to projects in order to conduct the functions efficiently and render successful projects. It has been found that as the company would be engaged in underground activities in the coal mine, it is necessary to follow the automated material handling method in order to prevent human health hazards for the workers. Further, environmental aspects need to be considered by the company while undertaking the project of transporting coal from the mine to the steel plant in the absence of road transportation. In addition, while making procurement decisions, it is necessary for the company to consider project budget, scope, deadline and risk identification in order to procure optimal raw materials, thereby avoiding wastage and issues with storage, followed by reducing risks associated with the project. 
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Introduction 
Operation management is crucial for companies in order to undertake functions efficiently, thereby achieving the purpose of undertaking projects. The study focuses on presenting the material handling considerations for transporting coal from the coal mine to the steel plant in the absence of road transport. Three options for material handling are discussed and elaborated on in the study, followed by the evaluation of the three options. Further, the issues that need to be considered while making procurement decisions have been discussed in the study, followed by recommendations to resolve the issues. 


[bookmark: _Int_aq53KdIk]Materials handling consideration 
[bookmark: _Int_o0OCCusu]According to Watari et al. (2019), coal is a source of non-renewable energy. As a result, it is necessary to consider the importance of using non-renewable energy resources while transporting coal from mines to the place of use. An optimal quantity of coal needs to be transported in order to avoid wastage and depletion of non-renewable natural resources such as coal. It is crucial to conserve coal adequately for future generations in order to help them use this non-renewable natural resource for the purpose of generating electricity. Further, it is necessary to conserve coal by avoiding depletion for the purpose of generating energy for other purposes, thereby considering optimal transportation of coal from the coal mines to the place of usage. 
[bookmark: _Int_agGHm4J0]In contrast, Burton et al. (2019) stated that underground gasification of coal results in coal transformed into gaseous substances. It is crucial to protect the workers working at coal mines from the gas generated from coal as it is harmful and results in health hazards for the coal mine workers. Thus, a major consideration in material handling is the need to protect workers and safeguard them from the harmful gaseous substance generated from coal. The gaseous substance results in pollutants in the surrounding environment, posing threats to living organisms. As a result, it is essential to control pollution while handling materials such as coal and the gas generated from coal during gasification. 
[bookmark: _Int_pkAPM0RV]In addition, Vickerman (2021) stated that it is necessary to prevent accidents while handling materials and undertaking coal transportation activities. As a result, it is crucial for the discussed coal transportation activity to focus on preventing accidents while lifting heavy equipment and 





[bookmark: _Int_ab51P9qw]materials by workers. Accidents of falling heavy equipment are not only injurious to health but also adversely impact the safety of the workers. Further, accidents, as stated, need to be covered by the company, which in turn results in additional costs borne by the company to safeguard the workers. Further, the infrastructure of the coal mine, the steel plant and the way to transport coal from the coal mine to the steel plant need to undergo continuous maintenance in order to help workers work safely and securely at the coal mine. 
[bookmark: _Int_gWa9YQqP]Based on the above literature, it can be stated that the concerned company needs to consider the use of energy in optimal amounts, the health and safety of workers and the prevention of accidents at the site. 
[bookmark: _Int_O47NVVqy]In addition, it is crucial for such projects to consider the environmental aspects wherein the lives of natural beings apart from humans are adversely impacted due to coal transportation. The water bodies in the surrounding areas need to be protected against the disposal of hazardous wastes in order to prohibit the extinction of endangered species living in the water bodies. Further, the surrounding air needs to be prevented from being polluted, thereby improving the air quality and environmental aspects in the area from where coal is transported for the project. Thus, in addition to energy use, health and safety of workers, and prevention of accidents, the environmental aspects need to be considered in the project of transporting coal from the coal mine to the steel plant in the absence of road transportation. 


[bookmark: _Int_IaBIuyms]Chosen three options for materials handling 
[bookmark: _Int_07xRTxjz]The three types of material handling options are manual material handling, automated material handling and mechanical material handling. According to Mudiyanselage et al. (2021), manual material handling refers to the use of materials in projects by humans rather than machines and automated technologies. As manual material handling is undertaken by humans, it is deemed unsafe for projects that involve heavy equipment and hazardous materials. Further, manual material handling exposes workers to accidents as workers are prone to risks while lifting and shifting materials manually. However, it is the conventional method of handling materials at projects as, during earlier times, machines and automated devices have been absent. Humans are significantly and extensively involved in manual material handling, wherein the number of workers necessary is higher due to rigorous human activities undertaken in the projects. 
[bookmark: _Int_BSTAm7yx]In contrast, Yazid et al. (2023) stated that material handling is undertaken with limited workers while more equipment is termed as mechanical material handling. The use of heavy equipment is more common in the aforesaid material handling method than in the conventional method of manual material handling. However, the method is intertwined with risks and accidents as heavy equipment needs to be organised by human workers who are exposed to accidents therein. Moreover, the mechanical material handling method is cost-intensive because it requires the purchase of heavy equipment. As a result, projects with limited budgets and financial constraints often choose the manual material handling method, wherein the cost of labourers is less compared to the cost of purchasing equipment. However, in projects where hazardous materials are involved, it is necessary to prioritise the mechanical material handling method in order to reduce the probability of health hazards for the workers. 
[bookmark: _Int_o7xzHIfT]On the contrary, Efthymiou and Ponis (2019) stated that in the contemporary era, rapid technological advancement has resulted in the emergence of automated devices and technologies. Automated technologies have been developed for material handling, thereby leading to the evolution of automated material handling methods in projects. The automated material handling method helps workers use automated devices for the functions that have been conventionally undertaken by humans. The aforesaid method has reduced human efforts and errors, thereby improving the material handling methods and processes. However, a significant drawback of the method includes the hours of technological downtime and system dysfunction. Technologies are often subject to upgrade and dysfunction. The projects confront challenges in using the automated technologies during the hours of upgradation and dysfunction, thereby creating significant hindrances in material handling while adopting the automated material handling method. 
[bookmark: _Int_yzBfloFw]As a result, it is crucial for projects to choose the appropriate material handling method based on the needs of the projects. A project that is labour-intensive can follow the manual material handling method with an adequate number of workers to undertake the functions. In contrast, a project that requires the lifting and transportation of heavy equipment needs to follow the mechanical material handling method. However, projects that exhibit adequate budget and are devoid of financial constraints can follow the automated material handling method as the aforesaid method is cost-intensive due to the inclusion of advanced and cost-intensive technologies in the material handling process. Thus, based on the needs of the project, the suitable material handling method needs to be selected by the project manager by considering the challenges and benefits, thereby improving material handling in projects. 


Evaluation of chosen three options 
Based on the chosen three material handling methods it is necessary for the project to choose an appropriate method of material handling with reference to the project needs (Efthymiou and Ponis, 2019). The New Coal Futures project needs to ensure that the noise created is minimal while there is minimal visual intrusiveness. As a result, it is essential for the project to follow the automated material handling method that can reduce the noise by reducing human efforts. Further, as the method is effective in reducing human errors, the project can be improved with effective material handling with the automated material handling method. In addition, the project is not subject to budget constraints; as a result, it is likely that the project can incur costs in integrating advanced technologies for the automated material handling method, thereby improving material handling in the project. 
In contrast, the manual material handling method would have resulted in risks of human health hazards for the workers working in the coal mine (Mudiyanselage et al. 2021). Moreover, as road transportation is prohibited in the project, the workers would not be exposed to fresh air and would have to undertake functions underground, thereby necessitating additional safety measures for the workers. As a result, the manual material handling method would pose threats to the health and well-being of the workers working at the coal mine. This, in turn, leads to the finding that the manual material handling method needs to be excluded from the project, considering the health and well-being of the workers. 
In addition, the mechanical material handling method needs to be excluded from the project (Yazid et al. 2023). The mechanical material handling method requires multiple pieces of heavy equipment that need to be lifted and transported by human workers. This, in turn, would pose significant threats to the lives of the workers working at the underground coal mine. Further, as road transportation is prohibited in the project, it is necessary for the project to prioritise the safe transportation of raw materials and coal to the steel plant. The mechanical material handling method would likely expose the workers to accidents due to the lifting of heavy equipment, thereby necessitating its exclusion from the project. 
On the other hand, the automated material handling method would enable the project to undertake functions even in the absence of human workers, thereby undertaking the functions safely without creating human health hazards for the workers. The automated material handling method would further reduce errors in the process, thereby transporting coal effectively and efficiently from the mine to the steel plant through underground pathways. Thus, the project should emphasise automated material handling methods over the others, thereby improving the accuracy of the projects. 
[bookmark: _Int_0youA5k3]Issues that need to be considered as part of the procurement decision 
Procurement is the sourcing of raw materials, equipment and miscellaneous items for projects (Kondo et al. 2019). It is essential to consider the issues while making procurement decisions in order to reduce the risks associated with the project. The quantity of raw materials to be procured needs to be considered, followed by the quality of raw materials. Further, the storage palace and its storage capacity need to be considered in order to avoid the wastage of raw materials due to over-storage. Further, the scope of projects needs to be considered in order to understand the items to be procured for the project activities. 
The mode of transportation needs to be considered while making procurement decisions in projects (Stritch et al. 2020). As road transportation is prohibited in the concerned project, it is essential to identify alternative modes of transportation for transporting coal from the coal mine to the steel plant. Waterways and railways need to be emphasised by the project as an alternative to roadways, thereby procuring raw materials effectively for the project. Further, material quality needs to be assessed before procuring in order to ensure that the project outcome is delivered in accordance with the stakeholders' expectations. It is crucial to satisfy the stakeholders by catering to their needs in order to ensure the successful completion of the project. 
In addition, it is necessary to identify and assess the risks associated with the project in order to develop risk mitigation strategies that can effectively manage the risks, thereby rendering projects successful (Lăzăroiu et al. 2020). Effective risk mitigation strategies need to be devised prior to making procurement decisions in order to reduce risks associated with the storage of raw materials after procurement. Effective risk mitigation strategies include risk reduction, risk prevention, risk acceptance and risk transfer. Risk transfer refers to the sharing of risk burden with stakeholders in order to eliminate risks on the part of the project management team. In the discussed project, risk can be transferred to the steel plant, which is a key stakeholder in the project. The risk burden would thus be shared between the project management team and the steel plant, thereby reducing the risks in procuring raw materials for the project of transporting coal from the mine to the steel plant. Further, determining the scope of the project wherein the budget is determined, followed by determining the deliverables, is crucial while making procurement decisions (Kondo et al. 2019). It would help the project management team understand the amount or quantity of raw materials required for the project, thereby procuring optimal quantities of raw materials. This, in turn, would help the project management team avoid storing additional raw materials while procuring adequate amounts of raw materials for the project. Thus, the quality and quantity of raw materials, risks associated with the project, project budget, deadline and scope need to be considered while making procurement decisions. Project deadline further needs to be considered because it helps understand the time period within which procurement for raw materials needs to be undertaken, thereby approaching successful project completion. 
[bookmark: _Int_jzskBPIO]Overall recommendations 
In the context of transporting coal from the coal mine to the steel plant, the following recommendations are presented for New Coal Futures. It is recommended that the company undertake automated material handling methods over the other prevalent methods of material handling. 
Automated material handling methods can help the company reduce human efforts and errors, thereby increasing the accuracy of the project. Further, it would help the project cater to the health and safety needs of workers by reducing the propensity for human health hazards for the workers working in the coal mine underground and devoid of fresh air. Further advanced technologies can be integrated into the project functions to undertake the activities, thereby helping workers avoid lifting heavy equipment and hazardous substances. It is further recommended that the company focus on sustainability aspects pertaining to the environment. 
The use of coal and coal gasification often results in the generation of coal gas, which is harmful to the environment as it creates pollutants in the surrounding environment. It is necessary to protect the environment and the species living in the surrounding environment, including the water bodies, by avoiding disposal of hazardous waste into water bodies and in the environment. It is recommended that the project focus on environmental aspects while using non-renewable natural energy resources by extracting them from coal mines. Further, the extraction of coal should adhere to guidelines of non-renewable energy resource conservation for future generations, thereby avoiding the depletion of natural resources. It is recommended to New Coal Futures that it focus on project scope, deadline, risk identification, and project budget prior to making procurement decisions. 
It is essential to undertake the aforesaid activities prior to making procurement decisions in order to avoid issues pertaining to the storage of raw materials after procurement. Further, it is crucial to procure adequate quantities of raw materials for successful project completion by delivering deliverables in accordance with stakeholders' needs. Risk identification and assessment would help the company devise risk mitigation strategies, such as risk transfer to the steel plant, thereby reducing raw material storage risks associated with procurement. 
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