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Abstract
The aim of this report will show how big data can be used to elevate supply chain management to the next level. We will start by defining the term big data and how useful this can be if collected, managed, and implemented correctly. By using a case study, we will show how opportunities can be identified and how increased profitability can be achieved by exploiting these opportunities. We will also show the problems encountered and conclude with how successful the implementation of using big data has been to the case study and recommendations that can applied to improve results.
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Introduction
Big Data is defined as: Massive, Real-time structured, semi structured and unstructured data which is beyond the capabilities of traditional data management tools (Sun, Chen, and Yu, 2015)
Businesses have been analysing data sets for decades to help identify problems, set base lines or to help with opportunities for growth in their supply chain management. Big Data is the logical next step, by collecting and analysing extremely large data sets (the bigger the better) for trends, they are able to improve demand fulfilment, increase supply chain efficiency and improve buyer-supplier relationships (Talwar, S. et al, 2021). 
As computing power and digital storage sizes have increased over the years, so has the size of the data sets which have been harvested and managed. Being faced with such an enormous amount data can present its own problems. To help in this area advanced analytical techniques have been developed to help breakdown, filter and analyse the data into a more user-friendly format, Advanced modelling can be used to forecast trends in sales or supply demand (Viet, N.Q. et al. 2021).





Big Data
There has always been a need for businesses to analyse data, this may be to validate a hypostatise regarding growth, to improve efficiency or to identify sales patterns (Hrouga, M. and Sbihi, A. 2023). In the times before easy access to computers in the 1990’s, this would be done by hand or using basic computer programs or programming languages. Surveys, reports or records would be scrutinised, this was very time consuming, and the outputs would be basic and often yielded poor results based on the size, age and quality of the data.
With every advancement in computing technology: Performance and Storage, so has the size of data that can be collected and analysed.  
The data can now be in any format: structured or unstructured and can be gathered from many sources within the supply chain network, the most common is the diverse use of peripherals; these may include embedded sensors, smartphones, computer systems and computerised devices (Sundarakani et al, 2021)
As the size of data sets has grown over time, so has the need to improve the analysis tools or to invent new techniques to analyse this data.
Predictive analytics uses both quantitative and qualitative methods to help improve supply design and competitiveness (Schoenherr, T. and Speier-Pero, C. 2015).
A four iterative process is another technique which can be used (Nguyen, T. et al. 2018):
Material Collection
Descriptive Analysis
Category Selection
Material Evaluation
Case Study
Capacity model for LSN Diffusion.
LSN Diffusion produce atomised powders by melting alloys and pouring these through a stream of either nitrogen gas, water or a combination of the two. This causes the molten metal stream to rapidly cool, Fracture and create ultra fine powders. These are then further processed by being sieved to extract the desired size. 

To produce a more accurate capacity model the following needed to be considered: Charge size (the larger the charge size, the longer it takes to melt before it is ready to pour), the type of alloy (Nickel, Cobalt or Iron) and the melting temperature of the alloy.

LSN started by extracting the production records they kept for the last 10 years; these were taken from the production IT system and totalled some 14 million records.

This raw data contained scanned transactions and stock movements from all areas of the business, which in this case contained some which were not relevant. The extracted data was exported in a excel format. Which posted its first problem: an Excel worksheet can only contain 1,048,576 rows of data, So the extraction had to be spread over multiple Excel worksheets. The second problem was then encountered: Excel uses a computers local RAM (Random Access Memory) and the CPU (Central Processing Unit) cores to perform actions, which quickly found the limits of normal office-based computers or laptops. Additional computer resources we’re procured to allow the data to be interrogated, sorted and refined.

Firstly, they extracted only the data which was relevant to the atomising process and then broke this down by alloy type and charge size. 

Once this data was extracted, a production time could be allocated to each alloy type and to charge size. Once these different alloy cycle times were inputted into the planning model, an accurate shift melting plan could be created from the order book.

The outcome enabled the planning department to provide a more accurate production plan, which allowed resources to be allocated more accurately across the department and the production time maximised, this resulted in an average increase of capacity by 9% per asset.

Using Big Data and Benefits to supply Chain Management
The use of Big Data in a supply chain environment has now become common practice, Once the benefits have been experienced, businesses are more inclined to expand it’s use to other areas of their business outside of the supply chain.  
Big data can be used in the following areas of the supply chain:
To analyse sales habits, to track customer sales trends, allowing target groups to be identified or stock to be made available at key times or locations.
To identify stock demand, to identify patterns which would help reduce the holding of excess stock or to help build stock levels during busy or quiet periods and seasonal trends.
To analyse production cycle times/capacity models, to maximise production output based on demand or to highlight the need to outsource or to purchase additional manufacturing resources.
To monitor raw material demand, allowing raw materials to be purchased in a more efficient way or to maximise profits when suppliers are offering discounts for bulk buying.
To identify problematic areas or choke points, analysing big data can also be used to highlight areas of the supply chain or manufacturing process which could impact output.
Potential Pit Falls
Collecting, storing and managing Big Data has its own challenges:
Collecting a targeted data set would be a luxury and sometimes this is not always possible. The amount of data collected may also only contain a small percentage of data which is relevant. In either case the larger the data set the better. If you can’t have quality data, quantity may still give you same the results. In modern production and supply chains, every step of a product is scanned or logged using an array of sensors, scan stations, handheld devises, cameras, scales or logged by an operator into a computer system.


Storage and Security
Storage has its own problems, as data sets grow due to the ever-increasing use of ways to collect data as mentioned above, so has the need to expand the size of storage. As an example: Supermarket chains will have billions of records each year, these will include the obvious sales receipts, however they will also maintain meticulous records of supplier’s deliveries and for fresh produce which includes dairy, meat, fish and vegetables they keep enhanced product traceability records. 
Cyber Security needs to be considered both physically and digitally (Hrouga, M. and Sbihi, A. (2023). The Storage and security of this ever-increasing amount of data can be managed in house or outsourced to a third party, however finances need to be allocated to ensure this is stored safely to ensure only authorised users have access and backups maintained to prevent data loss. 
Managing/Analysing 
The enormous size of the data can pose a few issues: Is the right technology (Hardware and Software) being used to interrogate the data and is the right technique being employed to obtain the desired results. The normal run of the mill office computer equipment is not powerful enough to analyse these big data sets. Hardware and software once purchased would normally be a one-off purchase costs, however as datasets continue to grow, so does the need to upgrade these technologies. For those opting not store or manage their data set themselves or sets of data which extremely large or complex, third-party big data businesses can be employed such as Databricks, Teradata or IBM to collate, analyse and report results.
There are multiple techniques which can be used to extract data, choosing the right one is key to efficiently reach the desired goal. These like technology are ever changing or being updated.  The introduction of machine leaning and AI has introduced new opportunities within the realm of big data. Ongoing training or investment in these areas also needs to be considered.

Conclusion
There are many costs a business must consider if they wish to start implementing Big Data to there supply chain. Not only the initial set up costs need to be considered regarding the capture of the data and the analysis, but finances also need to be allocated for the safe storage the data (both locally and from external entities who may wish to compromise or extract the data) and any ongoing collection of data requires an ever-increasing amount of storage.
Once the obstacles mentioned above have been conquered, the benefits of using Big Data far out way the negatives. By using Big Data, supply chain managers are able to: highlight areas for improvements or to identify deficiencies in either the supply chain or manufacturing process, they are able to drive efficiencies and ultimately increase sales or output. 
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