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1. Introduction 
Since 1990 lean manufacturing and lean principles have had a massive impact and affected manufactuing, and other businesses, ideas worldwide. Continuous improvement is at the core of lean manufacturing and Kanban is a procedure that lean depends on. 

The original Kanban system aimed to best regulate and manage work and inventory at each phase of production. Research indicates that identifying and implementing the various key rules of Kanban will have a positive impact for a business. “The main advantage of the Kanban system lies in its innate ability to drive down costs and waste by improving the flow of production” (LeanKit, 2019). A case study involving EKanban boards demonstrates the further advantages of visually managing work.

This report identifies and evaluates the effectiveness of a Kanban Inventory System for Lean Management, using a simulating Kanban case study to demonstrate that, by utilising simulation software, a business would see a range of positive impacts.  
1
2. Main Body
2.1 – Lean manufacturing
A Toyota executive developed lean manufacturing, also acknowledged as lean production, in Japan during the post-Second World War reconstruction period. "Lean manufacturing involves never ending efforts to eliminate or reduce 'muda' (Japanese for waste or any activity that consumes resources without adding value) in design, manufacturing, distribution, and customer service processes” (BusinessDictionary, 2019). Lean manufacturing, founded on various exact principles, for example, continuous improvement, is a practice that centers on reducing waste in manufacturing structures, while concurrently capitalising productivity, and this combined socio-technical method is utilised by many companies. The advantages of lean include decreased lead times and operating expenditures and enhanced product quality. 
Lean Thinking: Banish Waste and Create Wealth in Your Corporation 1996, identified the five principles in lean, alluded to as core principles and utilised as the foundation for lean implementation, as value, the value stream, flow, pull and perfection. The seven wastes identified by The Toyota Production System, that have no additional worth for the client, are superfluous transportation, surplus inventory, needless movement of individuals, equipment or machinery, stationary persons or unused equipment, over-production of merchandise, over-processing or excess time spent on a particular product and defects with the associated costs for rectification.
Lean manufacturing characterises an unwavering focus on reducing waste, and waste can be anything that the consumer perceives as no added value and are, therefore, disinclined to pay for. Continuous improvement is at the core of lean manufacturing and Kanban and 5S are notable ideas and procedures lean depends on. 
3.0 - What is Kanban 

The original Kanban system, developed in the 1940s for Toyota in Japan, was an easy planning system, the objective of which was to best regulate and manage work and inventory at each phase of production. Toyota had identified that their productivity and efficiency compared unfavourably with its American competitors, a decisive motive for the development of Kanban. The implementation of Kanban enabled Toyota to attain an adaptable and effective production control scheme, which resulted in improved productivity and diminished costly stock of raw materials, semi-finished materials and completed goods. 
A Kanban system preferably manages manufacturing from supplier to final consumer, supporting the evasion of supply disturbance and retaining stock of merchandise at different points of the manufacturing process, especially avoiding the type of blockages that would reduce the speed of the production course. The ultimate goal is to attain greater output in a diminished time. As a result, Kanban has developed into an effective method in a range of manufacturing systems.

2
In English, Kanban translates to “visual signal” or “card” and Toyota workers used visual cards as a means of effective communication for indicating the stages in the manufacturing course. Workers were aware of work requirements and timescales and the system was successful in diminishing waste and capitalizing on value, due to standardized signals and improved procedures.
Adopting the Kanban Method of controlling and refining the course of work ensures a controlled and uninterrupted approach that encourages measured advances in businesses procedures. A business embracing the Kanban principles will see greater benefits through, for example, enhanced flow and greater value to the consumer.
The Kanban Method has four foundational principles.
Visualize work – The creation of a visual model of planned work and workflow, enables workers to recognize any blockages or bottlenecks and backlogs. Workers, benefiting from improved communication and teamwork, operate with greater efficiency, as they can focus attention on identified, problematic areas and thus enhance work flow.

Limit work-in-process – Reducing the level of incomplete work in development will automatically lessen the time taken for articles to traverse the Kanban system. Job exchanging Issues can be evaded and the requirement to continually reprioritize items is lessened. Work-in-progress provides the opportunity for teams of workers to produce quality work at a greater speed than previously.
Focus on flow – Following the principles of limiting work-in-progress and teamwork policies can have a positive impact on the flow of work, as data can be gathered to evaluate flow and to identify signs of future issues. A stable flow of work enables quick, dependable delivery of goods, which in turn provides more value to consumers, teams of workers and the business.
Continuous improvement – For a business, the embedded Kanban system forms the basis for developing a culture of continuous improvement. “Teams measure their effectiveness by tracking flow, quality, throughput, lead times, and more. Experiments and analysis can change the system to improve the team’s effectiveness. Continuous improvement is a Lean improvement technique that helps streamline workflows, saving time and money across the enterprise” (Planview, 2019). 
3.1 - Types of Kanban 
As the Kanban system was put into practice in a range of settings, it evolved and divided into different sorts of Kanban. Toyota initially developed visual Kanban signs and there are two sorts of Kanbans or Kanban Cards.
Production Kanban – This consists of a comprehensive catalogue of everything required to complete the task, including materials, parts and the data needed for a withdrawal Kanban.

“A production Kanban allows the production system to start with the production and also explain the things that should be produced” (Kanbanize, 2019).
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Withdrawal Kanban – This is often acknowledged as move cards or conveyance Kanbans as if a part is moved to an alternate production area, team workers use Kanban cards as a means of signalling. “The card is usually connected to a stipulated number of parts that are taken to the working place where they are needed. When these parts are used, the cards are returned as a signal for sending the same part with the same number back” (Kanbanize, 2019).








                          (Figure 1. SlidePlayer, 2019) 

3.2 - Rules of Kanban 
Implementing key rules will enable the Kanban system to work successfully and economically and will have a positive impact on performance for a business.  

· Kanban operates on a pull planning machine, ensuring that exact amounts are ordered and processed by a business. This guarantees exceptionally, efficient expenditures; 

· When a Kanban system flow has been established, and recognised and adhered to as the key process, no item should be produced or repositioned outside of the flow. To ensure success for the end product, the Kanban system flow must always comprise of current alterations and extras to the service;
· The Kanban system is required to demonstrate and specify the exact levels of items it expects the supplier to produce, in order that there is no wastage in any of the processes and to ensure the team workers are aware of the resources needed for any project;
· A Kanban card, complete with all information relating to the process, should be beside every process or task;
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· Any incorrect or faulty resources should be sent back to either the appropriate phase or to the start of the flow, so that no excess on any project is present and to ensure accuracy at every stage;
· The aim is to demonstrate a reduction of Kanban systems over a period of time in order to lessen inventory area and to identify any breaks in the Kanban plan, resulting in increased productivity;

· Kanban systems must be accessible and stipulate details at each stage.
3.3 - Advantages of Kanban 
The various planned advantages of utilizing a Kanban system are automatically derived from lean and just in time manufacturing approaches, most notable when, to take on board changes to goods, the flow of production is diminished to lesser consignments. 

Notable advantages of a kanban system includes, improved inventory levels to avoid cash flow issues due to the costs associated with warehousing. However, reduced sales, displeased consumers and a reputation for being untrustworthy, could result from low inventory. 
An additional benefit for a business with a Kanban system in place is the eradication of overproduction. Kanban takes into account unforeseen delays as a consequence of quality and logistic issues.  

A further advantage of a Kanban system is the diminished risk of obsolete inventory. In the current, constantly changing economic era, loyalty to a brand can no longer be taken for granted by a business, especially if that business can not meet delivery times and thus consumer expectations. 
Limiting work in process is another benefit of using a Kanban system, as this strategy promotes teamwork and collaboration, task focus, almost removes multitasking and ensures increased output. 

3.4 - E-Kanban 
The introduction of electronic or online Kanban boards further enhances the opportunity to visually manage work. This method ensures all project information is saved in one place and is easily accessible at any time. 
“Electronic Kanban (E-Kanban) is a messaging system that uses a mix of technology to trigger the movement of components and materials within a manufacturing facility. Electronic Kanban differs from traditional Kanban in that it uses technology to replace traditional elements, such as Kanban cards with barcodes and RFID” (AutomationInsights, 2019). 
Barcodes are marked on inventory for use in an electronic Kanban system, in order that 
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scanning can take place throughout the manufacturing process and identify inventory usage levels, thus guaranteeing a persistent flow and low levels of inventory. 
4.0 - Case Study on E-Kanban  

A Serbian greenfield automotive company, Lames D.O.O., was aiming to further improve material flow and process and to implement an E-Kanban system to replace their classic Kanban system. 
The company benefitted from various advantages when the E-Kanban system was implemented. As Kanban cards were no longer required, losing a card and possibly damaging the stock replenishment process was now obsolete. The E-Kanban system routinely altered the amount of products in the system and the need to produce new, updated Kanban cards was no longer required. The new system ensured improved stock levels as a result of simple monitoring systems. Warehouse keepers working hours have reduced by fifteen percent, as these workers no longer need to spend time gathering Kanban cards. 
5.0 – Simulating a Kanban Model 
The Kanban system could possibly be further improved if merged with alternative approaches and simulation provides the means of examining a range of variables in a speedy time.  
“Simulation modeling solves real-world problems safely and efficiently. It provides an important method of analysis which is easily verified, communicated, and understood. Across industries and disciplines, simulation modeling provides valuable solutions by giving clear insights into complex systems. Simulation enables experimentation on a valid digital representation of a system” (Anylogic, 2019).
Simulation is usually cost effective and quicker a method when carrying out an experiment on a real system is not a possibility. A simulation model delivers improved accuracy and forcasting and gathers greater detail than an analytical model. This results in reduced costs due to, for example, awareness of future equipment requirements. 
Production times can be characterised in simulation models as the model identifies any risks and solutions to any issues can be identified. 

6.0 - Arena discrete event simulation modelling 
Arena has been adopted by a range of differing businesses worldwide, to support them in the various challenges that arise and implement specific strategies swiftly and cost-effectively to tackle issues. 
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To model a sizeable, multifaceted process can be a formidable undertaking, as in most processes, Arena Discrete Simulation continuous change is a characteristic. 
“Discrete event modeling is the process of depicting the behavior of a complex system as a series of well-defined and ordered events and works well in virtually any process where there is variability, constrained or limited resources or complex system interactions” ArenaSimulation, 2019). 
Businesses use Discrete event simulation as an effective tool for analysing procedures and systems over a specific amount of time, amending or adjusting where necessary and safeguarding any financial outlay. 
The various characteristics of the Arena Discrete event simulation software includes: 
· “Flowchart modeling methodology includes a large library of pre-defined building blocks to model your process without the need for custom programming

· Complete range of statistical distribution options to accurately model process variability

· Ability to define object paths and routes for simulation

· Statistical analysis and report generation

· Performance metrics and dashboards

· Realistic 2D and 3D animation capabilities to visualize results beyond numbers” (ArenaSimulation, 2019). 
There are many advantages for businesses utilising the Arena Discrete event simulation software. The software offers enhanced visibility when assessing the various effects of modifications to the system or process with little or no impact on the flow. The software can identify and rectify issues, lessen or dispose of blockages, decrease operating costs and ensure delivery times are moderated. Furthermore, the software enables businesses to oversee levels of inventory, personnel and all systems of communication. Overall, businesses should then see a rise in profits as a result of enhanced processes. 
7.0 - Simulating Kanban Case study 
An American electronic manufacturing service (EMS) business aimed to utilise supply chain simulation software to identify a strategy and develop a valuable supply chain design which would have a positive impact in terms of reduced costs and enhanced customer service. The complex supply chain, a linked forward and reverse logistics method, deals with a mix of new, renovated and unsuccessful products pooling resources and sharing flow networks. 
Rockwell Automation personnel worked with a notable business consulting company to develop a high-quality supply chain configuration. Using the Arena Simulation software and focusing on enhancing the supply chain a model was developed that replicated the various manufacturing and repair sites and product lines in many countries. 
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The simulation produced demonstrated the functioning of the service and repair operations in place and, in addition, the supply chain optimisation model calculated the influence on, for example, inventory levels. To ensure the business had a representative idea of transportation between countries costs, the model also forecasted inventory levels, taxes, and cost. 

Following the completion of this model, Arena’s supply chain optimisation software was used to develop alternate supply chain network plans, which mirrored changes to the businesses logistics arrangements, management of inventory and repair procedure. 
“The supply chain optimization model showed that only two of the five alternative designs met all of the company’s goals, but only one of the two had the lowest cost with the highest customer service. This final design projected a 39% reduction in repaired and failed product inventory value and carrying cost” (ArenaSimulation, 2019). 
The model also demonstrated that employing the strategy of refurbishing unsuccessful parts, only when required, would decrease costs. The model also noted that additional and outdated inventory could be eliminated. 

The model predicted transportation costs would be reduced by sixteen percent by employing direct ship as a means of transportation. The model demonstrated that sharing resources, combining third party logistics providers and amalgamating inbound and outbound consignments would reduce costs. The model concluded that a linked forward and reverse logistics method would further enhance provision and reduce costs for manging new, renovated and unsuccessful products.
“Arena helped discover the ideal logistics strategy and network design for sharing resources and channels in the manufacturer’s supply chain. The savings extrapolated as a result of using Arena’s supply chain simulation software was well over $50 million” (ArenaSimulation, 2019).
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Conclusion 
This report demonstrates that continuous improvement is at the core of lean manufacturing. Kanban is a process that lean depends upon and the advantages of classic kanban are enormous compared to non-kanban systems. “There should be no messing around and no guesswork when using a Kanban system; it makes sure that everything can be managed and dictated to in the same ways no matter what is being undertaken at any point in the process, always ensuring maximum return for minimal resource usage” (Pipefy, 2019). As highlighted in a case study, a business can benefit from using electronic Kanban boards as they further enhance the opportunity to visually manage work. 
In conclusion, the simulating Kanban case study statistics determine that utilising the Arena Discrete event simulation software enabled a business to enjoy increased profits as a result of enhanced processes. 
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