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This paper provides generic implementation guidelines for an electronic supplier Kanban in the form of an eight step implementation Framework. This has been tested, proven and realised, providing a clear process to follow. The steps provide a clear process from mapping and analysing the current situation, an analysis of potential suppliers with corresponding criteria, and an analysis of purchased items and bottlenecks in their use within the organisation. This includes a review of the types of Kanban, Kanban loop, supplier preparation for using the system and then the integration of processes to ensure success in its use. Operational issues are comprehensively covered, together with strategic aims and underlying problems that may impact upon success. The above approach can be used to both introduce new suppliers to the system as well as give assistance to other companies wishing to implement an e-supplier Kanban. 
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1. Introduction

In the era of globalisation, it is imperative to have internal and external integration of supply chain partners for improving the efficiency and effectiveness of supply chain operations (Harrison and vanHoek 2011; Christopher 2011). Supply chain (SC) integration ensures no boundaries and thereby ensures collaboration to ease the flow of material, information, cash and other resources (Singh et al. 1990; Naylor et al. 1999). The external integration is achieved through strategic collaboration with SC partners and effective use of IT based systems such as electronic data interchange (EDI) for real-time information exchange with SC partners (Cagliano et al. 2006). The internal integration is achieved through the use of planning systems such as material requirement planning (MRP), enterprise resource planning (ERP), and just-in time (JIT) using Kanban that results in reduced uncertainty of material flows, improved efficiency, and reduced process times (Mukhopadhyay and Shankar 2005; Cagliano et al. 2006; Slack et al. 2010). 

Due to the current recession and intense competition, organisations are forced to work more efficiently. Using Lean tools and techniques such as Just-In-Time or Kanban has now become an important part of their supply chain (SC) system (Kumar and Panneerselvam 2007). Synchronised manufacturing using Lean tools such as Kanban minimises inventory and waste, leading to higher efficiency (Giard and Mendy 2008). Lage Junior and Godinho Filho (2010) defined Kanban as a “material flow control mechanism which controls inventory levels, the supply of material and production”. Kanban in the form of a target condition reveals the unexpected potential of optimisation, and thus leads to recurrent problem solving and improvement (Lage Junior and Godinho Filho 2010). According to Henderson (1986), Kanban should not be seen as the end point of improvement, but as a milestone. 

The focus of this paper is the development of guidelines on how JIT purchasing, in the form of a supplier e-Kanban, can be implemented in a medium-sized organisation. Through a literature review, research to date was found to focus on application of Kanbans, but with a clear gap in the application of a computerised electronic supplier Kanban and the success factors involved in its implementation, where there is more of a need to consider the objectives, management and constraints that may exist in a partner organisation. To enable this, the use of a suitable case organisation was sought in order to meet the aforementioned needs.  The guidelines which followed are based on primary data collected within an organisation where a supplier e-Kanban has been realised. The research also briefly discusses the critical success factors (CSFs) and challenges faced during implementation, and steps taken to prepare the supplier to use such a system. CSF’s were identified through two stages; firstly primary research through observation, use of archival data, records and documents - this offered internal information and criteria which needed analysed, and secondly, through secondary research involving a review of recent literature on Kanban and related topics. 
The second section of this paper includes the literature review on the Kanban system followed by the research methodology adopted to address the research objectives. The fourth section includes a presentation and discussion of results from the primary research, which include an outline of the eight stages of the Framework and review of the CSF’s drawn from the work.  Finally, the paper concludes in section five, providing some recommendations and future work. 
2. BACKGROUND RESEARCH
Manufacturing companies have, in the past, used several policies to manage the flow of operations (task flows or order flows or material flows), as their effective management has a direct link to the company’s bottom-line (Gonzalez-R and Framinan 2009; Chen 2012; Bendavid et al. 2011). In the last two decades the pull policies from the Toyota Kanban Production system have been one of the popular control policies (Monden 1998) to ensure SCM is a critical source of sustainable advantage through the use of IT (Sing et al 2010). Since then, several forms of Kanban system have been proposed in literature to compare its performance with other production control systems (Framinan et al. 2003; Karaesmen and Dallery 2000). The pressure for original equipment manufacturers (OEMs) and their suppliers to improve efficiency, responsiveness, logistics operations and increasing competitive advantage is growing (Hsin & Papazafeiropoulou, 2008). Shorter lifecycles, increasing demand variability, a reduction of lead times and increasing customer expectations require 21st century SC to be more responsive (Chong et al. 2010; Mentzer et al. 2001; Thakkar et al. 2011). 
Kanban is a visual tool that forms an important part of the communication process which drives lean factories (Womack and Jones 1996). Kanban signals are used to communicate effectively with the internal and external operations on issues such as production schedules, lead time of delivery, and stock information (Apreutesei 2010), to name a few (Parry and Turner 2006; Singh et al. 1990). The physical Kanban card serves as an order attached to the bin. It provides information about the supplier (supplier name, the vendor code, and the stocking location), the part (identification number, description, quantity) and the customer (user group, storage location and Kanban number) (Cimorelli 2005). The popular types of Kanban used in supply chain operations are the move/withdrawal Kanban, the production Kanban, and the supplier Kanban (Cimorelli 2005; Ramnath et al 2009; Dickmann 2007; Kumar and Panneerselvam 2007). To successfully run a Kanban system, some basic rules of operation need to be followed; for example, Kanban boxes need to be checked regularly and processed by following the first in-first out principle (FIFO); production should start only when the customer triggers an order; and the succeeding process must withdraw semi-finished products from the proceeding workstation (Ramnath et al 2009). 
This paper proposes the use of a supplier e-Kanban system to allow improved management of supply chains, leading to the improvement of manufacturing efficiency and better response to changing consumer demand. It in turn reduces labour costs, increasing competitiveness and shorter lead times (Hsin & Papazafeiropoulou, 2008). Further, the efficiency of the procurement process should lead to inventory reduction through frequent delivery, tied capital reduction through reduced stock volume, reduced cycle times due to faster processing, increased dependability and availability through enhanced stability, and increased transparency through simplicity of handling closer cooperation with the supplier (Lage Junior and Godinho Filho 2010; Waters-Fuller 1995; Barkmeyer 2007). Greater coordination of the flow of goods and data can be achieved through internet-based computing.  The use of the internet has enabled companies to compete on domestic as well as international markets, and has improved responsiveness. Implementing Information and Communications Technology (ICT), e.g. Radio Frequency Identification (RFID), Electronic Data Interchange (EDI), Enterprise Resource Planning (ERP), and Material Requirements Planning (MRP) systems, may improve efficient management of SC. 
e-Kanban is a mostly internet-based application that automates the transfer of the Kanban signal via a barcode scan to an upstream supplier (Barkmeyer 2007). No large investment is necessary to set up an electronic Kanban system compared to other IT technologies used in the supply chain, such as RFID and EDI (Wildemann 2003). Thus, even small and medium-sized enterprises (SMEs) are capable of implementing e-Kanban to promote real-time information exchange with its customers; in most cases these are large organisations. According to Lage Junior and Godinho Filho (2010, pp13-21), “e-Kanban is a variation of Kanban with modifications”. This is why the essential characteristics of Kanban and supplier Kanban can be applied to e-Kanban as well, although the implementation can prove difficult.
Every time the bar code on the Kanban card is scanned , the status of the container changes within the system from “empty” to “in process” to “in transit” to “full” (Drickhammer 2005). When a lot size is withdrawn from the Kanban buffer, the bar code on the container is scanned and the Kanban status changes from “full” to “empty”. A new electronic Kanban (= order) is generated in the system and sent to the supplier. The supplier can receive Kanban signals in different ways, either by logging into a secure website or by an automatically generated email sent to the supplier. From the time of receiving the signal the status changes to “in process” and the supplier needs to prepare the new material order within a set time limit. 

The advantages of e-Kanban over manual Kanban is manifold. With e-Kanban, manual card handling and order-entry activities are reduced to a minimum, with no chance of lost cards. This simplifies the purchase process and releases the administrative workforce. Hence the replenishment signal cannot get lost, which almost eliminates the risk of starving (Drickhammer 2005; Ardalan 2011; Krishnaiyer and Padmanabhan 2009; Ultriva Inc. 2007). Additionally, e-Kanban formalises the communication process and eliminates many of the manual errors which arise from faxing Kanban orders or emailing spread-sheets to suppliers. This also overcomes primary limitations such as physical distance, where the use of original Kanban is hindered (Hadaya and Cassivi 2007; Barkmeyer 2007). With e-Kanban as a mutual base, communication with suppliers is clarified. E-Kanban acts like a “control panel”, enabling real-time visibility of demand signals and provides an overview of the status of every Kanban in the system. Using e-Kanban adds even more value through improved flow coordination of the purchased materials, reduction in the WIP, automatic record keeping, increased flexibility in supply and an increased and faster responsiveness to fluctuations in demand (Junior and Filho 2010). This offers the opportunity to ease and speed the analysis of supplier performance. Reporting on system performance is also both faster and more accurate. 

E-Kanban is more efficient in supporting activities in production, such as wider application and easy integration with other production planning and control software, like ERP systems, allowing integration across networks. As many companies use a production planning and control software system, one could argue it might be more difficult to integrate a "manual" Kanban system into a lean production facility than an electronic one (Bendavid et al. 2010; Ultriva Inc. 2007; Yang 2000; Hopp and Spearman 1996).

A successful application of Kanban depends to a great extent on the supplier (Waters-Fuller 1995). This is underpinned by the fact that zero, or a small amount of, safety stock exists; timing, quality and quantity of deliveries are vital to meet end-customer expectations (Waters‑Fuller 1995). For good collaboration between the buyer and the supplier, a close and fair relationship is fundamental (Liker and Choi 2004). A relationship based on trust, commitment and loyalty between supply chain partners, creates increased profit for both sides, through the understanding of their counterpart’s interests and needs (Hadaya and Cassivi 2007). More freedom for the supplier and shifted responsibility along with a long-term contract encourages the loyalty of the supplier and reduces the risk of an interruption to the supply (Waters-Fuller 1995). 

An externally-integrated SC towards the supplier builds the fundamentals of a close relationship. With better information flow and greater visibility, the supplier is able to forecast customer-specific needs and therefore is capable of responding better to manufacturer’s requirements, benefiting the buyer as well (Drickhammer 2005; Hadaya and Cassivi 2007; Barkmeyer 2007). A close relationship also provides access to the customer’s expertise and increased assistance from the buyer, receiving a long-term contract and favourable payment terms, allowing a better focus on R&D effort (Martel 1993; Waters-Fuller 1995; Henderson 1986).

The selection and evaluation of Kanban suppliers is a CSF to ensure successful implementation and a seamless operation (Oh 2011). According to Waters-Fuller (1995), selection and evaluation must be based on quality, speed and delivery performance, rather than using price as the only criteria in making the decision. General criteria for selection include: quality, co-operation, delivery performance and reliability, geographical location of the supplier, price structure, workforce, professionalism, management attitudes and technical capabilities (Waters-Fuller 1995; Christopher 2011; Slack et al. 2010). However, a dependent relationship with a Kanban supplier does bring risks. If a supplier does not adopt the same procedures it may not be able to react quickly to demand changes over the short term, therefore not meeting contractual requirements (Henderson 1986). Unexpected interruptions can appear, such as bad weather conditions or a vehicle breakdown (Waters-Fuller 1995) which requires robust analysis (Ouyang 2011) and their stability carefully analysed. To secure production stability, a backup strategy should be developed to cover those risks; recent work has focussed on flexibility, continuity and change to cope with uncertainty (Gupta 2011).

3. Research methodology

For this research, data was collected by using the case study method. Case study research facilitates real life enquiry of a contemporary phenomena and behavioural events over-which the investigator has little or no control. Case study research ensures systematic measurement of various outcomes and processes through using multiple sources of data [e.g. observations, interviews, and documentation] (Eisenhardt 1989; Voss 1995; Meredith 1998; Yin 2009). It is also a useful strategy in the early phase of research, where there may be no previous work for guidance (Meredith et al. 1989) or where existing theories seems inadequate (Eisenhardt, 1989). 
A case study can be conducted when the research focuses on issues within a single organisation (Jankowicz 2005). An important strength of the case study approach is the ability to undertake investigation into a phenomenon in its context (Rowley 2002). So, using a case study as a method of research, the development of a full and detailed understanding of the structure and issues within the organisation would be possible. Through this, existing theories and studies could be assessed and challenged (Saunders et al. 2009). Typically, it “uses multiple data sources including two or more of: direct detailed observations, interviews, and documents” (Rowley 2002).

This research used a case-study based approach in a mid-sized organisation to evaluate the current situation and potential for improvement in the organisation through the use of an e-Kanban system. In this research, a case study was used to identify how a supplier e-Kanban system works, to develop an implementation framework, and also provided a base (Rother 2010) from which to foresee possible benefits from implementation. 
Secondary data collection through a literature review provided general descriptions of Kanban and surrounding topics in order to develop a better understanding of the topics and related issues (Saunders et al 2009). Primary research was undertaken in the form of participant observation (where one of the researchers was part of the project team implementing an e-Kanban for 3 months), enabling the sharing of experiences through observations (Gill and Johnson 1997; Saunders et al. 2009). This allowed valuable understanding and review of different perspectives of the case organisation, and how work was carried out as well as general working practices, processes and issues in the organisation. Further, use of records from previous use of processes provided quantitative and qualitative information (Yin 2009). Both computerised organisational and service records were used from the production, planning and control system. The disadvantage of this approach was the low retrievability.
Triangulation of the data collection method was in the form of documentation and archival records which facilitated the development of a framework for supplier e-Kanban implementation. The data gathered within the company offered internal information and identified special topics and relevant criteria points which need to be analysed. Through the above, the construction of guidelines on how to implement supplier e-Kanban in a mid-sized firm was possible. The implementation of the framework also helped to identify the CSFs at each stage of implementation, and the challenges faced and risks involved in developing such system. 
The reason for selecting this case study organisation is two fold. The case organisation is a worldwide market leader in the manufacture of hand-held diagnostic instruments and considered as one of the exemplars of good SCM practices. Secondly, one of the researchers was involved in a past project with this organisation and thus had a good knowledge on availability and accessiblity of data to achieve the research objectives of this project. Being part of this organization in the past helped one of the researchers to gain access to the organization and observe the changes implemented in the form of e-Kanban. Thus this reserach is more of a case study approach rather than action research. The project was performed within the supply chain management team, whose task was to spot and analyse improvement potential along the whole supply chain, and improve the production processes through applying Lean techniques (the organisation recently started Lean application in their SC) for improving efficiency and reduction of waste. The analysis of the current supply situation, the supplier structure, (including integration) and the analysis of purchased parts, was intended to clarify the need for, and the design of, an action plan. The e-Kanban system was piloted with one of the suppliers of the organisation, which fell in the category of a medium-sized organisation (between 50 to 249 employees). 
4. process analysis and data evaluation
The review of secondary literature covered the range and particular objectives of Kanbans and as a result provided an overall view of supplier e-Kanban. This view contained possible strategies for implementation and benefits and risks of implementation of supplier e-Kanban. Applying the knowledge gained to the primary data in the form of realistic data material which has been collected within the company, the implementation of a supplier e-Kanban was made possible, Figure 1. Development of the framework was based on steps followed in the case study organisation to implement e-Kanban. It was compared with literature to develop a revised eight step framework, shown in Figure 1. CSF’s and challenges were analysed to provide issues to be considered when implementing e-Kanban, based on the analysis of all the methods used to collect primary data. This section briefly discusses each step of the framework, the challenge, and success factors involved in implementation of each stage of the framework. 
<<Add Figure 1>>
Stage 1: Value stream mapping 

To improve a process, it is important to first investigate and have an appreciation and overview of the initial situation, otherwise an action plan cannot be formulated. Value stream mapping (VSM) allows material and information flow within each process to be analysed to find muda (waste). VSM is applicable to nearly every process and provides important knowledge about weaknesses and optimisation potential (Leyendecker 2008). By means of Rother and Shook’s guidelines (2003) for value stream mapping and Wee and Wu’s explanations (2009) and by following Toyota’s rules of “gemba gembutsu”, the current state map (CSM) was drawn, as shown in Figure 2, on the basis of process observation at the place (gemba) to see the actual thing (gembutsu), in order to be able to eliminate waste (Liker 2004). Eight types of waste were identified as shown in Figure 2. Based on the CSM, the target condition and the future state map (FSM) were designed by developing ways to eliminate waste and create a smoother flow. 

The CSM highlights the large administration effort required for production planning. Without this planning, workstations are not able to produce. Production planning is executed by the company’s Production Planning System (PPS), and levelled on a minimum stock level. This contains and manages all information regarding products (construction plans, bills of material, production steps), and every workstation (lead times, workflow) and schedules the production. Material is pushed through the SC and creates stock between every work station. This leads to high inventory, high WIP, complexity and less space between and within the cells, with a resulting long lead time.

<<Add Figure 2>>

The FSM, Figure 3, provides a realistic production design after implementation of a supplier e-Kanban. Material will still be pushed between the stations. Because lot sizes are smaller than the batch in the CSM, and usually only one container at a time arrives at the work station, quick processing is possible and a vast buffer does not occur. In this organisation, an internal Kanban exists in the final assembly; the supplier e-Kanban was built between the supplier and the stock of semi-finished parts.
<<Add Figure 3>>

As shown in Figure 3, electroplating and shop floor are both bottlenecks within the SC. Here physical restrictions are created; the machinery only works efficiently if a certain amount of parts are manufactured at the same time. This bottleneck was kept in mind for the later dimensioning of the Kanban loop. Comparing the two maps, a reduced administration burden, a reduced WIP and shorter lead times were found. 
Stage 2: Supplier analysis

To select possible e-Kanban suppliers, an ABC-analysis of archival data from the organisations’ production planning system (PPS) was conducted to categorise the suppliers with relation to the purchasing value (Ramnath et al. 2009), Figure 4. For the analysis, the purchased volume per supplier per year was multiplied by the price per unit, to calculate the value which was received by each supplier in 2010. Arranging the results according to value, 80 per cent of the total purchasing value is reached with the 36 most important suppliers (classed within ‘A’ type) and 54 per cent of all orders (5246 of 9698 orders) were accomplished by 6 per cent of the suppliers. This set of 36 suppliers is the target group to introduce to a supplier e-Kanban. It was not worth introducing a supplier e-Kanban to “B” and “C” vendors, owing to infrequent order patterns and small batch sizes. 
<<Add Figure 4>>

Next, in order to rank the set of suitable suppliers and set the sequence of introduction to the system, soft facts including the location of the supplier’s plant, supplier capabilities, experiences from past collaborations and current co-operation were taken into account. In particular, for this phase of implementation of the system, it was important to have good collaboration with the supplier. The alertness and accuracy of the supplier must be ensured to avoid mistakes creeping in at the beginning and becoming established. It was observed at meetings with the pilot suppliers that interest in the supplier eKanban was very high. The suppliers perceived the chance to profit from the manufacturer’s experience and to transfer the momentum for improvement to their own company. The fact that there was no investment required from the supplier in the project was rewarded by the supplier making no price changes or other changes even if their field of tasks got extended.
Stage 3: Analysis of selected parts 

By looking at the division of purchased parts according to their prices per unit (PPU), a supplier e-Kanban seemed a more feasible option. Fifty per cent of all purchased parts had a value of less than one Euro. Therefore to introduce an e-Kanban, the organisation followed the rule of simplifying procurement procedures with low value products. Taking into consideration the structure of the purchased parts, it was decided to introduce only “A” materials first. Of 195 different parts, 45 were “A” parts and therefore suitable for supplier e-Kanban. This proportion of the total is higher than the normal 20% quoted for “A” items, due to the necessary component parts used in the assembly.
Stage 4: Investigation of selected parts

According to Ramnath et al (2009), tabulating the component list with information on lead time, transportation, average demand and the “way through the assembly” is needed for dimensioning the Kanban loop. The data for the aforementioned items were collated using the VSM conducted in stage 1 and also using the organisation’s PPS. The two bottlenecks spotted in Stage 1(electroplating: size of the rack; shop floor: setup-time through sharpening tools) were considered as additional lead time. By observing the process, lead times within the work stations were calculated (shown in Figure 3). In addition, actual batch sizes and inventories at all stages, as well as final utilisation and the final product which contains the purchased part, have all been investigated with help of the PPS to create a base to dimension the Kanban loop.

Stage 5: Dimensioning of Kanban loops/ sizes 

Through process observation and analysis of archival data, a base was created to dimension the Kanban loop. The final assembly was leveled as a one-piece-flow, thus an accurate daily demand for the purchased parts needed for the final assembly could be defined. The dimensioning was geared to the exact demand of the one-piece-flow at the final assembly which withdraws the material from the Kanban loop. The data collection for dimensioning was done in previous stages using criteria such as the replenishment lead time (from semi-finished good (SFG) stock, to finished good (FG) stock), daily consumption including a safety factor and scrap rate, total Kanban volume in the loop, total number of cards, container capacity and volume per container. With use of Toyota’s Kanban formula, Figure 5 (Kumar and Panneerselvam (2007), the Kanban loop was dimensioned. Internal rules for dimensioning Kanban loops were laid down. The daily demand contained twice the standard deviation and a safety factor of 1.1. Multiplying the daily demand with the replenishment time equalled the volume of the Kanban loop. The container capacity conforms to the bottleneck at the electroplating work station (size of the rack). Dividing the volume of the loop by the container capacity equals the number of necessary Kanbans.

<<Add Figure 5>>

Lee-Mortimer (2008), advocates lot sizes being set quite large in order to secure a flat run, with sizes being diminished when the system runs stable; it is more important to get the system running and not risk failure, rather than reducing the WIP too fast. The size of the safety factor needs to be thoroughly discussed as this is the factor which should guarantee a smooth run of the system. In this case, according to the documents (inspection plans), the quality in the past was very high, with any interruptions seldom seen to the run, as was supplier reliability, deduced from past supplier evaluations. On the basis of these facts, a safety factor of 10 per cent was decided.

Stage 6: Securing material and information flow

After dimensioning the loops, a smooth information and material flow must be secured. Observing production processes provided an insight into the information flow before the supplier e-Kanban was started. After the implementation of the e-Kanban, information relating to routing of materials and its processing was transferred to the Kanban card (which contained information such as item number, drawing number, source and final sink, container size, container content, date of latest delivery). It is debatable whether it is necessary to make the sequence of processing work stations visible on the card. The preceding work station had to look in the PPS to know where the material should be forwarded. Furthermore, the greater the distance between two scanning stations where the parts change status, the bigger is the grey area of uncertainty. The grey area is the time span and the physical path within the company through which the parts cannot be precisely followed. In other words, nobody really knew where the material was at any exact moment.  

The software itself does not provide additional information to a conventional card other than the status of every Kanban within the loop. Cells have information about the handling of the Kanban such as maximum throughput time within the cell or basic rules on material flow. The delivery of goods is carried out by rail via the “daily milk-run” (Waters-Fuller 1995). This is feasible because most of the “A” vendors are located in close proximity to the company. To coordinate the pick-up of goods the purchasing department monitors the system in order to inform the rail service when deliveries at the supplier’s plant are shown as “ready”. Later in the run, information flow goes directly to the rail service via direct access to the system. 

Due to the significant vertical integration of the organisation with its important suppliers, the organisation often provides its supplier with raw material which the supplier processes to make parts. Before the implementation of the supplier e-Kanban, the purchasing department monitored and edited the raw material account of the supplier by debiting and adding raw material by means of orders. This was replaced by the Kanban system and only delivery receipts and invoices pass the purchasing department for checking. Material needs a set number of days (eleven days) from entering the organisation to the final SFG stock through various process steps. After that, the status of the Kanban changes to “full”. Not until then can the invoice be authorised and after that the payment to the supplier is made. 

Stage 7: Supplier preparation

Before the supplier e-Kanban became operational, meetings and workshops were arranged to explain the aim of the Kanban. This was also done in order to describe the process, to review the software to be used together with its capabilities, and to train the supplier in the use of software and equipment. Open orders were checked to be sure that they did not overlap with the Kanbans which would accumulate when hidden in the assembly line. To further avoid this problem, existing stocks were monitored at the supplier’s side as well as on the company’s side to create a fluent transfer to the system.  Furthermore, the supplier had to be equipped with necessary instrumentation- a Kanban card printer, as well as being provided with enough containers. It was found that at least twice as many containers as the number in the loop were needed at the supplier’s side, arising from the rapidity of the e-Kanban signal. The supplier also needed to be apprised of quality inspection which is outsourced together with corresponding policy and procedures.  Installing a supplier e-Kanban leads to new tasks and responsibilities on both sides. A Kanban agreement, including Kanban rules, agreements about the quality of delivery, minimum purchased quantity by the manufacturer over a specified time period, as well as penalties when a rule is not followed, is obligatory and must be signed by both sides.

Stage 8: Internal preparation 

To start a supplier eKanban, stocks at all stages need to be taken into account. Therefore the current inventory must be calculated with the help of the PPS, thereafter reduced by the total WIP which will be in the loop when the supplier e-Kanban is started. The amount left over must be used before the system is started. The new WIP must be repacked in the newly-designed format (container size and quantity) and Kanbans must be attached to the containers. This should happen at the earliest point the stock arrives in the company, to follow the “pull” principle and to avoid hidden stock within the company. 

Internal Kanban rules must be established. The most important rule is that only the Kanban cards can represent an order and no other route sheet should occur within the production concerning the Kanban material. Clear procedures need to be written, and outlines to specific staff stated, with training provided as necessary. Questions and concerns need to be clarified and the action plan explained. A responsible person for the supplier e-Kanban should be appointed to address the queries between organisation and suppliers. Any resistance found during observation can be countered by broader involvement of the employees to ensure positive thinking about the change. After the implementation phase, an audit is necessary (Lee-Mortimer, 2008) to ensure that inappropriate handling and mistakes are not occurring which could counter the success of the supplier e-Kanban. This audit should take place after a full introduction of the first supplier to the system. 

The main factors to ensure success in the eight stages of implementation are summarised in Table 1. The factors were derived based on a brainstorming session with teams involved at each of the eight stages of the framework. Table 1 highlights the list of factors that should be considered at each stage of implementation to successfully implement this framework. Observation had shown that the success of the implementation essentially depends on an adequate time schedule. Trying to introduce the system too quickly will fail through insufficient time spent on preparation. Moreover, many people are affected (employees, supplier, etc.) by this change process. It is impossible to convince everyone in a short time. In addition, the complexity of preparing every single work station within the company should not be underestimated; as expected at the outset, problems occured during implementation and were required to be resolved. Furthermore, the software must be checked to avoid failure.
<<Add Table 1>>

To estimate the value of the implementation of a supplier e-Kanban, process costs need further analysis to show potential savings. Comparing the average of the old batch size with the new averaged lot size, a significant reduction of 93.8% was found. Secondly, working effort has been reduced significantly. The gray coloured arrows in Figure 6 show the diminished work effort through implementing a supplier e-Kanban. Administration effort in the remaining steps has been reduced through collective invoices, digitalised invoices and delivery receipts, and digitised archival storage. 

<<Add Figure 6>>

The application of this e-Kanban system resulted in the elimination of eight steps (from initial 10 steps) from the purchasing department process (as shown in Figure 7). The eight steps eliminated (80%) included those associated with the order processing and printing of associated paperwork, and the related manual confirmation paperwork and time involved to process this. These eight steps were all incorporated in the computerisation of the work involved. Wasted working time can be reduced by simplified processes with the help of the software of the e-Kanban. For example, 54% of all orders were compiled by all “A” vendors (refer to Figure 8): if these suppliers become e-Kanban suppliers, a reduction in the above described non-value adding steps of 54% will be achieved (refer to stage 2). 
<<Add Figure 7>>

<<Add Figure 8>>

Through computerisation, elimination of manual errors and time saved, this resulted in significant savings – the economic quantitative analysis of which is beyond the scope of this paper. An evaluation of the detailed costs of the other departments would ordinarily be necessary, but was not possible within the bounds of this research project. However, although this cannot be quantified here, savings will be found through the factors affected in the adoption of the approach, for example, time saved, a reduction in resource required, less materials in the system and a corresponding reduction in the manpower involved throughout the overall system. The project team reported that savings generated from the project outweighed the cost of implementing such a system. The effectiveness of such a system can be realised by calculating process costs frequently, especially in times when there are changes within the production process, in order to keep an oversight of the production and process costs. Mapping the process costs is a CSF as it shows and clarifies internal costs and therefore helps to measure the current and target condition. Furthermore, it should also support the setting of new targets. 
After the successful implementation of e-Kanban between the case study organisation and one of its suppliers, as a pilot project, guidelines were formed to introduce other suppliers to the system, and to give assistance to other companies willing to implement supplier e-Kanban.

The organisation had thus developed an internet-based application as a base for supplier e-Kanban. The application is password-secured and only for suppliers applying an e-Kanban system. By logging in to the system, every supplier can monitor the Kanbans, the different status of the Kanbans, and the current location of the container. Thus, the supplier has an overview of what will be needed shortly and can therefore prepare material in advance, before the actual signal arrives. This clarity gives the supplier more flexibility to ready the next Kanban.

However, it is imperative to consider the risk involved in implementing such systems with a Kanban supplier. If a vendor does not adopt the same procedures and does not therefore achieve the same benefits, then the supplier will probably not accept the demand of a precision delivery within a short time period. Difficulties will also occur in meeting the precise quantities which are required by the manufacturer. Another risk that arises is the dependability of deliveries. Even if the supplier is willing to hit the delivery window set by the buyer, unexpected interruptions can appear, such as bad weather conditions or a vehicle breakdown (Waters-Fuller, 1995). To secure production stability a backup strategy should be developed to cover those risks. The organisation had taken into account the aforementioned risk involved in this process of implementing e-Kanban with their ‘A’ type vendors. The organisation had a long-term, trust-filled relationship with their ‘A’ type vendors and thus was willing to invest in such technology to improve their SC performance. 

5. Conclusion and future Recommendations 
The framework developed for the implementation of a supplier e-Kanban enhances operational tasks such as providing materials and guaranteeing a smooth run. The framework also allows  strategic aims to be followed, and allows any underlying problems that may impact success to come to the surface, to be solved. The Kanban can be developed further by reducing WIP and improving processes, with the long-term vision of eliminating the Kanban in order to produce a one-piece-flow (Gross and McInnis 2003; Rother 2010). What is meant by this is a theoretical process through which materials flow when required, as required, just prior to shipment to a pre-arranged timescale; all stages involving no wasted resources. Through the successful implementation of the e-Kanban, the organisation has moved further toward this ideal, normally found in process industries where the product is manufactured by continuous operation. Kanban is certainly not the only system in a company and does not cover all requirements of a company (i.e. purchasing of “B” and “C” parts from “B” and “C” vendors) and therefore an efficient purchasing and production process requires a mix of methods and techniques, as confirmed by Dickmann (2007) and Rother (2010). Hence, due to these constraints, the application of an e-Kanban is contributing to an ideal objective, where gaps found in terms of value not being added or where resourse is wasted, need attention with a goal of further integration of the process as a whole.
As the e-Kanban system had been recently tested and implemented, there were some recommendations which arose out of the inherent errors. In the system, at the time of the research, the supplier had to wait until the material reached the final stock and the “full” status before invoices were paid. This problem could be resolved by introducing a new signal to the system, such as “in house”, to confirm that material is received and is located in-house, in order that the supplier can be paid.

When the supplier was provided with raw material to process, an account for debiting and crediting the used raw material was necessary. This account had been monitored by the purchasing department before the e-Kanban was started. Within the new system, the purchasing department no longer monitored all orders, and therefore extra effort was required to debit and credit the raw material account; an account for the raw material provided within the software which is automatically debited and credited with the right amount when a Kanban is “full” or “empty” would ease the procedure.

The attachment of Kanban cards was suboptimal; because the physical container changes at working stations (e.g., when the container and material is oily and needs to be washed before further processing), Kanban cards could not be stuck to containers satisfactorily. Clamps would solve the problem. The current design of the Kanban card is insufficient, solid Kanbans could be used and easily moved from one container to another when a container change was necessary. Information about the route of the material must be given to let proceeding and succeeding stages know where the material needs to be forwarded.

At the moment, clarity of production scheduling is not available at every stage within production, and planning the processing of Kanban parts is impossible within cells. This results from a lack of connection to the software. Installation of one scanning station per work station would give more status to a part within the flow, and result in visibility for the whole SC meaning internal cell planning would be possible.

The case organisation highlighted significant managerial implications. Good collaboration between buyer and supplier following successful selection and evaluation resulted in a close, fair relationship based on trust, commitment and loyalty. This in turn increased the profitability of both parties. With improved information flow, forecasting and response times were enhanced, as was the building of expertise and knowledge. Allowing close involvement and empowerment of employees throughout the chain brought significant finanacial rewards and waste reduction. In turn, risk was negated due to all parties developing together, using the same procedures.
The results concur with information provided through the secondary literature, which supports the generic application of the guidelines since they are formed from peer-reviewed literature. Apart from physical issues surrounding the initial implementation of Kanban, Rother (2010) correctly asserted that “the purpose of Kanban is to eliminate the Kanban”. The supplier e-Kanban is only one step on the ladder of improvement – the overall vision of the approach should be to reach a one-piece-flow over the whole supply chain.

Whilst this research has reviewed the practical application of e-Kanban, it is recommended that further research should also be undertaken in applying an e-Kanban to new market requirements and conditions in volatile markets and where strong competition exists, including investigation of the SC in relation to dimensioning the Kanban loop. Due to the restricted field of the primary research, with only one sample being studied, reliability and validity is limited- although it is possible that the strategic guidelines and experiences may be applied to other companies. Further, there is the need to clearly outline and define the strategic aims and ensure they are in line with the objectives of the approach; organisations at different stages of development may have different priorities and therefore may follow the framework, but place more emphasis on different stages. For example, there may be more need to address internal issues before placing too much emphasis on how they interact with suppliers, although there will be the need for a common set of objectives in the long term; elimination of waste, an ideal process and clear communication between all parties involved. In doing this, future research may wish to review further, the part management style, culture and training and support may add. Because the research was conducted in a real business setting, statistics may change due to changes in the market (demand pattern, prices, changing products) and therefore only provide a limited validity for the research. 
references

Apreutesei, M., Arvinte, IR., Suciu, E., and Munteaunu, D., 2010.  Application of Kanban System for Managing Inventory.  Bulletin of the Transilvania University of Brasov, 3, 52.

Ardalan, A and Diaz, R., 2011. NERJIT: Using Net Requirement Data in Kanban-Controlled Jumbled-Flow Shops. Production and Operations Management, 21(3), 606-618.
Barkmeyer, E.J., 2007. An Ontology for the e-kanban Business Process. National Institute of Standards and Technology, Internal Report 7404.
Bendavid, Y. Boeck, H. and Philippe, R., 2010. Redesigning the replenishment process of medical supplies in hospitals with RFID. Business Process Management Journal, 16(6), 991-1013.
Cagliano, R., Caniato, F. and Spina, G., 2006. The linkage between supply chain integration and manufacturing improvement programmes. International Journal of Operations and Production Management, 26 (3), 282-299.

Chen, K-M. Chen, J.C. and Cox, R.A., 2012. Real time facility performance monitoring system using RFID technology. Assembly Automation, 32(2), 185-196.
Chong, A.Y.L, Ooi, K.B, Murali. R. and Lin, B., 2010. Factors affecting the adoption level of collaboration commerce technologies in supply chain management: an empirical study of Malaysian electrical and electronic organizations. Journal of Computer Information Systems, 50(2), 13–22.

Christopher, M., 2011. Logistics and Supply Chain Management, 4th edition, Prentice Hall: London.

Cimorelli, S., 2005. Kanban for the supply chain: fundamental practices for manufacturing management. 1st Edition, Productivity Press: US.
Dickmann, P., 2007. Schlanker Materialfluss., 1st Edition, Springer- Verlag Berlin: Heidelberg.
Drickhammer, D., 2005. The Kanban E-volution. Material Handling Management, March 2005, 24-26.
Eisenhardt, K.M. 1989. Building theories from Case Study Research.  The Academy of Management Review, 14(4), 532-550.

Framinan, J.M. Gonza´ lez, P.L. and Ruiz-Usano, R., 2003. The Conwip production control system: review and research issues. Production Planning & Control, 14(3), 255–265.

Giard, V. and Mendy, G., 2008. Scheduling Coordination in a Supply Chain Using Advance Demand Information. Production Planning and Control, 19 (7), 655-667. 

Gill, J., and Johnson, P., 1997.  Research Methods for Managers. 2nd Edition. Paul Chapman Publishing: London.

González-R, Pedro L. and Framinan, Jose M., 2009. The pull evolution: from Kanban to customised token-based systems. Production Planning & Control, 20 (3), 276- 287.
Gross, J.M. and McInnis, K.R., 2003.  Kanban made simple: demystifying and applying Toyota’s legendary manufacturing process. AMACOM, a division of American Management Association, US.
Gupta, VK., 2011. Flexible Strategic Framework for Managing  Forces of Continuity and Change – Study of Inward Supply Chain of a Leading Automotive Company in India. International Journal of Business Excellence, 4 (2), 142-159.
Hadaya, P. and Cassivi, L., 2007. The role of joint collaboration planning actions in a demand-driven supply chain. Industrial Management & Data Systems, 107(7), 954-978.
Harrison, A., and van Hoek, R., 2011. Logistics Management and Strategy, 4th edition, Prentice Hall: London.
Henderson, B.D., 1986. The Logic of Kanban. The Journal of Business Strategy, 6(3), 6-12.
Hopp, W. and Spearman, M., 1996. Factory Physics: Foundations of Manufacturing Management. Irwin Professional Publishing, Burr Ridge IL

Hsin, C., and Papazafeiropoulou, A., 2008. Adoption of Supply Chain Management Technologies by Small and Medium Enterprises in the Manufacturing Sector. ECIS 2008 Proceedings, Paper 238.
Jankowicz, A.D., 2005. Business Research Projects. 4th Edition, Thomson Learning, London

Krishnaiyer, K. And Padmanabhan, P., 2009. Designing Simple Electronic Kanban based Decision support system - A Letter shop Case Study, American Society for Quality Conference, 2009, USA.

Kumar, C.S. and Panneerselvam, R., 2007. Literature review of JIT-KANBAN system. International Journal of Advanced Manufacturing Technology, 32 (3-4), 393-408.
Lage Junior, M. and Godinho Filho, M., 2010. Variations of the Kanban system: Literature review and classification. International Journal of Production Economics, 125 (1), 13-21.
Lee-Mortimer, A., 2008.  A continuing lean journey: an electronic manufacturer’s adopting of Kanban. Assembly Automation, 28(2), 103-112.
Leyendecker, B., 2008. Das Zusammenspiel verschiedener Optimierungsmethoden in der Wertschöpfungskette. In: Töpfer, A.  Lean Six Sigma – Wirkungsvolle Kombination von Lean Management, Six Sigma und Design for Six Sigma, Springer Verlag: Berlin.
Liker, J.K. and Choi, T.Y., 2004. Building Deep Supplier Relationships. Harvard Business Review, 1st December 2004, 104-113.
Liker, J.K.., 2004. The Toyota way: 14 management principles from the world's greatest manufacturer, 1st Edition, McGraw Hill: US. 
Martel, M., 1993. The role of just-in-time purchasing in Dynapert’s transition to world class manufacturing. Production and Inventory Management Journal, 34(2), 71-76.
Mentzer, J. DeWitt W. Keebler, J. Min, S. Nix, N. Smith, C. and Zacharia, Z., 2001. Defining Supply chain management. Journal of business logistics, 22( 2), 1-25.

Meredith, J., 1998. Building operations management theory through case and field research. Journal of Operations Management, 16(4), 441–454.

Meredith, J.R. Raturi, A. Amoako-Gympah, K. and Kaplan, B., 1989.  Alternative research paradigms in operation. Journal of Operations Management, 8(4), 297-326.
Monden, Y., 1998. Toyota Production System: an Integrated Approach to Just-In-Time. Engineering and Management Press: Georgia.
Mukhopadhyay, S. K. and Shanker, S., 2005. Kanban implementation at a tyre manufacturing plant: a case study. Production Planning & Control, 16(5), 488- 499.
Naylor, J.B., Naim, M.M. and Berry, D., 1999. Leagility: Integrating the lean and agile manufacturing paradigms in the total supply chain. International Journal of production economics, 62(1-2), 107-118.
Oh, S-C. and Shin, J,. 2011. A Semantic e-Kanban System for Network-Centric Manufacturing: technology, Scale-free Convergance, Value and Cost-sharing Considerations. International Journal of Production Research, DOI: 10.1080/00207543.2011.618147.
Ouyang, Y. and Daganzo, C., 2011. Robust Stability of Decentralized Supply Chains, Planning, Production and Inventories in the Extended Enterprise, 151, 537-564.

Parry, G. C. and Turner, C. E., 2006. Application of lean visual process management tools. Production Planning & Control, 17(1), 77- 86.
Ramnath, B.V. Elanchezhian, C. and Kesavan, R., 2009.  Inventory Optimization Using Kanban System: A case study. The IUP Journal of Business Strategy, 6(2), 56-69.
Rother, M., 2010. Toyota Kata.  McGraw Hill Professional: US.

Rowley, J., 2002. Using Case Studies in Research. Management Research News, 25(1).

Saunders, M., Lewis, P. and Thornhill, A., 2009. Research Methods for Business Students. 5th Edition, Prentice Hall, London.
Singh, A. Narain, K. and Yadav, R.C., 2010. An Exploratory Study of the SCM  Practices and IT Usage: an Emerging Market Context. International Journal of Information Technology and Management, 9(4), 446 – 467.
Singh, N. Shek, K.H. and Meloche, D., 1990. The Development of a Kanban System: A Case Study. International Journal of Operations and Production Management, 10(7), 29-36.

Slack, N. Chambers, S. and Johnston, R., 2010. Operations Management. 6th edition, Prentice Hall: London.

Thakkar, J., Kanda, A. and Deshmukh, S. G., 2011. Mapping of supply chain learning: a framework for SMEs. The Learning Organization, 18 (4), 313-332.

Ultriva Inc., 2007. Manual Kanban vs. Electronic Kanban [online], Available from: http://blog.kanban.com/2007/07/manual-kanban-vs-electronic-kanban.html [Accessed 6th May 2012].
Voss, C., 2005. Alternative paradigms for manufacturing strategy.  International Journal of Operations and Production Management, 15 (4), 5-16.
Waters-Fuller, N., 1995.  Just-in-time purchasing and supply: a review of the literature. International Journal of Operations and Production Management, 15(9), 220-236.
Wee, H.M. and Wu, S., 2009. Lean supply chain and its effect on product cost and quality: a case study on Ford Motor Company. Supply Chain Management: An International Journal, 14(5), 335-341.
Wildemann, H., 2003. Internet-KANBAN in der Automobilindustrie. Consulting News TCW Management.
Womack, J. and Jones, T., 1996.  Lean Thinking. Simon & Schuster Ltd: New York.
Yang, K., 2000. Managing a flow line with single-kanban, dual-kanban or CONWIP. Production and Operations Management, 9, 349-66.

Yin, R.K., 2009. Case study research: design and methods. 4th Edition, Sage Publications: Los Angeles.
[image: image1.emf]Value stream mapping

Supplier analysis

Analysis of purchased parts

Investigation of analysed parts

Dimensioning of kanbanloops

Supplier preparation

Internal preparation

Adjusting/ 

diminishing kanban

loop

Introducing new 

suppliers

Improving kanban?

yes

no

Further improvement

Aiming for 

one-piece-flow

v

CSF: 

description of current situation,

Setting target condition

Generation of a Criteria catalogue

Accurate basis of numbers,

Correct ABC-analysis

Analysis of the „way through the 

production“of every part

Consideration of lead time and demand 

of the withdrawing stage

Discussions and communication in 

advance, training

Training, reorganisation, conviction, „one 

point lessons“

Adequate time scale, appropriate 

promotion, stock monitoring, software 

check

Start-up

Securing material and 

information flow

internal and external Integration 

and visibility 

Framework for the implementation of supplier ekanban

Figure 6.1.1: Framework for the implementation of supplier ekanban

Source: Willert, 2010


Figure 1: Eight step framework for implementation of supplier e-Kanban
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Figure 2: Current State Map of the organisations’ supply chain
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Figure 3: Future state map of the organisations supply chain
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Figure 4: Division of the supplier parts into A,B & C Vendors
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Figure 6: Information on steps involved in production process and waste activities
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Figure 7: Purchasing process before and after supplier e-Kanban implementation
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Figure 8: Impact on Supply Chain Activities through implementation of supplier e-Kanban

Table 1: Critical Success Factors for Successful Implementation of e- Kanban

	Stage
	Critical Success Factors
	How to achieve CSFs

	1
	A description of the current situation; Setting target condition
	Analysing production processes; Setting realistic targets to know where to go

	2
	Criteria catalogue for supplier selection
	Organisation-specific requirements which must be fulfilled by suitable suppliers

	3
	An accurate basis of numbers; Correct ABC-analysis
	Actual annual numbers which are reliable;  Accurately separating parts into A,B, & C related to PPU and amount

	4
	Analysing the way through the production of every part.
	In form of: considering work station lead times, transportation times, bottlenecks & physical restrictions.

	5
	Consideration of overall lead time and demand of the withdrawing stage.
	Calculating broad lot sizes at the beginning, then diminishing.

	6
	Internal and external integration.
	Fast and precise information flow and access, communication and visibility provided by the system.

	7
	Close co-operation and information exchange
	Discussions and communication in advance, training

	8
	Promoting the system; Starting rules; Reorganisation
	Training, conviction, clarifying questions, explaining the aim; Explicit lessons, auditing; Repacking inventory
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