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Abstract

This paper provides generic guidelines to ensure an electronic supplier Kanban can be successfully implemented across an organisation. This approach is based on case study work conducted within a European manufacturing SME. A Framework in the form of an eight-step approach for implementing an electronic supplier Kanban, that has been tested, proven and realised, provides a clear process to follow. These 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. The stepped approach further reviews the Kanban loop, which needs fully dimensioned, together with relevant information, 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 the underlying problems that may impact upon success. The above approach can be used to both introduce new suppliers to the system as well as giving assistance to other companies wishing to implement e-supplier Kanban. This will need to be adapted and contextualised to individual organisational requirements.  
1. Introduction

With the effects of globalisation, competition and market pressure growing, organisations are being forced to work more efficiently, using Lean tools and techniques such as Just-In-Time or Kanban as important parts of their supply chain (SC) system [1]. Synchronised manufacturing using Lean tools such as Kanban will minimize inventory and waste, leading to higher efficiency [2]. According to Henderson [3], Kanban should not be seen as the end point of improvement, but as a milestone. Kanban in the form of a target condition reveals the unexpected potential of optimisation, and thus leads to recurrent problem-solving and improvement [4].

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. These guidelines are based on primary data collected within an organisation where a supplier e-Kanban has been realized, including the identification of critical success factors (CSFs) for successful implementation. The research also explores the importance of the buyer-supplier relationship in e-Kanban implementation, challenges faced during implementation, and steps taken to prepare supplier to use such system.
2. BACKGROUND RESEARCH
In the era of globalization, it is imperative to have internal and external integration of supply chain partners to improve the efficiency and effectiveness of supply chain operations [5, 6]. The supply chain (SC) integration ensures boundary-less collaboration to ease the flow of material, information, cash and other resources [7, 8]. 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 [9]. The internal integration is achieved through the use of planning systems such as material requirement planning (MRP), enterprise requirement planning (ERP), just-in time (JIT) using Kanban, resulting in reduced uncertainty of material flows, improved efficiency, and reduced process times [9-11]. 
Manufacturing companies in the past have 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 [12]. The pull policies from the Toyota Kanban Production system have been one of the popular control policies in the last two decades [13]. Since then, several forms of Kanban system have been proposed in the literature to compare its performance with other production control systems [14]. Lage Junior and Godinho Filho [4] defined Kanban as a “material flow control mechanism which controls inventory levels, the supply of material and production”. Kanban is a visual tool that forms an important part of the communication process which drives lean factories [15].  Kanban signals are used to communicate effectively with the internal and external operations on issues such as production schedules, lead time of delivery, stock information, to name a few [7, 16]. According to Henderson [3], Kanban should not be seen as the end point of improvement, but as a milestone. Kanban in the form of a target condition reveals the unexpected potential of optimisation, and thus leads to recurrent problem solving and improvement. 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) [17]. The popular types of Kanban used in supply chain operations are move/withdrawal Kanban, production Kanban, and supplier Kanban [1, 17-19]. To successfully run a Kanban system, some basic rules of operations need to be followed such as Kanban boxes need to be checked regularly and processed by following the first in-first out principle (FIFO), and production starts only when customer triggers an order and succeeding process withdraw semi-finished products from proceeding workstation [18]. 
A successful application of Kanban depends to a great extent on the supplier [20]. This is underpinned by the fact that a zero or a small amount of safety stock exists; timing, quality and quantity of deliveries are vital to meet end-customer expectations [20]. For good collaboration between the buyer and the supplier a close and fair relationship is fundamental [21]. A relationship based on trust, commitment and loyalty between supply chain partners creates profit increase for both sides, through the understanding of their counterpart’s interests and needs [22]. 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 [22-24]. 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 [3, 20, 25].

The selection and evaluation of Kanban suppliers is a CSF for successful implementation. According to Waters-Fuller [20], selection and evaluation must be based on quality, speed and delivery performance, rather than solely on the price. 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 [6, 11, 20]. 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 [3]. Unexpected interruptions can appear, such as bad weather conditions or a vehicle breakdown [20]. To secure production stability a backup strategy should be developed to cover those risks.

This article proposes the use of supplier e-Kanban system to continue the efficiency of the procurement process which should lead to inventory reduction through frequent delivery, tied capital reduction through less 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 supplier [4, 20, 24].  e-Kanban is mostly an internet-based application that automates the transfer of the Kanban signal via a barcode scan to an upstream supplier [24]. No large investment is necessary to set up an electronic Kanban system [26]. According to Lage Junior and Godinho Filho [4], “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. 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 [23].  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 [22, 24]. With eKanban as a mutual base, communication with suppliers is clarified. Electronic 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. Even more value is added through an 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 using electronic Kanban [4]. This offers the opportunity to ease, and speed, the analysis of supplier performance. Reporting on system performance is also both faster and more accurate. 

3. Research methodology

This research used a case study based approach [27] in a mid-sized company to evaluate the current situation and potential for improvement in the organisation through the use of e-Kanban system. Such evaluation allowed the identification of critical success factors (CSFs) of a supplier e-Kanban and also provided a base [28] from which to foresee possible benefits and risks. Secondary data collection through literature review provided general descriptions of Kanban and surrounding topics. Primary data collection method used in the case study firm was participant observation to evaluate what employees think about the implementation of the system, what they expect and what risks might occur in generating the expected added-value. Triangulation of data collection methods, in the form of documentation and archival records facilitated in verifying the evidence of the identified CSFs 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 case firm is a worldwide market leader in the manufacture of hand held diagnostic instruments. The project was performed within the supply chain management  team. Their task was to spot and analyse improvement potential along the whole supply chain; to improve production processes through application of lean techniques (the organisation recently started Lean application in their SC), thereby improving efficiency and reducing 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. In this organisation, an internal Kanban exists in the final assembly and the supplier e-Kanban was built between the supplier and the stock of semi-finished parts.
4. process analysis and data evaluation
[image: image1.emf]Value stream mapping

Supplier analysis

Analysis of purchased parts

Investigation of analysed parts

Dimensioning of kanban loops

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

Based on a review of literature and observations of alternative approaches to implementation, the findings generated a framework, as shown in Figure 1, to follow for the implementation of a Successful supplier e-Kanban. 

Figure 1: Eight step framework for implementation of supplier e-Kanban
The framework incorporates eight steps which should be followed for successful implemetnation of e-Kanban. CSFs and difficulties are analysed and discussed below 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. 
Stage 1: Value stream mapping 

To improve a process, it is important to first of all get an 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 [29]. By means of Rother and Shook’s guidelines (2003) for value stream mapping and Wee and Wu’s explanations [30] 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 [31]. 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. 
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The CSM shows 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 PPS system, and levelled on a minimum stock level. This contains and manages all information about 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.

[image: image3.emf]supplier

Goods 

receipt

Quantity 

control

SFG stock

customer

distribution

Production 

stage 2

Production 

stage 1

Production 

stage 3

cleaning

production planning

MRP

electro

plating

Shop floor

Umbrella contract

Final 

assembly

FG stock

1 day 2 days 3 days 5 days

Scheduled via kanban board

Every day 

delivery

= 13 days 

replenishment time

Figure 5.1.2: Future state map

Source: Willert, 2010 

2 days

Figure 2: Current State Map of the firms’s supply chain
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. 
Figure 3: Future state map of the organisations’s supply chain

As shown in Figure 3, electroplating and shop floor are both bottlenecks within the SC. Here physical restrictions are created via the machinery which only works efficiently if a particular amount of parts is manufactured at once. This bottleneck was kept in mind for the later dimensioning of the Kanban loop. Comparing the two maps, a reduced administrational burden, a reduced WIP and shorter lead times can be found.

Stage 2: Supplier analysis

To select possible e-Kanban suppliers, an ABC-analysis of archival data from the firms’s production planning system (PPS) was conducted to categorise the suppliers with relation to the purchasing value [18]. Analysis showed that 80 per cent of the total purchasing value was reached with the 36 most important suppliers (classed within ‘A’ type) and that 54 per cent of all 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. 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 the more feasible option. 50 per cent of all purchased parts have a value of less than one Euro. Therefore to introduce e-Kanban, the firm 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, 75 are “A” parts and therefore suitable for supplier e-Kanban. 
Stage 4: Investigation of analysed parts

According to Ramnath et al [18], 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 firm’s PPS. The two bottlenecks spotted in Stage 1 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 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 replenishment lead time (from SFG stock to SFG 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 the help of Toyota’s Kanban formula (for more information, refer to [1]), the Kanban loop was dimensioned. Internal rules for dimensioning Kanban loops are laid down. The daily demand contains twice the standard deviation and a safety factor of 1.1. Multiplying the daily demand with the replenishment time equals 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 containers.

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. 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” [20]. 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. 

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 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 authorized 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, to describe the process, present the software 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 must be equipped with necessary instrumentation- a Kanban card printer, as well as enough containers were provided. It was found that at least twice as many containers as the number in the loop were needed at supplier’s side, arising from the rapidity of the e-Kanban signal. The supplier also needs to be apprised of quality inspection which is outsourced together with corresponding policy and procedures.  Installing supplier e-Kanban leads to new tasks and responsibilities on both sides which call for some regulatory fundamentals. 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 represent an order and no other route sheet should occur within the production concerning the Kanban material. Clear procedures need stated, and 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 for addressing the queries between firm and suppliers. 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 [32] to ensure that inappropriate handling and mistakes do not occur, countering 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 for implementation are summarised in Table 1.
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


To estimate the value of the implementation of a supplier e-Kanban, process costs needs 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,  Figure 4, 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, delivery receipts and their archival storage. As a result, wasted working time is reduced by simplified processes with the help of the software of the supplier e-Kanban. This is highlighted, for example, where 54% of all orders are compiled by all “A” vendors. If these suppliers become e-Kanban suppliers, a reduction in the above described non-value adding steps in the region of 50% will be achieved. The application of this system resulted in the elimination of eight steps (from initial 10 steps) from the purchasing department process, resulting in savings of approximately €82,000 per year. This saving shows the high potential and value of supplier e-Kanban and underpins the need to calculate process costs frequently.

5. Conclusion 
For the implementation of a supplier e-Kanban, the operational task of providing material and guaranteeing a smooth run are covered, as well as the strategic aims being followed. Underlying problems that may impact success come to the surface and need to be solved. With developing the Kanban further by reducing WIP and improving processes, the long-term vision is the elimination of the Kanban in order to produce in a one-piece-flow [28, 33]. 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 [19] and Rother [28]. At the moment, clarity of production scheduling is not available at every stage within production, and the planning of the processing of Kanban parts is impossible within cells. This results from a lack of connection to the software. By installing one scanning station per work station and as a result giving more status to a part within the flow, visibility is given for the whole SC and internal cell planning is possible. 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.
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