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Abstract
Evidence suggests that specifically designed frameworks to implement Lean Six Sigma (LSS) projects to tackle particular problems are more effective than “generic” versions. This paper proposes an implementation framework to effectively deploy LSS to improve a key operation and performance indicator, i.e. ship loading commercial time, of one of the largest world producer of iron ore. This article therefore contributes with a refined framework to effectively implement LSS, and documents its successful application and effectiveness within the context of the case organisation. The LSS framework and project contributed in helping the studied organisation to improve both the capability of its ship loading process and commercial time by more than 30 percent, resulting in operational savings in the range of $300,000 USD per year. The systematic nature of the framework proposed also helped the organisation to establish a standardise routine to improve its operations. Managerial implications exposing the challenges faced during the implementation of LSS are also discussed to serve as lessons learnt to be considered in other LSS projects. Managers and engineers in charge of improving operations and processes can benefit from this paper as it can be used as a guide to direct the conduction of LSS projects and the empirical application of its principles and tools.
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1. Introduction

Volatile economies and market environments have a direct effect on the demand of commodities, which in turn have an impact on the profit margin of their producers. In particular, the iron industry has suffered this effect, with the price of iron ore dropping significantly over the last years (IndexMundi, 2015). This has increased pressure for organisations operating in this sector and forced them to reduce operating cost by improving efficiency not only to maintain profit margins but also for survival. In this line, Lean and Six Sigma principles and tools have been widely and successfully adopted by organisations to reduce operational costs (Monden, 1998) and increase value for their customers (Bicheno, 2004) in different industrial sectors that include manufacturing (e.g. Krueger et al., 2014; Vinodh et al., 2011; Jirasukprasert et al., 2014), services (e.g. Sunder and Antony, 2015; Antony et al., 2007; Kumar et al., 2008), logistics (e.g. Villarreal et al., 2016a; Villarreal et al., 2016b; Sternberg et al., 2013), healthcare (e.g. Hicks et al., 2015; Gowen III et al., 2008; Cudney et al., 2013), among others. However, although there seems to be a large amount of Lean and/or Six Sigma projects deployed in the iron ore industry (e.g. Paloma Consulting, 2016; Jacobsen, 2016; Implementation Engineers, 2016; Shinka Management, 2012, etc.), scientific published evidence of the application of their principles and tools still remains limited in this specific industrial sector (Indrawati and Ridwansyah, 2015; Hokoma et al., 2010; Chinbat and Takakuwa, 2008). Additionally, no evidence exists of the combination and integration of Lean and Six Sigma principles and tools i.e., through Lean Six Sigma, in the iron ore industry. This calls for further scholarly research to explore the application of Lean, Six Sigma or Lean Six Sigma to determine whether iron ore producers are capable of obtaining the same operational benefits that their counterparts in other industries have reported (e.g. Villarreal et al., 2016a; Villarreal et al., 2016b; Krueger et al., 2014; Vinodh et al., 2011; Jirasukprasert et al., 2014; Garza-Reyes et al., 2014). 
     When implemented as an integrated approach, Lean Six Sigma (LSS) utilises the Define-Measure-Analyse-Improve-Control (DMAIC) methodology for conducting improvement projects (Cudney et al., 2013). This systematic and rigorous implementation structure is one of the characteristic which makes LSS very effective (Garza-Reyes et al., 2014; Harry et al., 2010). However, despite the generic nature of DMAIC, Vinodh et al. (2011) suggest that in order to achieve effective results, a Lean Six Sigma framework must be scientifically and specifically designed to effectively implement and conduct LSS improvement initiatives. For this reason, authors such as Zhang et al. (2015), Vinodh et al. (2014), Krueger et al. (2014), Ghosh and Maiti (2014), Garza-Reyes et al. (2014), Vinodh et al. (2011), Chen and Lyu (2009), Deshmukh and Lakhe (2009), Breyfogle III (2008), Ward et al. (2008), Kumar et al. (2008), Gonçalves et al. (2008), Chakrabarty and Tan (2007), Kumar et al. (2006), Jarrar and Neely (2005) and Senapati (2004) have proposed specific Six Sigma and LSS implementation frameworks, based on DMAIC, to drive the improvement of also specific processes, rather than using the “generic” version of DMAIC. In some cases, stages have been added to or eliminated from the traditional five stages of DMAIC (Garza-Reyes et al., 2014; Deshmukh and Lakhe, 2009; Breyfogle III, 2008; Ward et al., 2008; Kumar et al., 2008; Gonçalves et al., 2008; Jarrar and Neely, 2005; Senapati, 2004), whereas in some others the five original stages of DMAIC have been followed, but the use of specific tools in every stage has been defined (Zhang et al., 2015; Vinodh et al., 2014; Krueger et al., 2014; Ghosh and Maiti, 2014; Vinodh et al., 2011; Chen and Lyu, 2009; Kumar et al., 2006).  
     This paper presents an action research-based case study where a specific implementation framework was designed, following the five traditional stages of DMAIC and defining the sequence of some activities and application of some LSS tools, to reduce the commercial loading time of ships of a large producer of iron ore. Thus, this paper not only contributes by proposing an specific and systematic approach that iron ore producers can adopt to improve their ship loading operations but it can also be adapted to improve other aspects of their operations. The company was being negatively affected by the dropping price of iron ore and hence it sought the improvement of operations to optimise assets and processes as a strategy to gain efficiency, and in this way combat this situation. In particular, the studied organisation had a challenge in its port operation, which needed to adhere to the ship loading specifications, in terms of time, in order to satisfy customers and avoid the demurrage fees for exceeding the agreed loading time. Therefore, a second contribution of this paper lies in its usefulness to be adopted as a guide for managers and engineers in charge of improving operations and processes. In this case, this paper can serve as a documented example of how to direct LSS projects and the empirical application of its principles and tools. Finally, the paper also intends to contribute by documenting and stimulating scientific research regarding the application of LSS in the iron ore industry, as this type of research has been identified as a gap in the academic literature.  
     The rest of the paper is structured as follows; Section 2 presents the proposed LSS implementation framework and justifies the case study research methodology followed in this study; Section 3 elucidates, through the presentation of the case study, the steps involved in implementing the proposed LSS framework to systematically conduct a project to reduce the ship loading commercial time of the studied organisation. Section 4 discusses the results of the project and its managerial implications, whereas Section 5 finally presents the conclusions, limitations and future research directions derived from this paper.

2. Proposed Framework for Lean Six Sigma Implementation and Research Methodology 
Figure 1 presents the Lean Six Sigma implementation framework proposed by the authors to the studied organisation for reducing the time of its ship loading operation. The framework was developed based on three ‘design dimensions’. The first dimension consisted of the activity of studying the characteristics, reason for development, and applicability of the various Six Sigma and LSS implementation frameworks highlighted in the previous section. This ensured the incorporation of the most current and relevant theoretical knowledge into the proposed framework (Chen and Lyu, 2009). The second dimension entailed the use of the vast theoretical and industrial experience of the authors as practitioners, consultants, researchers, and academics to support the development of the proposed framework. Rocha-Lona et al. (2013) suggest that practitioners’ experience plays a critical role while developing theoretical frameworks which are required to be deployed in industry. The theoretical and industrial experience of the authors on LSS is illustrated through a wide range of reported applications and development of relevant LSS theory and research (e.g. Villarreal et al., 2016a; Villarreal et al., 2016b; Sunder and Antony, 2015; Garza-Reyes et al., 2014; Jirasukprasert et al., 2014; Garza-Reyes et al., 2010; Kumar et al., 2006; Antony et al., 2005; etc.). Finally, the third dimension included the consideration of relevant input from the company. Thus, similarly as in the works of Vinodh et al. (2011) and Kumar et al. (2006), preliminary observations of the loading operation and discussions with relevant executives, directors, managers and shop-floor personnel were also carried out to consider, in the design of the implementation framework, key parameters and issues of the loading process. Thus, the LSS implementation framework proposed in this paper was specifically designed, as suggested by Vinodh et al. (2011), for the studied organisation and to address the particular problem it faced with long ship loading commercial time.   
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Figure 1. LSS framework  
     Similarly to the works of Zhang et al. (2015), Vinodh et al. (2014), Krueger et al. (2014), Ghosh and Maiti (2014), Vinodh et al. (2011), Chen and Lyu (2009), Kumar et al. (2006), the framework designed in this case followed the traditional DMAIC structure. However, the use of specific activities and tools, and their sequence, were explicitly defined for every DMAIC stage during the development of the framework when following the three design dimensions, see Figure 1. 
     Once designed, the LSS implementation framework was applied in the studied organisation. This characteristic led to an empirical study whose most appropriate research methods are case study or action research (Shadish et al., 2002; Bryman, 1989). In recent times, the use of a single detailed case study has been well accepted in scholarly research as a valid research method. For example, Voss et al. (2002) suggest that it is important to conduct and publish research based on cases study as they comment that, especially in the field of operations management, this type of research is particularly suitable for testing and developing new theory (McCutcheon and Meredith, 1993). On the other hand, evidence of the proliferation and acceptance of the action research approach as a valid research methodology, especially in Operations Management-based research, is apparent through the high volume of recent published researches supported by this method (e.g. Gutierrez et al., 2015; Farooq and O'Brien, 2015; Dey et al., 2015; Baker and Jayaraman, 2012; Cagliano et al., 2005). Since this study required the researchers to closely track and manage the deployment of the proposed LSS implementation framework and the improvement project as a whole, which required the presence and participation of the researchers to lead and aid such deployment and management (Gutierrez et al., 2015; Bryman, 1989), action research was considered the most suitable method to conduct this study. The action research method also ensured that problems and resistance during the application of the LSS framework were overcome with the direct help from one of the researchers (Gutierrez et al., 2015; Coughlan and Coghlan, 2002; Bryman, 1989). In the case of this research, and as suggested by Coughlan and Coghlan (2002), the action research approach proved to be a valuable method not only to test the proposed LSS implementation framework and draw conclusions regarding its effectiveness but also to document and report the experiences and lessons learnt by the authors while conducting the improvement of the ship loading commercial time. Thus, action research was an ideal research strategy that contributed in enriching the body of knowledge in the LSS field.

3. LSS Implementation Framework Application
3.1 Organisation’s background
The organisation where the study was conducted is one of the biggest producers of iron ore in the world. It has an iron ore pelletising plant in Sultanate, Oman. This plant produces iron ore pellets as well as operates as a distribution centre for sinter feed material. The plant has three main facilities, namely: pelletising plant, distribution centre and port. Recently, the organisation studied faced a challenge in its port operation, where it needed to adhere to the ship loading specifications, in terms of the time, agreed with its customers. The customer agreement considered three different categories of ships capacities. The first category included ships of ≤75,000 tonnes that had to be loaded in 30 hours. The second category referred to ships from 75,001 tonnes to 149,999 tonnes that had to be loaded in 42 hours, whereas the third category included ships of ≥150,000 tonnes where the loading operation had to be completed in 54 hours. The ship loading operation had various steps and activities and several business units were involved. The loading times were exceeding those specified, and hence the company had been forced to pay over $1 million USD in penalties, over a one year period, to its customers.
     The Lean Six Sigma framework proposed and followed as a part of the project conducted to address the problem is exemplified in the following sections.

3.2 The Define phase

The Define phase aims to delineate the LSS project’s team, scope, objectives, voice of customers, and process details (Ghosh and Maiti, 2014). 

[bookmark: _GoBack]3.2.1 Team formation. The initial step in the Define phase consisted of forming the team. The project team was formulated with employees who were mainly responsible for performing the ship loading process, as according to Furterer (2009), team members should be selected from those who have a background and an adequate knowledge of the process. Thus, the team included four Shift Superintendents of port operations, a Planning Specialist, and one of the authors. The Shift Superintendents were responsible for the full operations of the port in each shift, whereas the Planning Specialist was responsible for planning the ships with the inventory management department. The participant author was the leader of this LSS improvement project. Additionally, the Port Operations Manager acted as a champion for the project, providing support and removing any barriers that occurred during the project implementation.
3.2.2 LSS project scope definition. Effectively defining the scope of the project is key for its successful implementation (Pyzdek and Keller, 2014; Furterer, 2009). The whole port operation of the case organisation consisted of loading and unloading. However, since the organisation was facing more challenges in the loading operation, top management decided to concentrate the LSS project only on this operation. Moreover, two types of products were loaded separately: manufactured iron ore pellets and sinter feed. Therefore, the project’s scope included the loading process of both iron ore pellets and sinter feed. 
     The entire end-to-end process of the loading operation included a number of activities that were performed by different business units, see Figure 3 for a high level overview of these activities. However, since the ship loading commercial time only started to be counted since the nomination and operational readiness (NOR) activity, which is part of the berthing process, and until the ship was fully loaded, this LSS project only focused on improving the berthing and loading processes as illustrated by Figure 2. 
Loading Operation
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Figure 2. Illustration of project’s scope in relation to considered processes and activities

3.2.3 Project charter. After forming the team and defining the project’s scope, every Lean Six Sigma project continues with the formulation of a project charter (Pyzdek and Keller, 2014). A project charter is both a tool that represents and summarises all the information related to the project, and a working document which specifies all the resources and boundaries required (Basu, 2009). In the case of this LSS project, the project charter presented in Table 1 was created to offer a clear overview, to the team members and the management of the studied organisation, of the key initial parameters of the project. 
	Table 1. Project Charter

	Project Title
	Reduction of ship loading commercial time

	Business Case
	Loading Commercial Time is a key indicator for Port Operations. It is a crucial performance to the customers’ satisfaction. In addition, performing the loading within the specifications agreed with customers’ leads to avoid paying demurrage fees that affect the business bottom-line

	Problem Statement
	The current average commercial time for loading:
· Category 1 - ≤75,000 tonnes is 51 hours
· Category 2 – 75,001-149,999 tonnes is 44 hours 
· Category 3 - ≥150K tonnes is 68 hours
The current averages loading commercial times for these categories show that they exceed the times agreed with the customers. 
As a result, the total demurrage fees paid in 2014 was over $1 million USD.

	Project Scope
	Loading Operation, including Berthing and Loading Processes as well as iron pellets and sinter feed 

	Primary metric
	Loading Commercial Time (Hours /vessel)

	Objective
	To reduce loading commercial time by 30% after LSS project

	Project Team
	Champion: Port Operation Manager
Project leader: One of the Authors
Members: Shift Superintendents, Planning Specialist 

	Expected Benefits
	Improve customers’ satisfaction
Increase port capacity
Estimated financial benefits per year is 300,000 USD



3.2.4 SIPOC diagram. Although the LSS project reported in this paper only focused on those processes (i.e. berthing and loading – see Section 3.2.2) that had a direct effect on the ship loading commercial time, a SIPOC (supplier-input-process-output-customer) diagram for the entire loading operation was created. This allowed the understandings, from a high-level perspective, of the physical and functional structure of the end-to-end process and boundaries of the entire loading operation (de Mast and Lokkerbol, 2012). It thus contributed in clarifying the interrelationships between the process steps that comprised the loading operation, its inputs, suppliers, outputs and customers, see in Figure 3. 
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Figure 3. High-level SIPOC diagram for the end-to-end loading operation

3.2.5 Voice of the customer (VOC) and critical-to-satisfaction (CTS). The last project activity within the Define phase corresponded to collecting and translating the needs of the customer (i.e. voice of the customer) into specific critical-to-satisfaction (CTS) factors. These are related to factors which are critical to delivery (CTD), quality (CTQ) or cost (CTC) (de Mast, 2004) and that can significantly impact the process output (i.e. ship loading) (Basu, 2009). Since the ship loading commercial time depends on two major process contributors, namely: berthing and loading; the CTS factors were derived from both of them as shown in Figure 4.

[image: ]
Figure 4. Voice of the customer and CTS factors


3.3 The Measure phase
The objective of the Measure phase is to provide a structure to evaluate the actual performance of a process by statistically assessing, monitoring and comparing its current performance to its output (Pyzdek and Keller, 2014; Garza-Reyes et al., 2014; de Mast and Lokkerbol, 2012; Basu, 2009). In the case of this project, data was collected following a pre-established data collection plan that included the gathering of data regarding different characteristics of the loading process and its outputs. In particular, the data collected included characteristics of the loading process such as ship number, ship category (i.e. 1, 2 or 3) and product type (i.e. iron ore pellets and sinter feed) as well as outputs that consisted of loaded quantity, ship loading commercial time (in hours) and loading rate (tonnes/hours). The data was collected for a period of three months, which resulted in a sample of 155 ships being observed performing the loading operation. The data collected allowed the realisation of the subsequent analyses conducted in this and other phases of the project. These are presented in the following sections. 
3.3.1 Actual vs. agreed performance comparison. Ship loading commercial time represents one of the process performance outputs. Based on the actual performance of the ship loading commercial time collected as described above, the 155 observations were divided by ship category and their averages calculated (left column in Figure 5) and initially compared against the ship loading commercial time agreed with the customer (i.e. target) (right column in Figure 5), see Figure 5. This contributed in understanding the gap between the actual and the required performance of the ship loading process. As indicated in Figure 5, the actual loading process time did not meet the customer requirements.








Figure 1: Process Baseline
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Figure 5. Comparison of actual loading commercial time vs. agreed/target time

3.3.2 Normality test and process capability analysis. In order to determine the suitability of the loading process to meet the required (i.e. agreed) loading commercial times, a process capability study was conducted for each category of ships capacity. However, a normality test was first performed in order to determine the distribution of the loading commercial time data for the three categories. The test was performed at a 95% confidence interval, or α = 0.05. Based on Anderson-Darling normality test, the data was computed using Minitab 17 to produce a normal probability plot, see Figure 6. The results indicated that the data for ship categories one (i.e. ≤75,000 tonnes) and two (i.e. 75,001 – 149,999 tonnes) were not normally distributed because the p-values were less than 0.05 (Harry et al., 2010). Thus, the null hypotheses (i.e. H0: The data is normally distributed) for these two categories were rejected. However, since the p-value for the third (i.e. ≥ 150,000) category was 0.088, which is greater than 0.05 (Harry et al., 2010), the null hypothesis was accepted, indicating that the loading commercial time data for this category was normally distributed. Since the first and second categories of loading commercial time data did not show to be normally distributed, a transformation into normally distributed data was carried out using Box-Cox transformation (Osborne, 2010). 
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                 Figure 6. Normal probability plot for all three ship capacity categories

     Once that the data for all three ship loading capacity categories were normally distributed, a process capability study was conducted, using Minitab 17, for every one of these, see Figure 7. In the case of category one, the loading process was not capable of meeting the customers’ requirement because of the index value Cpk<1.33 (Pyzdek and Keller, 2014), as shown in Figure 7(a). Furthermore, 51 percent of the observed data was above the upper specification limit (USL), indicating, in other words, that more than half of this operation was not meeting the loading time required by the customers. Similarly, the results of the process capability analysis for quantities between 75,001 tonnes and 149,999 tonnes (i.e. category two) showed that the process of loading commercial time was not capable of meeting the requirement of the customers as the index value Cpk<1.33 (Pyzdek and Keller, 2014), see Figure 7(b). Additionally, 27 percent of the observed data for this category was above the USL. Finally, category three showed the same incapability of the loading process as the Cpk value was, once more below 1.33 (Pyzdek and Keller, 2014), see Figure 7(c). For category three, more than 30 percent of the loading operation was above the USL. The overall results of the process capability analysis suggested that further analyses were required in order to identify the causes of process incapability as well as the main drivers that could be improved. To address this, a Value Stream Mapping (VSM) analysis of the loading process was performed.





[image: ][image: ]


 












[image: ](b)
(a)









(c)







Figure 7. Process capability analysis for ship loading capacities one (a), two (b) and three (c)


3.3.3 Values Stream Mapping study. Aligned to the lean philosophy, a VSM study is based on the fundamental concept that customers are only willing to pay for those process activities that add value to the product or service that they are acquiring, and not for those that do not (Pyzdek and Keller, 2014; Basu, 2009). In this context, VSM is a powerful tool to identify value-added and non-value added activities in processes (Pyzdek and Keller, 2014). In the case of this project, the steps that comprised the ship loading process were classified as either value added or non-value added. The resulting VSMs for both iron ore pellets and sinter feed are shown in Figure 8. 
     As shown in Figure 8, the commercial time starts with NOR acceptance and ends when the loading is completed. Thus, four main process steps were considered and mapped. Productivity was calculated for the loading activity and every one of the three categories of ships capacity, whereas process efficiency was calculated for the whole process and every one of the three categories.
(a)
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Figure 8. Value Stream Maps for (a) iron ore pellets and (b) sinter feed


3.4 The Analyse phase
The objective of the Analyse phase is for the LSS project team to identify, organise and validate the potential root cause of poor performance and problems (Sin et al., 2015). Jirasukprasert (2014) and Pyzdek and Keller (2014) comment that different tools and techniques that include process mapping, brainstorming, cause-and-effect diagrams, hypothesis testing, among others, are traditionally used in this phase. However, the way in which the LSS project is conducted, and its own nature, will normally dictate the selection of the most effective tools (Pyzdek and Keller, 2014). In the case of this project, cause-and-effect, losses, Pareto and statistical analyses were employed to identify, organise and validate the potential root causes of problems. 

3.4.1. Cause-and-effect analysis. This analysis was performed in order for the individual team members of the LSS project to convert their knowledge to explicit ideas, concepts and reasoning (Anand et al., 2010), and in this way uncover the  possible causes that influenced and affected the performance of the ship loading commercial time. In particular, the cause-and-effect-analysis allowed the team to organise their ideas into various categories of root causes (Sin et al., 2015). To generate ideas, this analysis was supported with a brainstorming session, which encouraged the intuitive association of the project’s team members to pick up one another’s ideas. These ideas were then associated and developed further (Garza-Reyes et al., 2010; Fortune, 1992). The resulting cause-and-effect analysis and the identified root causes of long ship loading commercial time are shown in Figure 9.    
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Figure 9. Cause-and-effect analysis for long ship loading commercial time

3.4.2. Validation and further analysis of root causes. A validation of some of the identified causes was performed through further data analysis and observation. As identified in the Define phase, the ship loading commercial time was in function of both the berthing and loading processes, see Figure 2. As shown in Figure 10, an average of 63% of loading commercial time was related to the loading process. Thus, the rest 27% was attributed to the berthing process, indicating that this particular process was also a substantial contributor to the problem.















   Figure 10. Loading process % in ship loading commercial time
Booking a Pilot
     One of the activities identified in the VSM analysis, see Section 3.3.3, was booking a pilot after the NOR acceptance by the ship crew. This activity was considered as one of the potential causes of long ship loading commercial time identified through the cause-and-effect analysis, see Section 3.4.1. For this reason, a regression analysis was conducted, using Minitab 17, to determine whether there was a significant correlation between the pilot booking time and ship loading commercial time. The results are presented in Figure 11, showing that the p-value was less than α=0.05, which indicated the rejection of the null hypothesis. This suggested that there was a significant correlation between the pilot booking time and loading commercial time, validating this activity as one of the causes for a long ship loading commercial time.
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Figure 11. Regression analysis for pilot booking time vs. ship loading commercial time
     Subsequently, the proportion of pilot booking time on loading commercial time was calculated and quantified. A variation was observed in the proportion among the vessels as shown in Figure 12. In general, an average of 28 percent was the proportion of pilot booking time on the overall ship loading commercial time. Hence, it was considered a significant contributor.

            
Figure 12. Percentage of pilot booking time contribution to the overall ship loading commercial time

Pilot on Board
     Pilot response time is defined as the time from the pilot booking to the pilot being on board. Similarly, a regression analysis was carried out in order to validate whether the pilot response time significantly impacted the ship loading commercial time. The results are shown in Figure 13. They show that the p-value is greater than α=0.05, indicating the acceptance of the null hypothesis. Therefore, the regression analysis suggested that there was no significance correlation between the ship loading commercial time and pilot response time.
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Figure 13. Regression analysis for pilot on board response time vs. ship loading commercial time


Loading Process
     Loading process starts when berthing is completed and ends when the quantity of the cargo has been fully loaded. The loading productivity rate is a key indicator of the performance of the loading process of the port as it is able to indicate the level of losses that might be encountered in the operation. Average loading productivity was 3,971 tonnes per hour for ship capacity of ≤75,000 tonnes, whereas the full operational capacity of the studied organisation was 10,000 tonnes per hour. For this reason, various losses and wastes were encountered in the loading process. Equipment and operational losses data collected in the Measure phase were utilised in this analysis. The productivity analysis revealed that around 60 percent of the time spent on loading the ship was identified as non-value added, and that losses included operational (22 percent), equipment (10 percent) and others (28 percent) as shown in Figure 14. 



        Figure 14. Ship loading capacity distribution

Operational losses
     Operational losses corresponded to any losses, or wastes, that occurred with activities during the loading process. In particular, trimming and hatch change activities were the main contributors to operational related losses. Trimming is carried out in order to perform draft survey calculations to determine the quantity loaded. Historical documents and records were revisited for ten vessels, and the average time was found to be around 1.11 hours. This indicated that around 26 percent of operational related losses were due to the trimming activity. Therefore, a further analysis was carried out. The port’s layout was used to map the trimming process movements through a spaghetti diagram as shown in Figure 15. This figure indicates that the operations team moves from loading port to boat landing to ride the boat and sail to the ship. In fact, transportation to boat landing only takes around 30 minutes. In addition, the transportation from boat landing location to ship location takes the majority of the time. In general, transportation has a considerable contribution to the trimming process and it is one of seven lean wastes as defined by Toyota (Liker, 2004). 
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  Figure 15. Spaghetti diagram of current trimming process

     Therefore, the proposed location of boat landing is illustrated in Figure 16. The distance from the port to boat landing is reduced substantially. As a result, a significant reduction on the trimming process time could be achieved.
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Figure 16. Proposed trimming process

     On the other hand, losses related to the hatch change activity were mainly due to the movement of the ship loader among different hatches on the vessel. Hatch changes are related to the loading sequence that is provided by the vessel crew based on international marine standards. In fact, the loading sequence is not fixed as it changes based on the vessel size and design. Average hatch change time was found to be around 2 hours. It contributed with about 47 percent of the operational losses.
Equipment losses
     Equipment failures during the loading operation were another major element causing low loading productivity. The data collected in the Measure phase included total equipment downtime for every loading operation. The average equipment downtime was 2.2 hours as shown in Figure 17. It affected the loading commercial time directly.
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      Figure 17. Control chart of equipment downtimes

     Equipment reliability depends on various factors such as a preventive maintenance programme. Hence, preventive maintenance compliance was checked. Preventive maintenance leads to the prevention and hence reduction of equipment failures or any related issues (Bouslah et al., 2016). In this case, it was found that preventive maintenance compliance for port equipment had an average of 96 percent, which was considered high. Therefore, it was concluded that either the preventive maintenance procedures were not correct or the way in how it was conducted was not effective. In general, the preventive maintenance programme had to be improved.
Other losses
     Cargo shortages referred to the unavailability of specific products to be loaded to the ships. It was one of the causes that led to long loading commercial time. A Pareto analysis was conducted in order to identify the critical months where this situation had occurred. This is shown in Figure 18. It is clear that December 2014 was the month in which highest waiting for cargo hours occurred. In addition, it can be noted that three months (i.e. December, August and June) formed 82 percent of waiting for cargo time. This issue occurred due to customers changed their plan and came on different dates scheduled for them where the specific cargo was not ready and available. In addition, another reason was due to the business strategy aimed at reducing the stock of finished products to a minimum by each end of quarter in order to generate more cash flow. 
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Figure 2: Pareto chart for waiting for cargo
















             Figure 18. Pareto analysis for waiting for cargo loss

Port Capacity Validation
     Port capacity is an important indicator for the business to deliver their commitment and services to customers as per agreements. Therefore, port capacity and its current utilisation were measured, analysed and compared in order to validate whether port capacity was fully utilised and whether it caused any congestion problem. As shown in Figure 19, the port is capable to load over 32 million of tonnes, whereas the current plan is to load 10 million tonnes of cargo. Hence, port capacity is not an impediment for the case organisation to meet its targets. 


                Figure 19. Port capacity vs. port utilisation


3.4.3. Values Stream Mapping analysis. The analysis of VSM was based on identifying the opportunity areas that could improve the performance of the ship loading operation. The first opportunity was identified in waiting for commercial clearance after NOR acceptance. In fact, this opportunity could save around 19 hours on average from the commercial time for loading pellets, or around 30 percent of average loading commercial time. For the loading sinter feed process, the potential time reduction was around 2 hours. Furthermore, the second opportunity identified was in the loading process through improving the loading productivity as illustrated in Figures 20(a) and 20(b)
(a)
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  Figure 20. Analysis of Value Stream Maps for (a) iron ore pellets and (b) sinter feed

3.5 The Improve phase
The Improve phase aims to build the solutions that improve process performance (Pyzdek and Keller; 2014; Basu, 2009; de Mast and Lokkerbol, 2012). 

3.5.1. Generation and selection of improvement proposals. In the case of this project, solutions were generated through a brainstorming session (Garza-Reyes et al., 2010; Fortune, 1992) similar to the one conducted in the Analyse phase. After that, a selection criterion was developed based on the impact of the proposed solution on ship loading commercial time and process as well as its risk, overall impact on business, and cost, see Table 2. This criterion ensured that only optimum solutions with high benefits and relatively low implementation costs were selected for deployment. The criterion also contributed in making sure that the LSS project and solutions were aligned to the business strategy of the studied organisation. Several generated improvements, see Table 3, were selected based on this criterion. 
       Table 2. Selection criterion
	Criteria
	Definition
	Rating

	Process Impact
	The impact on the process of ship loading commercial time
	Low – High: 1 - 10

	Risk Impact
	The impact on Safety, Health, Environment & Security
	Low – High: 10 - 1

	Business Impact
	The impact on the business strategic objectives (Revenue, Productivity, People, Cost Reduction)
	Low – High: 1 - 10

	Cost Impact
	The cost of the implementation.
	Low – High: 10 - 1



Table 3. Generated and selected improvements
	No
	Action
	Expected Benefits

	1
	Invoice earlier clients to make the payment before arrival.
	Waiting for commercial clearance as mentioned in value stream mapping is reduced or eliminated.  As a result, a significant reduction on loading commercial time is achieved.

	2
	Update the standard operating procedure to avoid scheduling a bunch of vessels at the same time.
	Number of vessels waiting for a vacant berth is reduced. As a result, long loading commercial time due to waiting for a vacant berth is eliminated.

	3
	Update the standard operating procedure to plan to reclaim from only one pile in the yard.
	Movements waste in the yard is reduced and eliminated. As a result, loading productivity is enhanced.

	4
	Update the standard operating procedure to avoid scheduling vessels when no stock available.
	Waiting for cargo cases are reduced. As a result, loading commercial time is reduced.

	5
	Negotiate with vessels to reduce number of hatch changes.
	Hatch change time during loading operation is reduced. As a result,
Loading productivity is increased.

	6
	Update the standard operating procedure to plan to berth of two ships simultaneously in case of bunching of vessels.
	Changeover time between two vessels is reduced significantly. As a result, loading commercial time is reduced through quick start of loading.

	7
	Update the standard operating procedure to avoid pellets stacking in the location of 1000 – 1200.
	Reclaiming productivity is improved. As a result, loading productivity is increased.

	8
	Update the standard operating procedure to avoid berthing in #24 in case no bunching vessels.
	Low ship loader gantry speed is reduced and eliminated. As a result, loading productivity is enhanced.

	9
	Berth the cargo and freight rate (CFR) vessel operated by Vale immediately on arrival and sort out any commercial issues concurrently.
	Waiting for commercial clearance is reduced and eliminated. As a result, significant reduction of loading commercial time is achieved.

	10
	Relocate boat landing to the proposed location.
	Trimming process time is reduced. As a result, loading commercial time is reduced.



3.5.2. Loading process performance improvement. The commercial clearance, see VSM analysis – Figure 20, issue was tackled through implementing actions one and nine presented in Table 3. In addition, some updates on existing standard operating procedures were also carried out to reduce various wastes. Moreover, a new boat landing location was proposed in order to reduce the trimming process time. This solution might require some investment to set up the infrastructure, but it was still considered for a future feasibility study. 
     Loading commercial time data were, once more, collected after the improvements actions had been deployed for three months. The reason was to evaluate and quantify the improvements on the process output. A process capability analysis was carried out in order to evaluate the effect of the improvements made on the process capability index for every one of the three categories of ship loading capacity (i.e. ≤75,000 tonnes; 5,001 – 149,999 tonnes; ≥ 150,000). However, a normality test was first performed in order to determine whether the data was normally distributed. The normality test for all three categories is presented in Figure 21. The results showed that categories one and two had a p-value of less than α=0.05. Hence, the data did not present a normal distribution. On the other hand, the third category followed a normal distribution as the p-value was greater than α=0.05. Therefore, a Box-Cox transformation (Osborne, 2010) was applied to the data of the first and second categories in order to generate a process capability analysis based on a normal distribution.  
     Minitab 17 was used to perform the process capability analyses, and the results are presented in Figure 22. In general, the results showed an improvement in the process capability index Cpk for the first category, which increased from -0.009 to 0.167. Also, the percentage of occasions that loading commercial time exceeded the USL decreased from 51 to 33 percent. Similarly, the commercial time for the second category improved as its process capability index increased from 0.258 to 0.51, and the percentage of occasions that loading commercial time exceeded 42 hours decreased from 27.4 percent to 26.6 percent. Finally, although the third category of loading commercial time data points were few, it showed a significant improvement as its process capability index increased significantly from -0.048 to 2.25, and the percentage of loading commercial time that exceeded 54 hours decreased from 33 percent to zero. Although a process is considered to be capable of meeting its customers’ specifications when Cpk≥1.33 (Pyzdek and Keller, 2014), the higher Cpk values compared to those before improvements indicate that the process capability was improved. A summary and comparison of “before” and “after” improvement of the process capability results are shown in Table 4. Furthermore, the summary of the average ship loading commercial time for each category with variation in the performance are presented in Table 5. In general, an improvement of more than 30 percent was achieved as per the objective of this project that was stated in the project charter, see Table 1, presented in the Define phase.
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Figure 21. Normal probability test for categories 1 (a), 2 (b) and 3(c) of ship loading capacity


            Table 4. Summary of process capability results “before” and “after” improvements
	Category
	Status
	Cpk
	% > USL

	< 75 K
	Before improvement
	-0.009
	51.11

	
	After improvement
	0.167
	33.33

	>75K & <150K
	Before Improvement
	0.258
	27.42

	
	After Improvement
	0.51
	26.67

	>150K
	Before Improvement
	-0.048
	33.33

	
	After Improvement
	2.248
	0.00





Table 5. Summary of loading commercial time performance “before” and “after” improvements
	Category
	<75K
	>75K & <150K
	>150K

	Before improvement (Average)
	51
	44
	68

	After improvement (Average)
	31
	30
	36

	Variation Before/After
	39%
	33%
	46%
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Figure 22. Process capability analysis “before” and “after” improvements for ship loading capacities one (a), two (b) and three (c)


3.6 The Control phase
The Control phase aims to sustain the improvements achieved through various tools and techniques (Jirasukprasert et al., 2014; Basu, 2009). It is an important stage in the LSS lifecycle as it ensures the sustainability of the results (Pyzdek and Keller, 2014; Basu, 2009). In the case of this project, control measures to sustain the improvements were established through the standardisation and institutionalisation of processes and documentation, training, creation of a response plan and application of control charts. 
     Standard operating procedures (SOP) were implemented at the studied organisation in order to improve output consistency and efficiency as suggested by de Treville et al. (2005). Thus, most of the procedures used, including the improved ones, as part of the ship loading process were standardised and documented through SOPs. In addition, a response plan was established for control purposes as presented in Table 6. The response plan allowed to systematically reacting to any possible deviation from the expected outcome of the ship loading operation. 

























[image: ]           Table 6. Response plan




     Finally, control charts are a powerful tool for achieving process control and stability (Pyzdek and Keller, 2014; Basu, 2009). In the case of this project, the implementation of control charts was important for employees to monitor the ship loading process and differentiate common causes from special causes of variation in the process (Basu, 2009). Figures 23 shows the control charts for the loading commercial times for iron ore pellets and sinter feed respectively. As shown, the process of loading, in general, is in control and stable. However, the average of commercial loading rate was increased due to the improvements made. 
(a)
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Figure 23. Control chart of loading commercial rate for (a) iron ore pellets and (b) sinter feed

4. Discussion and Managerial Implications
Although improvements in operations can be conducted in an ad hoc basis, a systematic project with well-defined and logically sequenced implementation stages, such as those facilitated by the proposed framework, will provide a more effective and efficient approach to operations improvement. Furthermore, empirical evidence (e.g. Zhang et al., 2015; Vinodh et al., 2014; Krueger et al., 2014; Ghosh and Maiti, 2014; Vinodh et al., 2011; Chen and Lyu, 2009; Kumar et al., 2006) suggests that if the systematic approach of DMAIC is also further adapted to drive the improvement of specific projects and address specific problems, its effectiveness is enhanced. In this study, resistance to change was found in terms of that the studied organisation found it difficult to follow a systematic way for solving operational challenges, instead of simply “jumping” into a solution dictated by their common sense and experience. However, preparatory work previous to the project was carried out in order to convince management that a systematic problem solving approach takes away users from “intuition-based decisions” to “fact-based decisions” (Antony et al., 2015). Thus, the proposed framework not only helped the case organisation to reduce its ship loading commercial time but also established a standardised routine to improve its operations. It is now up to the top management to make sure that this approach to operational improvement is sustained and embedded within the company’s problem solving culture. This study has provided the organisation, and its managers, with a platform to achieve this. 
     Kumar et al. (2006) comment that in order to provide valuable learning lessons, it is important to highlight and discuss the difficulties encountered when conducting improvement projects. Kumar et al. (2006) suggest that this will contribute in facilitating their deployment in the future. In the case of the implementation of the proposed LSS framework, convincing top management of taking a broader view of the loading operation by also considering the berthing process and role of other business units rather than simply focusing on the loading process itself was an arduous task. This may be considered a natural phenomenon as previously indicated, the application of Lean and/or Six Sigma principles and tools by iron ore producers is limited (Indrawati and Ridwansyah, 2015; Hokoma et al., 2010; Shinka Management, 2012; Chinbat and Takakuwa, 2008). Additionally, the limited use of Lean and/or Six Sigma in the iron ore industry may also suggest that there is no clear understanding on how the benefits of the combination of these approaches, in the form of LSS, can support the improvement of operations in this sector. To overcome these challenges, management teams were convinced by citing examples of some successful organisations, in other industries, that had improved the efficiency of their processes and enhanced their bottom-line results using the application of LSS.
     Encountering employees’ resistance when introducing a new business strategy is a common phenomenon (Kumar et al., 2006; Antony et al., 2005). Early in the project, the employees of the studied organisation believed that the implementation of LSS could considerably change their working practices, affect their performance, and ultimately endanger their job opportunities. This negative attitude was overcome with the support of top management, who designed and ran an ‘awareness campaign’ to let the employees know the fundamentals of LSS and the benefits that it had brought to other organisations in various industrial sectors. The awareness campaign contributed in convincing the employees of the opportunities that the adoption of LSS would bring to the organisation, resulting in better performance that would be rewarded. Learning the fundamentals of LSS not only helped to persuade the employees that their current jobs would not be in danger, but also that best practices would be introduced for the improvement of their jobs, roles and entire organisation. Additionally, key employees that were planned to be involved in future LSS improvement projects were trained in more advanced LSS concepts and tools. All these actions taken by top management progressively increased the confidence of the employees, and eventually they were prepared to embrace the project, the implementation of LSS, and consequently the proposed new methods and working practices in their operations. Finally, as suggested by Brue (2002), once that the improvement project was successfully completed, it was publicly celebrated among the organisation’s employees to prove the effectiveness of LSS and keep employees enthusiastic and committed to LSS and future improvement projects. 

5. Conclusions, Limitations and Future Research Directions
The LSS framework proposed in this study has contributed in helping a large iron ore producer to enhance its port operations by improving a key performance parameter, namely: ship loading commercial time. The framework not only supported the systematic conduction of a LSS project, with well-defined and logically sequenced implementation stages, but also provided an impetus for establishing best practices in the company’s port operations. 
     In terms of tangible project results, the objective of this study was to reduce the ship loading commercial time by 30 percent. Nevertheless, the results showed an improvement of more than 30 percent in both process capability index and loading commercial time. This has led the case organisation to achieve substantial cost savings estimated by its financial department, in the range of $300,000 USD per annum in terms of demurrage fees compared to 2014. Furthermore, customers were satisfied with the loading service provided by the studied organisation. As described in Section 3.6, the actions taken in the Control phase of DMAIC will ensure that these benefits are maintained by driving the organisation to sustain the best new practices adopted in its port operations (Jirasukprasert et al., 2014; Pyzdek and Keller, 2014; Basu, 2009). However, top management is aware of the fact that in order to develop and sustain a LSS culture in the long term, besides training and celebrating success (see Section 4), the development of some soft organisational practices will be required (Bortolotti et al., 2015). For this reason, the case organisation has been suggested to develop practices that include: long term thinking, discussion of strategic level thinking in LSS programmes as well as motivating and empowering its employees (Bortolotti et al., 2015; Achanga et al., 2006; Liker 2004; Hines et al., 2004). The development of these practices will not only contribute to the long term sustainment of LSS within the studied organisation but also to the embedment of the LSS philosophy and principles in its organisational culture. 
     The proposed LSS framework has been test implemented in a single business unit of an iron ore producer, and focused on addressing one specific problem (i.e. long ship loading commercial time). In the future, this framework can be used as a base and adapted to drive improvements in other units of the studied organisation and/or to tackle other operational problems. The success reported in this paper and achieved by the port in its loading operations will provide a solid base and facilitate the acceptance of the implementation of LSS, and the framework proposed, in other business units. In this way, the proposed LSS implementation framework will be validated across several industrial scenarios. In addition, more tools and techniques can be added, or removed, from the framework for specific adaptation and enhancement.   
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