inventory management at a major utilities company 
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EXECUTIVE SUMMARY

This report is about an inventory management project undertaken on behalf of The Client, a major player in Alberta’s recently deregulated electrical utilities industry.  The company currently holds in excess of $15 million in spare parts inventory between three power generation facilities in Mid-Western Alberta.  These inventory items are used to service the generation facilities, and so are critical to the continued operation of the company.  The company wants to release some capital from its inventory investment by reducing inventory levels.  The goal of this project was to “right-size” inventories such that the total level of inventory held can be reduced while not exposing the company to the risk of stockouts.  Stockouts can potentially cost the company up to $1 million per hour if the generation facilities have to be such down, so there is a necessity to balance the savings gained by lowering inventory against the increased chance (and cost) of stockouts.  Helping The Client to evaluate and achieve this delicate balance is our objective. 

The current inventory management system within The Client has many complications, not the least of which is the broad range of products, which makes the problem of determining right-sized inventories more difficult. The variation in the value of inventory items held is quite staggering. Despite the disparate characteristics of the inventory items, such as turnover ratios, prices, and functions, all inventories are treated quite similarly within the system.  

Our approach to rectifying the current inventory situation was to build a decision support system (DSS) that could simulate the consumption of various inventory items.  Different minimum and maximum inventory levels could then be examined while the costs of such strategies were explicitly evaluated.  The inputs of the system are cost measures such as the cost of carrying, ordering, and running out of inventory, as well as the historical consumption patterns of the inventory itself.  The outputs are a fill rate, a breakdown of total costs, and an aggregate view of the tradeoff between holding too much inventory and the potential costs of holding too little on a per-product basis.  The Client will use this tool to evaluate scenarios and to choose inventory levels that they deem to be both efficient and adequate.
BACKGROUND

PROJECT BACKGROUND.

We are a team from the Management Science 468 - Consulting class through the University of Alberta School of Business.  It is committed to promoting practical industry skills and abilities in the field of management consulting.  Scott Powell of The Client brought this project to the class, and after a successful bidding process, we committed to the completion of project. Scott Powell, Ryan Palmer, and Zoravar Dhaliwal have specified the terms and agreements of this project in a proposal that was signed on the 14th of March 2001.
COMPANY BACKGROUND.
The Client has evolved from being an integrated, regulated, Alberta-based coal and hydro-utility company to Canada's largest publicly owned and non-regulated electricity generation company, with more than $6.6 billion in assets.  The company currently operates through two main subsidiaries: The Client, which runs the company's coal-fuelled and hydro-electric generation plants, and The Client, which sells electricity and gas in Canada and other countries.  Altogether, the company employs almost 3,000 people.  

The company’s competitive edge is their track record as a low-cost operator of generation and transmission assets.  The Client 's older, depreciated plants enable it to generate low-cost energy, thereby giving it a potential price edge in this recent era of deregulation.  The company has operations in Australia, Canada, Mexico, New Zealand, and the US, and they are focusing their growth efforts in these countries.

On Jan. 1, 2001 the Alberta government deregulated the power generation sector of the Alberta electrical-utility industry.  The goal of this modification was to open the industry to competition and to make it more fair to consumers.  The Client had previously enjoyed a monopoly in the Alberta power generation sector.  This evolution led to a need to cut costs to compete within the newly created Alberta Power Pool, which is a massive power grid that suppliers of electricity sell their product into.  To stay competitive and ensure survival, The Client must be a low-cost producer.  To do this it must realize savings wherever possible by employing strategies to better improve efficiency.  The Client must, for the first time, take into account the importance of efficient inventory management if it is to prosper in this newly deregulated environment. 

Inventory management deals with exploring the tradeoff between carrying too little and too much inventory.  Carrying too little inventory may result in not having a component on hand when it is needed, which we refer to as ‘stockout costs’.  For The Client, the stockout cost is highly variable value due to the diverse functions of the inventory items.  Carrying too much inventory incurs costs for handling, storing, and tracking inventory.  Perhaps more importantly, carrying inventory incurs an opportunity cost by tying up capital in an inventory investment that earns no return on investment.  We refer to these costs collectively as ‘holding costs’.  A final consideration in inventory management practices are the ordering costs.  These costs are fairly small to The Client due to their flat ordering fee of $125 per order. 

PROJECT ROLES.

Role of the Consultant:
As consultants for The Client, we possess the skills necessary to develop the application requested and to meet the other needs of The Client, as outlined in the objectives and scope.  We needed to gather information and report our findings on the most cost effective ways to manage and hold inventories.  We were responsible for providing a simulation spreadsheet model, which could evaluate inventory cost scenarios based on defined inputs.  By inserting key inputs into the model, The Client is able to evaluate an efficient inventory level through examining the tradeoff between holding too little and too much inventory.  As consultants, we committed ourselves to meeting the needs of the company.  We developed a flexible relationship that catered to effective communication, relayed concerns and opinions, addressed points of interest, and facilitated a positive experience and project development.  

Role of the Client:
The role of the client was twofold.  The first requirement for The Client was the allocation of resources.  These resources included both human and technical resources. The human resources included the use of managers and end-users to assist our understanding of the problem and solution formulation. We also required assistance navigating through the facilities during site visits. This interaction with the company was a vital part of the creation of the end product as it enabled us to constantly check our progress with the company and to solicit input.  The second role of the client was to assist us by providing data as required.  Information was and is the backbone of our solution. Accurate data resulted in a more realistic and value-added model.  
OBJECTIVES AND SCOPE.

Problem Definition:
The objective of this project was to aid TranAlta Utilities in right-sizing their inventory levels through explicitly evaluating cost tradeoffs between holding too little and too much inventory.  

· We assisted The Client in increasing profitability by reducing the amount of inventory that they store at the Wabamun, Keephills, and Sundance facilities.  

· This reduction in inventories contributed to lower carrying costs without significantly increasing the frequency of any stock outages that might take away from their bottom line.  

· To increase and approach (or even surpass) the industry average of an inventory turnover ratio or 4.

During this project, we also endeavored to explore the costs associated with keeping various levels of inventory (carrying and stock-out).  Finally, the company wanted a decision support system (DSS) that would enable them to input consumption patterns and order quantities in order to output the total cost associated with various scenarios.  From our discussions with company representatives, it was our understanding that they wished to streamline their inventory management process.  More specifically, they wished to reduce costs by identifying optimal levels of inventory for different components.  

Currently within The Client, they use minimum and maximum parameters on current stock to control the levels of inventory.  If the amount of particular product line in inventory falls below the minimum, then an amount is ordered such that they reach the maximum levels.  

Scope:
The scope of this project was restricted to a single inventory category within the company’s inventory management system: Mechanical Items Inventory.  This category was deemed to have the greatest potential for cost saving because it contained about 10,000 different product lines that composed a large portion, almost 80%, of the total inventory value within the company.  This inventory group was extremely diverse in its range of products, which included items priced from less than $1 to over $120,000, high and low turn items, and critical and non-critical items.  We decided that by tackling this group we would get a good idea as to how to expand the project to the rest of the company later.  In addition, the project only examined inventories at the Sundance generation facility, which is the largest of the three facilities in the Alberta cluster that we examined.  Again, we decided that Sundance would act as a pilot project from which The Client could later expand to the other generation facilities.

ANALYSIS

SYMPTOMS AND ROOT PROBLEMS.

From interviews with inventory managers within The Client as well as external research, we found the following incongruities within the company’s inventory management processes:

1. The average turnover ratio is only about ¼ of the industry average.

2. Some inventory items being held are obsolete and will never be used.

3. Often items are held that never turn, thus tying up capital.

4. Some high-turn items have a safety stock that rarely approaches zero.

5. Some inventory levels currently hover below prescribed minimum levels, while other parts have reached levels above the prescribed maximum levels.

6. Employees request materials outside of established management system, which forces inventory managers to make subjective modifications to inventory requisitions.

All of these problems are symptomatic of an ineffective inventory management system that is trusted neither by the managers who implement the system, nor the workers who toil under it.  The root causes of these problems are: an ineffective inventory tracking system, the fact that the company does not understand the tradeoffs between holding too much and too little of a particular inventory item, and poor positioning of the min/max levels.  These problems may have existed for some time now, but only through the advent of deregulation in the Alberta electrical utilities industry has the time come that The Client deems it necessary to do something about it.

ACQUISITION OF DATA.
We gathered data regarding the handling of maintenance parts inventory at the Sundance, Wabamun, and Keephills generation facilities.  It was extracted directly from the company’s SAP software system and converted into Excel format, which we used later to further our analysis.  The data spans a period from January  1997 to December 2000.  These are considered typical years with respect to maintenance of the electricity generation equipment so we feel that the data is both representative and relevant to our cause.

Each plant carries its own store of these spare parts that are used in the upkeep of the generation equipment.  What we truly wanted were the usage patterns of the individual product lines held at the plants, but what we received were a variety of other aggregate measures on each of the 10,000+ product lines currently held.  We received measures such as the average value of inventory in stock, the total number used, and the turnover ratios for a full year’s worth of data.  From these measures we were able to visualize the internal workings of the facilities.  It became clear that the company had a massive diversity within the usage patterns of the individual product lines.  They held certain high-priced inventory items that were used only a couple of times every year.  Nonetheless, these items were held in inventory due to the high cost of not having one of these units on hand when one was needed, which was somewhere in the range of $1million per hour.  Other inventory items cost very little per item, but were used almost daily.  The cost of not having one of these inventory items on hand when one was needed was negligible, but they were held for the sake of convenience.  Finally, with more than 10,000 different products lines in inventory we found that it was simply not realistic for us to look at each product line individually because the product lines had to be treated differently due to the nature of the part.  We partitioned the inventory items into a two by two matrix for the purpose of sampling inventory types from each inventory type, as follows: 

	Inventory Item Matrix
	Low Turnover
	High Turnover

	High Cost
	Few.
	Rare.

	Low Cost
	Many
	Many.


MODEL.

Assumptions:
Our analysis is framed in the same fashion as The Client’s current min/max system, so we explored various levels for the company.  The following are assumptions that our group has made to simplify the project and to make it more manageable:

1) Inventory items that fall into particular groups are homogenous in that they can be treated similarly, and so a comparable simulation model can be used.

2) All current and future inventory consumption patterns follow the past consumption patterns.

3) Lead times are consistent throughout the year for individual product lines.

4) Associated cost inputs (holding cost, order cost, and cost of stock outages) are fixed at a given level throughout the time period.

5) The data will be given in a set format specified by the Client and our group. This format can be seen in Appendix A.

Description:
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We have constructed a simulation model that accurately emulates the actual consumption of maintenance inventories at The Client.  The model is based upon historical consumption patterns, and illustrates the tradeoff between the costs of carrying inventory and the costs of running out of inventory.  The major drivers in the model are the carrying costs, ordering costs, lead times, and cost of stockouts.  The outputs are total cost associated with a given min/max level.  These min/max levels are then put through a sensitivity analysis so that the company can evaluate the benefit of holding more or less of individual product lines in terms of fill rates, stockout percentages, and total cost.  The current minimum and maximum levels for inventory management are used as benchmarks so as to determine the relative cost savings and/or fill-rate changes. 
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Realizing that any simulation model is only as good as its inputs, we conducted considerable sensitivity analysis on the key inputs as well.  In particular, a precise carrying cost proved difficult to obtain from The Client, which would permit the company to evaluate inventory policies under several scenarios.  We first used a set carrying cost of 30%, and then we varied it from 28% to 40%.  The other  variables we preformed sensitivity analysis on was the min/max levels. We varied these from 1 to 11 and allowed the user to find a lower cost min/max level.  We have also added a feature which allows the user to define a percent deviation from the minimum cost solution.  This allows them to see other very feasible solutions if the minimum one is not feasible to the organization.  

Implementing a DECISION SUPPORT SYSTEM:
  To accommodate the use and implementation of the simulation model, we provided a simple GUI front end to aid in data input and to hide the details of the spreadsheet operations, which we have termed a decision-support system (DSS) platform.  The DSS allows users to change model parameters at their own discretion, it automates the simulation process, and it provides the outputs in an easy to interpret format.  The DSS is a user-friendly tool that enables the user to obtain results without needing to know the intricate details of the model. 

The user has the ability to select an Excel file with past data and the relevant worksheet.  They then are required to enter the lead time, the lead time units, the minimum and maximum inventory level for that particular product, a cost of stockout, a fixed order cost and a variable order cost.  Lead time, lead time unit, and min/max levels are required while cost of stockout, fixed and variable order cost have default values. The default values can be changed by selecting the Background tab on the user interface and typing in the desired changes.  The DSS also automates the simulation process by creating a cumulative distribution table from the user supplied historical data.  It also automatically conducts sensitivity analysis and updates the tables and graphs.  Please refer to Appendix C and Appendix D for a view of the DSS model. 
Ultimately, the model enables The Client to determine min/max levels that are acceptable to them in terms of the cost of carrying inventories and the probability of not having a spare part on the shelf when it is needed.  Our expectation is that the levels of inventory for many of the product lines can be reduced, thus freeing up capital within the company, without a significant increase in exposure to the risk of stockouts.

SOLUTIONS

RESULTS.

Analysis of Results from DSS:
This section has not yet been completed due to a lack of data.  We have to wait for our contacts from The Client to return from holidays before we can conduct our analysis on individual product lines.  We need to collect more data on representative items from the four assigned product groups before we can generalize much further, and to do this we need to gather more data. 


Managerial Analysis:

From our preliminary analysis of the original data we discovered that 71% of the inventory product lines within the Mechanical Inventory group at the Sundance production facility had not been used even 1 time during the year 2000.  These zero-turn items comprised 58% of the total value of inventory at the facility.  A further decomposition on this quadrant of the analysis showed that high-cost, zero-turnover items comprise 1% of inventory, but 25% of total inventory value.  The Client should explore these types of inventory immediately in a search to identify and liquidate obsolete inventories.  It is entirely possible that the need for these items simply has not arisen during the last two years, but it is also possible that the cost of holding such items overshadows the potential cost of stockouts as a group of inventory items.  This area is an excellent starting point for The Client’s inventory management reform programs due to the fact that it can possibly yield significant cost savings..  We will go further into depth in this section upon completion of the analysis of the representative items from the four product groups. 

IMPLEMENTATION WITHIN ORGANIZATION.
The implementation of this DSS tool should be fairly straightforward within The Client.  The company can either devote some time to running the throng of products within the Mechanical inventory group through the model, thus systematically right-sizing their inventory levels according to their own preferences, or they can use the tool more sporadically.  In the second case, the tool would be employed whenever a reorder comes up within the current system, and a gradual move towards efficiency could be achieved.  The tool takes less than a minute to run, which makes it amenable to either implementation strategy.  

A possible implementation issue is the resistance of the employees to any decrease in the amount of inventory stored.  They see the inventory system as primarily a convenience issue.  They do not want to have to wait to use a part, and would prefer to overstock in more instances.  We have attempted to quantitatively incorporate convenience by adding a cost of convenience to the cost of stockouts, thus encouraging maintaining inventories, but the end result of the model is still to reduce inventories in several cases.  
FUTURE OF THE PROJECT.

DSS output additions will include:

1) Comparison with current and better case scenarios

2) Comparison with item group averages

3) More analysis on the trade-off between carrying and stockout costs.

These modifications will allow the user to better analysis and more easily interpret the results of the analysis done by the DSS. It will also further the quality of the analysis completed.

MILESTONES AND MEASURES.

The Client should track inventory levels and evaluate them annually as compared to a benchmark from the year before the tool was incorporated.  If the costs have not decreased significantly, it may be that the model requires revision.  We realize, however, that The Client cannot accurately determine total inventory costs at this point in time, so instead we would suggest tracking the total value of inventory carried, the average turnover ratio, and the number of stockouts that occur in a fiscal year to approximate this measure.  This exercise can also be conducted on past data so as to safely evaluate the model.

The simulation inputs should be updated whenever the model is used by utilizing the most current usage data.  A calculation of total carrying cost and cost of stockouts could also help The Client to see if project has paid for itself, as we expect it to.
CONCLUSION.
The use of our DSS model will enable The Client to look at changing the minimum and maximum inventory levels for individual product lines in the pursuit of reducing their investment in inventories in some cases, and reducing their exposure to the risk of stock outages in other cases.  Overall, the DSS model will enable them to understand and quantify the tradeoffs involved in their inventory management system, and will lead to a better system-wide handling of the situation in the long run.  There will be less reliance upon subjective judgement in determining appropriate levels, and justification for changes will be just the push of a button away.  As an example, inventory managers will be able to say, “If I want to save $X in carrying costs, then my probability of incurring a stockout will increase by Y%,” or “For $X additional investment in inventory I can reduce stockout risk to an acceptable level.”
ADDENDUM

A few issues arose during the course of this project that lie outside of our scope, but that bear mentioning due to the fact that they may be able to help The Client achieve the most efficient inventory management system possible.  This issues will not be followed-up upon by our group unless we are contracted to do so in the future.  These issues seem to be fairly independent of the current project, and so the implementation of our DSS tool should not be compromised in any way.

The option of exploring supplier relationships seems to have a lot of promise for The Client.  If the company is able to encourage suppliers to deliver upon demand for certain inventory items, the company may benefit from reduced carrying costs.  This option is dependant upon delivery lead times being quite small, but nonetheless, pushing inventories back to the shelves of suppliers has cost-savings potential.  Our group did not undertake this avenue of research because we have neither the resources nor the expertise to dabble in such fundamental areas.  Also, we did not want to upset current relationships by proposing any changes.

The possibility of central warehousing may also be an option for The Client.  The three plants in Mid-Western Alberta, Wabamun, Keephills, and Sundance, are in such close proximity to each other that it seems senseless for each facility to maintain a self-sustaining inventory load.  There are in existence common inventory parts that are used at two or even all three of the facilities, yet are purchased at each facility separately.  One solution to this redundancy is to supply all facilities from one warehousing location.  This modification would require substantial improvements in tracking and coordination of inventories, but the cost savings may be worth it especially for large-ticket, slow-turning inventory items.  The existence of the “milk-run”, which is a truck that tours between the three plants on a frequent basis, makes this alternative all the more viable.  We feel that The Client should seriously evaluate this option.

Finally, it has come to our attention that some of the inventory being held by The Client is obsolete in that it is no longer used in the maintenance of the generation facilities for one reason or another.  To hold these inventories is totally senseless.  It is understandable that such items may have slipped through the proverbial cracks in the system, but to not actively hunt these items out and liquidate them is to intentionally tie up capital in an investment with a 0% return, while at the same time occupying warehouse space, and potentially incurring some handling costs.  The Client should liquidate these items as soon as possible to free up capital and warehouse space.  Finding these inventory items is well beyond the abilities of our group because we do not know what most of the inventory items do in the first place.  We simply cannot know which items are obsolete.  Experienced The Client personnel will have to tackle this efficiency problem.

APPENDIX A:  SPECIFIED DATA FORMAT

The following is an example of the report format that will be called for each individual product line from The Client’s SAP system in order to input historical inventory consumption patterns into the model.  The length of the columns is not important, as the model will choose the full range of values as inputs, but the columns must be in the proper order so that the correct values are used for the previous consumption patterns.  The file format for this input is a Microsoft Excel File.

APPENDIX B:  DESCRIPTION OF THE SIMULATION MODEL

This model is run off a Microsoft Excel platform.  It works best with a fast computer that has the macros enabled.  In column E of the simulation model we simulate Demand, which is a probabilistic sampling of past data.  Based on a random number, the demand for an individual period is chosen from a cumulative probability table that represents the past consumption of the inventory.  In this way we are able to recreate the demand distribution from the past.  In column F we calculate Beginning Inventory, which is the Ending Inventory from the previous period plus any inventory that was previously ordered and is scheduled to come in for that time period.  In column G we determine Inventory Position as the beginning inventory plus any inventor y that has been ordered and has not arrived yet. In column H we calculate Order Amount that determines when to order, and how much.  We will order when the inventory position falls below the user define Min, and we will order up to the Max. In column I we determine Usage. It determines the amount of items we will use in that particular time period; this is the minimum of beginning inventory and demand because we can only use what inventories we have.  If demand exceeds beginning inventory we can only supply what we have in inventory, therefore we have a Shortage, which is calculated in column J.  Column K is Ending Inventory and represents the Beginning Inventory minus the amount we use in that particular time period.  In column M we calculate the Ordering Cost, which is $125 every time we order.  In column N we calculate Carrying Cost, which is Ending Inventory times the carrying cost.
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APPENDIX C: DSS INPUTS



APPENDIX D: DSS OUTPUTS

The outputs we currently provide to the user are scenario analyses of the stockout cost, probability of stockout, holding cost, order cost, and total cost based upon the given inputs for different min/max levels ranging from 1 to 11.  The results are given in both a numerical format (in tables) and a graphical format (as shown below).  The shaded numbers in the tables fall within a specified percentage of the optimal min/max level (in this case, 5%).  We also have similar outputs for the sensitivity analysis on the carrying and stockout costs with a set min/max level.
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