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Introduction:  

Inventory has been and continues to have an essential influence on 

companies across industries and regions; especially with increasing 

competitive pressures, source of supply globalization, and diminishing 

product life cycles.  These times of economic difficulty demand that 

business leaders transform their supply chains to strategically align 

superior customer service levels and financial performance. 

¢ƻŘŀȅΩǎ maestros in supply chain management  are beginning to conduct 

inventory as an instrument to fine tune revenue derived from operations 

while  reducing the capital charge incurred from the use of its credit.  

According to a study by Aberdeen1, fifty-six percent (56%) of companies 

regard supply chain management: as a market strategy differentiator, a 

customer service differentiator, or as a profit center; as opposed to 

strictly a cost of doing business.   

Market Drivers:  

According to Aberdeen1,  the top pressures today that are driving 

companies to focus on supply chain transformation are the following: 

cost containment (67% of companies), escalating demands for customer 

service (48% of companies), requirements to restructure brought on by 

growth or  acquisition/divesture activity (45% of companies), and the 

demands to manage a more global business (40% of companies) .   

In response to these pressures, companies have either redesigned or 

have started to redesign their supply chains.  More than 90% of 

companies have started to, or have already redesigned their domestic 

supply chains ς and 80% of companies have started, or have already 

redesigned their international supply chains. 

According to a survey conducted by Microsoft9, the top supply chain 

objectives are the following: lower costs (76.3% of companies), improved 

customer service (51.3% of companies), and faster deliveries (38.3% of 

companies). 
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Problems: 

Over the last several decades, there has been a major paradigm shift in 

the way organizations manage their inventory from the input of raw 

materials to the delivery of the final items to customers.  Management 

techniques such as Lean Manufacturing have allowed operations to 

reduce excess inventories, trim costs, and become more responsive and 

flexible to changes in the market.   

The concept of Lean arose in the late 1950s/early 1960s, when Shigeo 

Shingo, was consulting to a variety of companies regarding their inability 

to eliminate bottlenecks that were in turn driving up production lot sizes.  

With production lot sizes at the core of Lean, a basic problem for 

businesses is to determine what quantity of a given item to order and or 

produce and how much inventory to keep on hand.  According to 

Microsoft9,   the most popular supply chain management methodologies 

are Continuous Improvement (70.5% of companies), Lean Thinking (41.4% 

of companies), and Lean Manufacturing (38.8% of companies). 

Historical Approach: 

Historically, solutions to inventory management have focused on total 

cost minimization and customer service.   According to Aberdeen12, 26% 

of companies utilize an inventory policy based on a general frequency, 

including 21% which use a monthly frequency, while 24% utilize policies 

based on service and cost objectives, 20% utilize ABCD categories based 

on product throughput speed, and 22% use a combination of cost and 

ABCD categories.  

Within the context on how much to order, many formulas and algorithms 

have been created to minimize total cost.  Fundamental to these methods 

is the Economic Order Quantity (EOQ), or Lot Size, Model.  Still in use 

today, the model was originally developed by F.W. Harris in 1913.  For the 

history of the EOQ Model, see D. Erlenkotter3.  The formulation and 

operation of the model are explained by E.A. Silver, D.F. Pyke, and R. 

Peterson4. 
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The EOQ Model recommends an order quantity that minimizes the total 

variable cost required to order and hold inventory.  Determination of the 

EOQ involves the following four basic variables: the demand for a 

particular product or component, the ordering cost which is the fixed 

portion of the cost for placing and setting up a single order (in today's 

environment of increasing fuel costs this also includes transportation 

costs), the unit cost which is the is the cost to buy an item of inventory (in 

the case of a retailer) or the cost of a component or a unit amount of raw 

material (in the case of a manufacturer)plus the marginal costs of value-

added processing, and the holding cost ratio which is the cost of holding 

one dollar of inventory for one year (includes storage, obsolescence, 

shrinkage, property insurance coverage, property taxes, and cost of 

capital).   

Fig. 1 illustrates a specific example of the EOQ Model, for subsequent 

comparison.  The vertical axis in the figure is cost. The horizontal axis is 

order quantity. The dependence of the total annual variable cost of 

ordering inventory is shown in the figure with a blue line.  The shape of 

this curve reflects the fact that the number of orders within a year 

decreases as order quantity increases.  

 

Figure 1: EOQ Costs versus Order Quantity 
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The dependence of total annual holding cost upon order quantity is 

shown with a red line, which increases linearly as order quantity 

increases. The sum of these two curves, the total cost, is shown with a 

green line.  The minimum of the curve occurs at the economic order 

quantity, which corresponds to the minimum total cost. In this particular 

example in which safety stock has been omitted from the calculation, the 

value of EOQ is 2126 units. 

In this case, the sound or pitch this business enterprise makes is 

represented by the inventory level with time. Each enterprise exhibits a 

fundamental frequency or pitch relative to inventory. This sound 

comprises the following: order size (amplitude of the sound), time 

between orders (wavelength of sound), and inventory on hand 

(displacement of the sound): 

 

Phitch 1:  At EOQ 

As noted earlier; however, it is common practice to maintain a time based 

amount of inventory, for example one month.  In this case, the increase in 

inventory has displaced the sound of the business enterprise.    
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Phitch 2:  At EOQ with 1 month inventory 

Demands for improved financial performance have historically been 

answered by reducing this amount of inventory; however, this reduction 

in inventory has created demands for improved customer service.  

¢ƻŘŀȅΩǎ ŘŜƳŀƴŘǎ ŦƻǊ ŎǳǎǘƻƳŜǊ ǎŜǊǾƛŎŜ ƘŀǾŜ ƘƛǎǘƻǊƛŎŀƭƭȅ ōŜŜƴ ŀƴǎǿŜǊŜŘ 

by determining how much safety stock inventory to keep.  The safety 

stock quantity is inventory in excess of forecast demand that is kept on-

hand to avoid stockouts and to maintain a high value of customer service; 

which is the ratio of the number of orders completed on time to the 

number of orders placed.  

A more realistic formulation of EOQ incorporates safety stock due to 

variability in demand and variability in lead time; where lead time is the 

time interval between when an order is placed from a supplier and when 

the ordered goods are received.  A widely-used formula for safety stock 

quantity is presented by (Silver et al.,)4.  Software packages used to 

determine safety stock quantity based on lead time are known. 

Furthermore, software packages used to optimize inventory levels, 

optimize supply chain design, and to optimize supply chain plans relative 

cost and time are known.   
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Fig. 2 illustrates the case just described in which total cost incorporates 

the effect of safety stock, but is otherwise analogous to Fig. 1. The values 

of the parameters are the same as in the previous example.  Additional 

parameters are used based on customer service level, demand variability, 

and lead time variability. The vertical axis, the horizontal axis, the order 

cost curve, the holding cost curve, and the total cost curve should be 

interpreted in the same way as their counterparts in Fig. 1;  however,  the 

holding cost curve now includes the cost of safety stock. As in Fig. 1, the 

minimum of the total cost curve occurs at the economic order quantity. 

Inclusion of safety stock results in a recommended order quantity of 2126 

units, the same as the case described previously in which safety stock was 

ignored. This is expected as the recommended safety stock for this 

example was zero; however, this is not always the case. 

 

Figure 2: EOQ Costs versus Order Quantity with Safety Stock Included 

Generic Solution:  

Traditional methods focus on total cost and, in some cases, attaining 

customer servƛŎŜ ƭŜǾŜƭ ƻōƧŜŎǘƛǾŜǎΦ ²ƛǘƘ ǘƻŘŀȅΩs pressures for financial 

performance, these inventory management methods have ignored the 

opportunity to incorporate a broader concept of managing income and 
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cash flow growth, particularly in the area of replenishment. Instead of 

logic that simply reduces cost, a replenishment scheme that maximizes 

economic profit (which is the amount earned above the cost of capital) is 

ǇǊŜŦŜǊǊŜŘ ǘƻ ƳŜŜǘ ǘƻŘŀȅΩǎ ǎǘǊŀǘŜƎƛŎ ƻōƧŜŎtives.  Economic profit combines 

income statement and balance sheet performance. 

Economic profit is the difference between the profits the enterprise 

derives from its operations and the capital charge incurred through the 

use of its credit line (G.B. Stewart5). Economic profit properly accounts for 

all the complex trade-offs involved in creating value. (Stewart5) Economic 

profit is often referred to as ECONOMIC VALUE ADDED or EVATM 

(Trademarked by Stern Stewart & Co.).  EVA was launched by Stern 

Stewart and Co. in 1989 and is based on theories published by Nobel Prize 

winning economists M. Miller and F. Modigliani in 1958 and 1961.  

The use of economic profit as a main corporate financial metric is 

discussed by J.M. Stern6.  According to Stern, research shows that 

companies using EVA have outperformed their competition by an average 

of 49%.  Although economic profit has been used as a corporate 

performance metric, it has not been employed in the day to day 

operating decisions of a business enterprise. In particular, economic 

profit has not historically been used in inventory optimization and 

management.  According to a study by Microsoft9, the most common 

metrics utilized to measure the effectiveness of Supply Chain 

Management (SCM) processes are the following: Gross Margin (58.7% of 

companies), On-Time Delivery to Customer (57.4% of companies), and 

Inventory Turns (36.1% of companies). Furthermore, while most 

companies found SCM to be effective in improving their performance; 

surprisingly, 20% of companies did not know if their SCM processes were 

effective in improving performance.  

Economic profit differs substantially from accounting profit. Economic 

profit represents the residual income that remains after the opportunity 

cost of all capital has been deducted, whereas accounting profit is 

calculated without imposing a charge for equity capital. Key drivers of 

economic profit include operating income, income taxes, capital utilized, 
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and the cost of capital. Measuring economic profit is therefore more 

strategically meaningful than approaches that calculate cost, because the 

optimal economic profit from purchasing inventory can be directly 

compared with the economic profit the company can make from other 

opportunities; such as investing their money elsewhere.  

A Lean Inventory Management solution should therefore optimize an 

enterprises sound or pitch such that the order quantity and safety stock 

maximize economic profit.  The order quantity and safety stock that 

balances the net operating income with the capital charge are referred to 

as the Economic Profit Quantity (EPQ) and Economic Profit Safety Stock 

(EPSS). 

Fig. 3 illustrates the results of an EPQ/EPSS calculation in an exemplary 

case. All the parameter values used in the EOQ calculations of Fig. 2, 

described previously, were also used in this EPQ calculation.  In Fig. 3, the 

vertical axis corresponds to the values of the profits earned from 

operations and costs of capital. Values of order quantity are shown on the 

horizontal axis. The curve for net operating income rises rapidly for small 

values of order quantity and then gradually decreases for larger order 

quantity values. The curve for capital charge increases linearly as order 

quantity is increased. 

The difference between these curves is the curve for economic profit, 

which has a maximum at a value of the order quantity equal to the 

economic profit quantity. The order quantity chosen using the EPQ/EPSS 

model may be substantially different from the EOQ model because the 

information being taken into account is itself significantly different. The 

value of EPQ and EPSS truly balances the net income with the capital 

charge at the optimum location for inventory management.  

The EPQ/EPSS model tends to result in a smaller run size than the EOQ 

model. In the example illustrated by Fig. 3, the value of EPQ is 1746 units, 

which is substantially smaller (by 380 units) than the value recommended 

by the EOQ model of Fig. 1 without safety stock. Moreover, the EPQ/EPSS 

calculation does take safety stock into account. The value of EPSS in Fig. 3 
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is 17, which is significantly different than the EOQ calculation shown in 

Fig. 2.  

 

Figure 3: Economic Profit Quantity (EPQ) and Economic Profit Safety Stock (EPSS) 

With the utilization of EPQ and EPSS, the sound of the business has 

settled into its fundamental /core pitch as shown in Phitch 3 above. It is 

at the optimum sound for the strategic objectives set-out by its business 

leaders.  

In this example, economic profit from utilizing an order quantity  at the 

EPQ with a safety stock of EPSS is $108,204 compared to $92,114 in Fig. 1 

and $107,228 in Fig. 2.  The increase in economic profit obtained from 

Phitch typically  ranges from 1 to 15%, depending on the state of the 

operation, but it is obtained essentially with little or no in capital 

ƛƴǾŜǎǘƳŜƴǘΦ Lƴ ǘƻŘŀȅΩǎ ŎƻƳǇŜǘƛǘƛǾŜ ŜƴǾƛǊƻƴƳŜƴǘ, it can represent an 

important improvement.    
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Phitch 3:  At EPQ and EPSS 

Benefits:  

The shift in the pitch with the utilization EPQ and EPSS can be more 

clearly understood when comparing the before and after pitches in the 

chart below (Phitch 4).  

At EPQ and EPSS, the enterprise is ordering smaller quantities (amplitude) 

more frequently (wavelength) at a lower base stock (displacement). The 

business is making a sound that balances reduced operating costs with 

inventory and customer service. Aberdeen8 reported that the top 

pressures impacting ERP strategies are reduced operating costs (54% of 

companies) and improved customer service (32% of companies). The 

sound of the business at EPQ and EPSS can optimize both these 

strategies.  

 


