Ops class # 14; Readings: 1) Inventory Economics, 2) Mass Customization at HP: The power of postponement; Problems: 1) Genoa Electronics, 2) Genoa Continued, 3) Consolidated Industries

Inventory Economics

Inventory management is concerned with the following trade-offs

1. Economies of scale versus holding costs: Generally receive lower prices on larger order quantities and reduce order/delivery/transaction cost but have to worry about storage and obsolescence.

2. Upside risk versus downside risk: too little inventory starves the system, but too much is a waste.
Costs of inventory

Broken into 2 parts:

1. Physical holding cost: amount of money or assets directly or indirectly expended to store inventory. Ex. Storage rental, insurance, security, obsolescence, spoilage, etc.

2. Financial holding cost: Opportunity cost of inventory
· Accepted method of calculating financial holding cost: (average inventory level) * (unit marginal cost to produce inventory) *(opportunity cost of capital)
· Ex. 100 units of inventory, $10 marginal cost per unit, 20% o.c.o.c = $200/year
· Note: only marginal costs are considered since fixed costs are sunk and therefore irrelevant to opportunity loss.
· Note: formula is an approximation since it ignores interest compounding
Excess WIP has other harmful effects:

· Increase throughput times

· Buffers cover up mistakes and reduces accountability, leading to slack environment

· “Excess WIP inventories, by allowing a process to continue functioning despite poor quality materials, equipment malfunctions or sloppy workmanship, retard detection and correction of such problems.”

Economic Order Quantity (EOQ)
EOQ is the simplest model to capture trade-offs between economies of scale and holding cost. In EOQ, orders are placed at regular intervals and arrive just as inventory reaches zero.

Assumptions

1. Single product

2. Demand rate is known and constant

3. Inventory replenished through orders which arrive all at once

4. Fixed cost to place order and variable cost for each unit ordered

5. All demand is meet (no backorders)

Inputs

S ( Fixed Order Cost

c (  Variable Cost per Unit

D ( Annual Demand

h ( annual physical holding cost

i ( opportunity cost of capital

Decision variable

Q = order quantity

The Total Annual Cost (TC) is the sum of the annual ordering cost and the annual holding cost.

The order cost is    A.O.C. = 
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For holding costs, first calculate marginal cost of inventory. Each order of Q units costs S + cQ, so the marginal cost of each unit is (S + cQ)/Q. Then, since we know the average inventory level is Q/2, we can calculate Total Holding Costs as the sum of financial and physical holding costs.

A.H.C. = 
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Therefore, TC = 
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, with H ( ic + h, and called the marginal holding cost.

To determine the optimal order quantity, Q*, we differentiate with respect to Q, resulting in Q* = 
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. This is also know as the Economic Order Quantity, or EOQ.
Generic Insights:

· The higher the fixed cost, S, the higher the EOQ.

· The higher the cost of capital or physical holding costs, the higher H is, and the lower EOQ is.

· The impact of the marginal unit cost c is only manifested through its impact on financial holding costs.

· To reduce inventories, reduce the fixed cost S.

Mass Customization at Hewlett-Packard: The Power of Postponement

Predicament facing companies in mass markets is how to fill demand as quickly as possible while delivering highly customized products, i.e. effective mass-customization

Key to mass-customizing effectively is to postpone the task of differentiating product until the latest possible point in the supply network (the supply, manufacturing, and distribution chain)

· Instead of piece-meal approach, companies must rethink and integrate product design, manufacturing, and distribution, as well as the material supply network.

Three Organizational Design principles form building blocks of Mass Customization

1. Products should have modular designs that can be assembled into different forms of the product cheaply and easily.

2. Manufacturing processes should also be designed modularly so they can be moved or rearranged easily to support different manufacturing-network designs.

3. The supply network should be designed to:

· Supply the basic materials to the customization facilities in a cost-effective manner

· Have the flexibility and responsiveness to take individuals’ custom orders and deliver the order quickly

Modular Product Design
This separates a product into sub-assemblies, some which other products share, as well as unique parts.

3 primary benefits:

1. Maximize number of shared components, and place this early in the production process to delay customization

2. Allows for separate manufacturing schedules for each component

3. Improves ability to diagnose and isolate production and quality problems

Examples: 

1. HP implemented a universal power supply in its LaserJet printers. This improved flexibility, allowing for improved ability to handle unexpected supply-demand imbalances across regions, saving 5%.

2. European DeskJets are customized at the distribution center instead of the factory, saving 25%

Key HP Learnings:

· Standardization may increase costs, so careful cost-benefit analysis must be done

· Value of common components depends of uncertainty of demand across geographies, lead time to replenish parts, product life-cycle, stock-out costs, and shipping costs. As these increase, so do the benefits of standardization. The exception is life-cycle: Shorter life cycles increase uncertainty since desired feature sets are harder to predict at beginning and end of life-cycle. Therefore, a shorter life-cycle benefits more from standardization

Requires coordination between multiple groups, which can be difficult given varying performance measures and objectives

· Marketing must determine demand for various features

· R & D must design effectively

· Manufacturing and Distribution must design supply and distribution networks

· Finance must provide activity-based costing information

Modular Process Design

Three principles

1. Process postponement: Instead of making all choices, paint factories produce a few standard colors, and hardware stores only make final paint color when requested by customers. Provides unlimited color choices while reducing inventory

2. Process resequencing: Benetton switched process from dying material and then making sweaters, to the reverse. Saved millions in obsolete inventory by only dying when an order was received or demand forecasts improved.

3. Process standardization: HP created and consolidated standard tests for disk drives and moved them to the front of the manufacturing process, which allowed them to better meet the constantly changing demand. 

Agile Supply Networks

Must balance cost improvement of centralized distribution with service enhancement of decentralized networks. 

Companies receive little benefit for multiple distribution centers world-wide if all they do is warehouse and distribute. However, this changes if they also perform final local market customization upon receipt of customer orders. This enables companies to conform to local-content rules and shorten lead-times. In general, this allows for economies of scale at a few large global manufacturing centers, as well as local-market manufacturing capability.

· Ex. HP’s desktop computers are assembled modularly, allowing for delivery of a highly customized product more quickly and cheaply than the competition. 
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