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Foreword

William T. “Bill” Walker has spent his entire business career designing, building, and
managing supply chains for Hewlett-Packard, Agilent, Siemens, and most recently
StarTrak. His experience shows in his latest book, Supply Chain Construction: The
Basics for Networking the Flow of Material, Information, and Cash. As readers will
see, Bill writes from firsthand knowledge of what works and what pitfalls to avoid.

Readers should be prepared to concentrate when reading this book. It will not
only inform, it will also challenge you; it is not a collection of warm and fuzzy
thoughts that sound nice but leave much to the imagination. Bill provides a logi-
cal approach to supply chain construction and illuminates the progression with
comprehensive, nontrivial examples and illustrations. He blends words, stories, and
diagrams that explain the concepts clearly and concisely.

The book can be of value both to readers who want to start a business and
to those who are working in existing companies and who recognize the need or
opportunity to improve their already existing supply chains. A look at the Table of
Contents shows the chapters are arranged in a logical sequence. While each chap-
ter can stand alone, together they provide a holistic look at the myriad activities
required to build effective, and efficient, supply chains.

After introducing the basic blueprint, Bill explains that supply chain success
depends on building relationships with customers and suppliers—relationships
that foster collaboration among supply chain partners to ensure the success of all
participants. Supply chains involve multiple, and sometimes disparate, entities that
must be brought together into a cohesive, compatible enterprise. Too often, supply
chain disruptions result from fragile or ill-advised relationships.

After explaining the need for building relationships, Bill stresses the need for
maintaining a positive cash flow. This is especially important for start-ups or small
businesses that sometimes try to expand faster than their resources can support.
A positive cash flow is essential for a business to survive. Of course, profits are
also important, and the book shows that building a profitable business starts with
understanding the customer and developing products that meet the needs of the
marketplace, in both performance and pricing.
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The book approaches supply chain construction from the perspective of
two primary tasks: building the network container—the supply chain frame-
work—and filling it with product contents. Chapters 5, 6, 7, and 8 on “Make,”
“Source,” “Deliver,” and “Return,” respectively, address how to construct the net-
work container. Chapters 9, 10, 11, and 12 on “Demand Planning,” “Inventory
Management,” “Performance Measures,” and “Risk Management” address how to
fill the network container with its product contents.

I have known Bill for a number of years and have learned to respect what he
says. He is direct, succinct, and cruthful. He is also extremely knowledgeable about
supply chains and their management, as I am sure the readers will find out as they
explore the contents of this book.

Richard E. Crandall, PhD, CSCP
Appalachian State University



Preface

People ask why I'm so passionate about supply chains. My answer is really exem-
plified by the life experiences of my students. Upon graduation, my students have
followed one of five career paths:

1. Joe became an entrepreneur and helped launch Sollega, a company providing
solar panel racking solutions. My courses raised awareness that every entre-
preneur has to develop and operate a supply chain as part of his or her busi-
ness plan.

2. Sui went to work for his parents’ company, becoming the general manager of
Wood Flooring by Design. My courses provided the tools to explicitly iden-
tify the current supply chain and improve its competitiveness.

3. Elizmar went to work for Corporate America to become an operations analyst
at FreshDirect. My courses provided a methodology to integrate processes
for material, information, and cash flows across functional and geographical
boundaries.

4. Talha went on to PhD studies in supply chain management at Northeastern
University. My courses stimulated his desire to learn more and to contribute
to the growing body of knowledge in our field.

5. Silvy chose an unrelated professional life in public relations and communi-
cations. My courses raised awareness that supply chains are found in every
aspect of our lives.

The primary purpose of this book is to teach those unskilled in the art the
basics of how to construct a new supply chain from scratch and begin its
operation successfully. A secondary purpose of this book is to teach those
with some practical business experience the basics of how to successfully
modify an existing supply chain and continue its operation competitively.
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How This Book Is Organized

Supply Chain Construction is organized in the following manner. The first 10 chap-
ters teach how to make a supply chain work from the ground up. It answers the
basic questions of where to start, what to do, and how to do it to build the network
container and to fill it with product contents. Each new concept is discussed three
times: once in its relevant chapter, once in a very detailed forward network con-
struction example found in Chapter 2: “The Blueprint,” and once in a very detailed
reverse network construction example found in Chapter 8: “Return.” The applica-
tion of information technology is considered within each chapter rather than being
consolidated into a separate chapter. This is because Supply Chain Construction takes
a principles-based basic approach. While modern information technology applica-
tions demonstrate a rate of change at a dizzying pace, these principles remain the
principles. The last two chapters explore the diagnostics necessary to bring a new
supply chain online and the discipline of risk management to keep the new supply
chain viable.

Make It Work

B Chapter 1: Eight Steps
How to understand customer requirements, how to write the Supply
Chain Construction Requirements Specification, and how to get started on a
supply chain construction project.
B Chapter 2: The Blueprint
How to construct a forward supply chain. Includes a detailed step-by-step
example of how to apply the Supply Chain Construction Blueprint to build a
forward supply chain.

Chapters 3 through 8 Detail Constructing
the Network Container

B Chapter 3: Building Relationships
How to build trusting relationships and collaboration in the midst of
change.
B Chapter 4: Cash Flow
How to determine end-to-end product pricing/landed cost and how to
maintain cash flow during a supply chain construction project.
B Chapter 5: Make
How to select the best factory and midbound logistics to meet supply
chain requirements.
B Chapter 6: Source
How to select the best suppliers and inbound logistics to meet supply
chain requirements.
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B Chapter 7: Deliver
How to select the best distributor and outbound logistics to meet supply
chain requirements.
B Chapter 8: Return
How to construct a reverse supply chain. Includes a detailed step-by-step
example of how to apply the Supply Chain Construction Blueprint to build a
reverse supply chain.

Chapters 9 and 10 Detail Filling the Network
Container with Its Product Contents

B Chapter 9: Demand Planning
How to forecast demand and fulfill customer orders.
B Chapter 10: Inventory Management
How to determine the inventory investment, how to place inventory with
appropriate lot sizing, reorder points, and safety stock, and how to determine
end-to-end inventory turns.

Make It Work Well

Chapter 11 is dedicated to making the supply chain work well. It uses a basic set of
performance measures and diagnostics to tune up the new or the modified supply
chain for peak performance.

B Chapter 11: Performance Measures
How to measure, diagnose, and validate a supply chain the performs as
expected. Includes an Appendix on how to use Excel to plot the Value Circle.

Make It Work in a Flexible and Risk-Tolerant Manner

Chapter 12 is dedicated to making the supply chain work in a flexible and risk-
tolerant manner. It separates what can be controlled from what cannot be con-
trolled with strategies to manage risk.

B Chapter 12: Risk Management
How to address supply chain risk under extreme operating conditions.

Special Features in This Book

This work, Supply Chain Construction, follows the format of my earlier work, Supply
Chain Architecture. The storyline is a special feature of this format. The storyline
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does more than set up each chapter for the reader; it also engages the reader with
the intrapersonal and interpersonal conflicts that are typical in a supply chain con-
struction project.

The storyline is contiguous from chapter to chapter; it can be read piecemeal
or all at once. The storyline and case studies in this book are composites of per-
sonal experiences based on more than 40 years of working as a practitioner. In
addition to straight text, Supply Chain Construction contains The Blueprint, logical
sequences, bullet lists, checklists, 53 figures, 100 formulas, and 103 tables with
detailed numerical examples and a reference bibliography.

William T. Walker, CFPIM, CIRM, CSCP

Practitioner and Author
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Chapter 1
Eight Steps

Every successful supply chain construction project follows a process that builds to
a blueprint. This chapter begins the journey with an explanation of the Eight-Step
Process to a successful supply chain construction project. The project might be
to build a new supply chain or to modify an existing one. The project might be a
forward supply chain that manufactures and distributes products to markets or a
reverse supply chain that accumulates product from the field for remanufacturing
and recycling. No matter, the Eight-Step Process described in this chapter and
the Supply Chain Construction Blueprint detailed throughout this book covers all
such projects.

Prologue

“Is this all you can give me? I see just another lousy quarter of declining sales and
missed profit targets,” Steve, the young capable president of the Power Products
Division, stared at his staff across the boardroom table in the Barnegat Room. Each
conference room had been named after a state park.

Alice, the vice president (VP) of Finance, started to explain certain underlying
assumptions, “Look, the economy has been particularly bad, especially in Europe,
and we expect...”

Steve cut her off, “Alice, with all due respect, Finance cannot fix the problem.
Engineering and Marketing has got to come up with new products and new mar-
kets, soon!”

This division of a larger corporation was looking to rejuvenate its stalled rev-
enue growth. The Power Products Division had been an independent east coast
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manufacturer of power supplies before being acquired by the west coast electron-
ics giant. The Power Products business was a tough business. Their precision,
computer-controlled power supplies were designed, marketed, manufactured, and
distributed from a single location. Competition was plentiful, especially interna-
tionally. Some markets appeared to be saturated. Old, previously loyal customers
said that they did not need such exotic specifications, and they certainly could not
afford such high prices.

Just then Jerry, VP of Marketing, walked into the meeting and took his seat.

“You're late, as usual!” snapped Steve.

Jerry was new to the division and destined to move onward and upward. He
viewed this position as a stepping stone to greater achievement. This hotshot mar-
keter said, “Oh, hi, Steve. My team just completed our review of an exciting new
market opportunity. Let me tell you about it.”

The others around the table were relieved to take a break from Steve’s tirade.
Besides, maybe Jerry really had some new opportunity.

“Remember how we learned last quarter that our sister division, Computer
Products, is planning to launch a new family of midmarket computer servers to
complement the big mainframes? My team thinks there’s a unique opportunity for
our division to piggyback on this initiative.”

Herb, VP of Engineering, interjected, “The last time we tried to sell our power
supplies through the Computer Products Division, it was a disaster. In spite of all
our investment, our manufacturing could never achieve their cost target. ...Been
there, done that!”

“If you would stop making your designs so darn complex, we could have had a
fighting chance in manufacturing,” said Tom, the VP of Manufacturing.

Jerry regained control of the meeting, “I'm not talking about power supplies.
Im talking about something new...uninterruptable power supplies, or UPS. This
is a device that provides battery backup, when the power line goes down. My team
thinks we should deliver a family of three products to match the three server sizes
being offered by Computer Products. Our UPS products would be sold to the same
set of customers buying the new Computer Products servers.”

“Maybe there’s something to be said for Jerry’s idea,” said Herb, aligning him-
self with Jerry. “You know my engineers are experts when it comes to power control
and even digital interfacing. We would only have to learn a little about battery
technology to pull this off.”

“Now you are talking!” replied Jerry. “My team thinks the UPS should tie
directly to the server. When the line voltage sags or is interrupted, the UPS could
trigger a graceful shutdown before the server loses all power. The UPS could sense
line voltage recovery and trigger the server to restart in the right sequence.”

“How would we sell such a product?” asked Steve. “Our Instrument Sales Force
sells to engineers; it does not call on the same set of customers as does the Computer
Products Sales Force.”
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“Yes, that will be a challenge to be overcome,” responded Jerry.

“Manufacturing cost is another significant challenge to overcome,” said Tom,
determined to make his point heard above the increasing enthusiasm for Jerry’s pet
project.

Once again, Jerry headed off the objection, “Oh, we wouldn’t manufacture
here. As you said before, Tom, it’s too expensive. We would use a contract manu-
facturer probably in another country.”

“We would have to work carefully through the financial implications of that
decision,” said Alice.

Up until now George, the VP of Quality, had listened intently to Jerry’s
remarks. George was a deep thinker with considerable business experience in sev-
eral functional areas while at previous employers. But he was not well understood
by the others in this leadership circle. “While we are listing critical success factors,
there are a couple of others to consider,” began George.

“What'’s that?” asked Jerry.

“First, 'm concerned that I'm not hearing much in your plan in the way of what
customers want. The conversation so far seems to center around what the technol-
ogy can provide.”

“Yes, and what else?”

“To be successful, our approach to entering a new business segment needs to
follow a process,” explained George. “We need to agree on an objective that pro-
vides value to our customer. And we need to select a project team, and then hold
them to a timeline and a budget.”

“And, I suppose you just happen to have such a process?” remarked Jerry.

“In fact, I know someone who does.”

“We don’t have a budget for any such project,” Alice interjected.

“Yes, and my engineers are all committed to other ongoing projects,” said
Herb.

“Before getting all tied up in knots, let’s discuss our objective,” said Steve.
“Ilike Jerry’s entrepreneurial spirit in suggesting that we move into a different prod-
uct area in a different market. We have certainly beaten our heads against the wall
in the power supply market for years and years. I like Herb’s thought that, from a
product perspective, our technology investment would be mostly around battery
technology. 'm concerned that Jerry and his Sales Team have never sold into this
new market segment. I'm concerned that if we decide to outsource manufacturing
to meet a cost target, then what does that mean for our employees here? Alice is
right that we don’t have any budget today, but that’s where Corporate might be
able to help. And, George has a point about needing good project management to
achieve a quality outcome. But what is our real objective?”

Each of the vice presidents remained silent in thought about their own func-
tional areas of responsibility and about their own career ramifications of success or
failure.
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“We need to get our revenue line back on track to meet Corporate’s profitabil-
ity target. Otherwise, none of us will have jobs six months from now. I don’t like
the undercurrent of squabbling at this meeting, but I recognize that each of you is
concerned about your future. So are our employees; let’s not forget that. The only
way out of this downturn is to pull together as a team,” continued Steve. “When
we know a little more, our objective can be turned into a performance specification
for a new business.”

“OK. Let me take a stab at a bold objective,” replied Jerry, since it was his idea
from the start. “Our objective is to introduce a family of UPS products to be sold
with servers from the Computer Product Division to customers throughout the
United States before the end of next year.”

“But we don’t have a product!” said Herb.

“But we don’t know if we can be competitive in manufacturing!” said Tom.

“But we don’t have extra cash to invest!” said Alice.

“Yes, yes, and yes. Is there anything else this team thinks we will need?” asked
Steve.

Once again, George spoke from experience, “Yes, there is one more thing. We
will need a new supply chain to deliver our new products to our new set of custom-
ers. This supply chain is the bridge between the customer needs of a market seg-
ment and the value-added of a product. If we can’t connect the two, then we have
a show stopper.”

Name Your Supply Chain Scenario

All too often, entrepreneurs start their new businesses unaware of the need for
a supply chain network design. All too often, large companies are acquired and
their product lines merged with no regard for supply chain network integration
and rationalization. All too often, mature products die with the birth of the next
product generation, and supply chain networks are abandoned, when companies
divest with complete disregard of the need for customer support and environmental
sustainability.

Goods and services supply chains touch every aspect of our lives. Competing
supply chain networks are everywhere, from the supermarket checkout counter at
Pathmark to the FedEx delivery of an Apple iPad to the more subtle restocking
of $20 bills in a Bank of America ATM to the automotive maintenance service
performed at Jiffy Lube. In our increasingly complex global society, engineering
undergraduate and graduate students, executive MBAs, project managers, factory
teams, distributors, architects, construction bosses, service bureaus, business execu-
tives, and small business entrepreneurs the world over need to understand the con-
struction of supply chain networks to perform competent work.

All supply chains operate within a life cycle context. A life cycle includes
the elapsed time of four phases: conception, growth, maturity, and decline. Your
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business scenario may be dominated by a market life cycle, a product life cycle,
or a business life cycle. For example, the introduction of a new product line may
necessitate building a new supply chain network to reach a new market segment.
Or, competitive market pressures in a business causes the realization that the
current approach is no longer viable. Or, the onset of process maturity in a busi-
ness causes the realization that the business needs to compete as a supply chain.
Whatever is the dominant life cycle reason when you are reading this book, your
supply chain construction project will fall into one of four possible scenarios:

B Building a new supply chain from scratch—Whether you know it or not, every
business has some kind of supply chain. This fact is often overlooked by entre-
preneurs. This book explains everything you need to know when you build
your first supply chain from scratch.

B Expanding the products and/or the network in an existing supply chain—New
product introductions plus company mergers and acquisitions are just two
common causes to expand your supply chain. This book tells you how to do
it effectively and efficiently.

B Contracting the products andfor the network in an existing supply chain—
Winning combinations of products and market segments change over time.
Sometimes, businesses shrink. This book details how to resize your supply
chain to meet the requirements of your business.

B Ending and disassembling an old supply chain—Over time, products become
obsolete, suppliers go out of business, and markets are abandoned. This book
explains why the termination of a supply chain should be carefully planned
and executed especially for the sake of the human resources and environmen-
tal sustainability.

In today’s world, professionals are driven to grow revenue, add products,
add services, cut costs, grow profits, avoid risk, shrink inventory, accelerate cash
flow, improve investment returns, and generally do much more with much less.
Entrepreneurs start new businesses. Midlevel professionals face the challenge of
implementing mergers and reorganizations. Business owners on the verge of a disas-
ter, self-inflicted or natural, have little choice but to rebuild from the ruins. Supply
chain construction is the common thread through each of these stories. Consider
the following three typical examples.

An Entrepreneur Starts a New Business

An entrepreneur decides to open a pastry shop and on-site bakery. She rents 2,400
square feet of space on the corner of a busy intersection with a bus stop for New
York City. This corner shop has large street-level windows, where people walking
by can see the baked goods being made and can read the signage. While all the
people who pass by the shop each week represent a market, only a segment of this
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market is interested in baked goods. Specifically, people getting on the bus each
morning would like to purchase something for their 45-minute ride into the city.
These folks need to be able to come into the pastry shop to make a quick purchase
just before their bus arrives. They do not want to fuss with a lot of coin change.
The entrepreneur decides to limit her baked goods to just three kinds of pastries
each to be sold for an even $3. She makes sure two employees are scheduled to
work the cash register during the morning rush. As time goes by, the entreprenecur
plans to add new pastries at the same price and drop old pastries to keep her prod-
uct offering fresh.

Later in the day, shoppers like to come into the pastry shop for a little
refreshment. This is a different market segment that wants to be served and is
willing to wait a couple of minutes for one of the shop’s employees to serve them.
They want to get off their feet by sitting at the small round tables; they want to
relax by watching the world go by through the large windows. It is important
that the signage meant to attract the bus crowd does not obscure the view of
the shopping crowd. Otherwise, there will be a channel conflict. The shopping
crowd appreciates reading sales blurbs from other local merchants. They need
something to drink for a dollar. The entrepreneur understands that she cannot
compete directly with the Starbucks down the street; she decides to offer a lem-
onade drink.

The entreprencur’s supply chain network consists of the retail store to deliver
product with an attached bakery to make the product. The flour, butter, and other
essential ingredients are sourced from local wholesale outlets. Two-day-old goods
are donated to a local food bank. Garbage and trash are recycled weekly through a
municipal contract.

The product delivered consists of the three types of $3 baked goods and the $1
lemonade drink. The pastry chef, who starts work at 4 a.m., must have storage space
for enough inventory of raw materials to bake a day’s worth of finished goods. The
baked goods are stored in plain view of customers under a heat lamp. Some inven-
tory is given to a food bank after the second day without a sale.

Sales revenue equals the sales volume times the price per product. The sales rev-
enue must be large enough to cover the cost of goods sold (COGS), plus employee
wages, plus the storefront rental, plus the loan for baking equipment, plus garbage
pickup fees, plus all taxes, plus a small profit for the owner. If the pastry shop is
open 50 weeks a year 6 days a week, and if the business needs to generate $300,000
per year to stay viable, then the business needs to attract an average of 250 $4 sales
per day. This is a throughput of 75,000 pastries per year. The cost structure and
throughput of the supply chain network must be able to support these require-
ments. Otherwise, the product, the supply chain network, and the market segment
are mismatched.

Starting a new business takes an investment. The entrepreneur needs to know
how much cash is needed up front and what to expect in regular cash flow. This
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is exceedingly hard to do without a plan and good record keeping. When the entre-
preneur gets around to looking at the books a week after the store has opened, she is
shocked by the state of her finances. At the end of the first week, she has purchased
$7,500 in materials and $11,000 in equipment; she owes $1,200 in rent and $1,300
in wages. Daily cash register receipts for the first week were $300, $620, $440,
$100, and $700, for a total gross weekly revenue of $2,160. Her receipts do not
begin to cover her expenses, and her cash gap is growing. The supply chain relation-
ships with suppliers, customers, employees, and the owner will need to be quickly
stabilized to achieve a sustainable business.

A Business Merger Jeopardizes the Operating Model

A small, highly successful custom jewelry manufacturer is looking to expand.
Clients schedule a time to bring their necklaces and bracelets to a dozen retail
stores in the tri-state area. Artists work in-person with the customer to design a
personalized customization and jewelers perform the intricate work to modify each
piece. As a side benefit, the customer may borrow a piece of “equivalent” high-end
costume jewelry during the time their piece is being crafted. Once completed, the
customized piece is appraised at the store, and the customer has the option of pur-
chasing insurance at the time of delivery. The customers love to brag about their
one-of-a-kind jewelry creations. Such word-of-mouth advertisement has helped to
grow the business, and this has drawn the attention of a national department store
chain.

The large department store chain wants to offer their customers a jewelry
customization service through a merger with the small manufacturer. The
department store operates a jewelry department in each of its 600 stores nation-
wide. The department store envisions its customers choosing a design from a
catalog and shipping their jewelry overnight to the factory. Once modified, the
jewelry would be returned, and the customer would be notified to make their
pickup at the department store. If the premise of such a merger is accepted, it
would completely change the culture of the current business model. Table 1.1
compares the envisioned “to-be” operating model with the current “as-is” oper-
ating model.

There is considerable risk in such a merger. A 50x rapid growth in throughput
is unrealistic because of resource constraints, cash flow constraints, and the time
it will take to hire additional skilled jewelers. Key question number one is, “What
is the cash constrained rate of growth the custom jewelry manufacturer can sus-
tain?” Key question number two is, “After the novelty wears off, what is the aver-
age demand and seasonality that the 600 national department stores will generate
month after month?” A more practical supply chain construction plan would be
to run a pilot with the 10 closest department store locations. When the pilot has
proven successful, split the remaining department store locations into six to eight
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Table 1.1 “As-Is” to “To-Be” Operating Model Comparison
Operation The “As-Is” Business The “To-Be” Business
Send The customer brings The customer brings jewelry to
jewelry to one of adozen | one of 600 national department
local jewelry stores. stores.
Customize | An artist works one on The customer picks a design from
one with the customer. a catalog.
The jeweler customizes The jeweler customizes the piece
the piece. according to a standard plan.
Artists are needed only to create
the catalog.
Many more jewelers are needed to
handle the volume of throughput.
Deliver Costume jewelry is Appraisal and insurance services
services loaned to the customer. are eliminated.
The one-of-a-kind
jewelry is appraised and
insured at delivery.
Return The customer comes to The customer comes to the
the jewelry store for department store for pickup.
pickup.

implementation phases. Then implement the network expansion a phase at a time
over a period of two years.

An Established Manufacturer Depends
Too Much on One Customer

An electronics contract manufacturer, who has been in business for 25 years,
needs to improve his cash flow. His business currently has an annual revenue of
$6,000,000. However, his largest customer is 50% of the business, or $3,000,000.
This represents a high risk should this customer ever decide to move on or become
dissatisfied with the manufacturer’s performance.

The contract manufacturer asks his Sales Department to break out the sales,
his Finance Department to break out the cost of goods sold (COGS), and his
Materials Department to break out customer-specific inventory for the largest cus-
tomer. From this, the owner learns that his largest customer drives $1,850,000 of
$3,850,400 in COGS, or 48%. The largest customer is responsible for $835,000
of the $1,540,000 in inventory, or 54.2%. The largest customer provides $90,000
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of the annual $145,000 in net profit for the business, or 62.1%. Without additional
customer diversification, the contract manufacturer is driven by the whim of this
one customer.

The contract manufacturer has significant debt and thin margins from which
to pay off his debt. Since he owns the building outright, he realizes that his debt
is mostly financing inventory and accounts receivable. His largest customer runs a
high mix business. This customer is always pushing for more inventory to improve
delivery performance across the mix. Frankly, the forecast information that the
contract manufacturer receives is nearly worthless. His inventory has grown so
large that he only gets about 2.5 turns per year. The fact that this customer takes
45 days to pay just compounds the situation. The hand-to-mouth cash flow to refi-
nance inventory is a constant drag on the business.

Yesterday, his largest customer asked to have a private meeting. He was told
that the customer was moving its business to a first-tier electronics manufacturing
services (EMS) company within the next three months. This decision was driven by
the customer’s need for lower costs and a higher level of manufacturing engineering
services. A contract had already been signed with the new EMS. He was told that
arrangements would be made to buy and transfer the inventory. He was wished
“good luck” in his future endeavors. The owner suddenly faced the stark reality
that while he would recoup most of his inventory investment, half of his production
employees would lose their jobs in three months.

Let’s Get Started

As you begin to read this book, you probably have a cup of coffee or tea at hand.
The cup is a kind of container. The coffee or tea is a kind of contents. You could
have selected a glass or a mug container to be filled with water or soda as contents,
but you selected a cup and filled it with coffee or tea. Likewise, a supply chain has
two parts: a container and some contents. The container is the supply chain net-
work, and the contents are the products held within the container.

Supply chain construction is completed in two phases. The first phase is to
build the network container according to The Blueprint. The first phase follows
from a network design. The second phase fills the network container with product
contents, or inventory, from which deliveries are made to customers. The second
phase follows from an operations strategy.

Your customer always comes first. To get started, you should have a clear pic-
ture of who you expect to be your customer. Your customer is part of a market seg-
ment having common product needs, common pricing expectations, and common
delivery expectations. You have to alert potential customers that you have such a
product and/or service for sale that they might want to buy. You have to decide
exactly how your supply chain network will deliver the product to the market
segment.
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Complete This Eight-Step Approach

When you set out to accomplish something, you need a plan. You might call this
your “plan A”. As you progress along the journey, your understanding will change,
your assumptions will change, and your resources will change. At some point, you
may decide that plan A will just not accomplish the objective. So you dream up
“plan B” or “plan C”...or “plan K.” Whether you are new to the concept of supply
chains or a seasoned business professional, the project approach and The Blueprint
presented in this book will teach you how to be successful building a new supply
chain or modifying an existing one.

Build and Validate Layer by Layer

How do you go about constructing a supply chain network to connect your market
with your product? An important lesson that I learned in the 1970s as an analog
hardware design engineer at Hewlett-Packard (HP) is the methodology of developing
a solution in layers and then validating the performance of each layer through mea-
surement. When a layer is not performing to specification, diagnostics are applied to
identify and fix the problem. But it is often the case that the plan A solution is just
not capable of the desired performance. Under such circumstances, the project team
iterates back through earlier decision points until evolving a workable plan B.

The first layer included a specification, a block diagram, and an incomplete list of
expensive components. A crude estimate of the cost per feature was judged against a
competitive cost target. If this incomplete cost rollup already exceeded the target, the
design approach taken in the block diagram had to be abandoned. The second layer
involved the development of a complete schematic and parts list for the product. A
total cost was computed, and an estimate of the product’s reliability was calculated
from an analysis of parts count commodity by commodity. The third layer involved
the layout of a printed circuit assembly. Prototypes were constructed or simulated by
computer, and the feature performance of the circuit was measured. Additionally,
worst-case tolerance analysis and statistical analysis of published specifications were
performed. A revised total cost that now included the expensive multilayer printed
circuit board was computed. The fourth layer evaluated the dynamic performance of
the design, looking for large signal distortions and possible oscillation triggers. Often,
additional components had to be added to the design to dampen oscillations; again,
there was a total cost impact. The fifth layer involved the mechanical packaging and
thermal design of the product. The enclosure usually consisted of sheet metal and
plastic wrapped around the printed circuit assembly. Heat sinks and fans were added,
with great emphasis on making measurements to validate that the worst-case temper-
ature rise on certain critical components did not exceed some limit. Enclosures, heat
sinks, and fans were high-cost additions to the total cost. When these components
were not included in earliest cost estimates, the total cost by the fifth layer sometimes
made the product design unworkable. Again, a design iteration was required. The
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final layer involved third-party evaluation and validation of the product design under
extreme environmental conditions. Prototypes were tested against shock, vibration,
ambient temperature extremes, humidity, electrostatic discharge, plus conducted and
radiated electromagnetic interference. When a product failed its environmental test-
ing, some portion of the product design had to be reworked along with the cost
implication of the solution. In the end, a go/no go competitive cost measure was
considered for every layer, while other measures, like distortion and temperature rise,
were layer specific.

The methodology of layering to a complete solution is fully applicable to supply
chain construction. This book takes a three layer approach.

B Layer 1: Make it work—Your supply chain construction project formally
begins with a written requirements specification. Follow The Blueprint to
pull together the margin targets; the SOURCE, MAKE, DELIVER, and
RETURN relationships; and the forecasts and inventory management to just
make the supply chain work. Measures of throughput capacity, price/landed
cost, and inventory turns dominate this layer.

B Layer 2: Make it work well—Optimize the processes, develop the relation-
ship trust, and deploy the measurements to bring your supply chain to peak
performance under normal operating conditions. Throughput diagnostics,
price/landed cost diagnostics, and inventory turns diagnostics are used to
tune performance in this layer.

B Layer 3: Make it work in a flexible, risk-tolerant manner—The supply chain
construction project formally ends with a validation of demonstrated net-
work performance. Know the extent to which your supply chain can respond
to abnormal conditions without breaking. Know its risk tolerance for events
outside your control that might sink the business. The liquidity of cash-to-
cash cycles dominates this layer.

The Eight-Step Approach

Supply chains are everywhere. Every business requires one, yet many people do not
think about their business in such terms. The primary purpose of this book is to
teach those unskilled in the art how to construct a new supply chain from scratch
and begin its operation successfully. The secondary purpose of this book is to teach
those with some practical business experience how to successfully modify an exist-
ing supply chain and continue operations competitively.

This book is organized for easy implementation of the Supply Chain Construc-
tion Blueprint (The Blueprint) within the context of a layered Eight-Step Approach
to be followed by the project team. Successful supply chain construction projects
follow this approach step by step to completion (see Table 1.2). Unsuccessful proj-
ects attempt steps out of sequence, fail to iterate steps on unachievable performance,
or just never end.
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Table 1.2 The Eight-Step Approach

Step Action Reference
1 Start the supply chain construction project Chapters 1 and 3;
with a focused objective connecting the Blueprint Step A

market and the product

2 Formally staff a project team document the Chapter 3; Blueprint
project timeframe and project budget Step B

3 Write the supply chain construction Chapters 1 and 11;
requirements specification (SCCRS) Blueprint Steps 1 and

11

4 Layer 1: make it work—construct the Chapters 2 and 4-8;
network container; iterate steps as necessary | Blueprint Steps 2-9

5 Layer 1: make it work—fill the network Chapters 2 and 8-10;
container with product contents; iterate Blueprint Steps 12-17

steps as necessary

6 Layer 2: make it work well —validate Chapter 11; Blueprint
performance, run diagnostics, fix or iterate Steps 10, 18, and 19
steps as necessary

7 Layer 3: make it work in a flexible, risk- Chapter 12; Blueprint
tolerant manner Step 20

8 Formally end the supply chain construction Chapters 3 and 11;
project Blueprint Step 19

An Important Note to the Reader about Enterprise
Resource Planning, Quality, and Sustainability

Some readers may feel that the technical details on information technology, qual-
ity, and sustainability as related to supply chain management are underrepresented
in this book. This book reflects lifelong learning about the practical application
of basic concepts. It is important to understand how my work experiences shaped
decisions on what to include in the book’s content.

The rate of change in enterprise resource planning (ERP) application software
and information technology, in general, eclipses the rate of change in writing and
publishing books. Basic concepts are valid for long periods of time; technology
specifics are not. Yet, at the same time, information technology is the great enabler
that ties the various supply chain trading partners together. I participated on large
ERP implementation teams within huge corporate settings for a conversion to
Oracle at HP and for a conversion to SAP at Siemens Building Technologies. I also
participated on a never completed Consona ERP implementation project within a
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very small company setting at StarTrak Information Technologies, LLC. This ERP
implementation project was never completed because StarTrak was bought out; the
ERP project was not an investment priority for the new owner. In my experience,
these ERP applications encapsulated business rules, process flows, and operations
data very well, but they obscured the end-to-end transparency of how the business
was run. Once the ERP application was in place, functional training aside, it was
difficult for employees to understand how and why the supply chain dots had been
connected.

This book takes the approach that it is necessary to understand the basics of
what is going on under the covers, to be followed later by layering on the most
appropriate, most modern information technology system available at the time.
Each chapter in this book discusses the role of connected information, but the book
does not detail specific commercially available information technology products.
Just to make my point, a technical explanation of the following sampling of recent
advances in information technology would require its own book but would do little
to explain the construction of a supply chain.

B Virtual private networks with remote login—These give geographically distant
employees and external trading partners, having proper password protection
and role rights, access to the ERP application and its data.

B Client-server architecture—An application software master resides on the
server with client personal computers licensed to download copies of the pro-
gram such as Microsoft Office. Software upgrades need only be applied once
to the master.

B WMS, TMS, APS, SCM, SRM, CRM—Warehouse management system,
transportation management system, advanced planning and scheduling,
supply chain management, supplier relationship management, and customer
relationship management are all specialized software applications that bolt-
on to enhance ERD.

B Data warehousing—This is the ability to share dissimilar data elements
through a report writer across different functional areas, geographical regions,
and time periods.

B Web portals—These are websites that provide seller/buyer information
exchange interfaces between trading partners; also used for the purpose of
electronic auctions.

B Cloud computing pay per use—This is used when you cannot afford your own
hardware and software systems and are willing to risk placing all your private
business data into the hands of a third party.

B Social media and mobile devices—These are instantaneous, but not neces-
sarily universal, 24 x 7 anywhere sense and respond access to information
networks.

B Big data—Act the time of this book’s publication, the definition and applica-
tion of the merits of big data were being debated.
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Quality is a business philosophy. HP embraced quality best practices. In my
experience, most of HP’s, Siemen’s, and StarTrak’s suppliers were ISO certified
and passed annual quality audits. StarIrak drove quality deep into its supply base
because its product had to endure extreme environmental conditions in the field.
Quality is about a product’s fitness for use. It is about repeatable conformance to
specification in a manufacturing process. It is about customer satisfaction in distri-
bution. It is about continuous process improvement. It is about the reduction of all
waste. These are certainly worthy attributes of a robust supply chain. This book is
very much about the reduction of waste in that following The Blueprint will enable
you to get your construction project done right the first time. Providing competi-
tive pricing and competitive delivery lead time are necessary but insufficient ele-
ments of customer satisfaction. Forecasting and planning network inventory and
cash flow properly and the decisions made around returns management are keys to
minimizing cumulative product and process waste. However, the specific technical
intricacies of quality product design and quality manufacturing process design are
outside the context of this book.

Finally, sustainability is both a business philosophy and a life philosophy.
Sustainability is about the choice of raw materials used in product design and in
its packaging for logistics design. Sustainability is about the carbon footprint for
source, make, deliver, and return processes in a supply chain. Sustainability is about
the relative emissions from the transportation mode selected for inbound, mid-
bound, and outbound logistics. Sustainability is about clean air and clean water.
Sustainability is about the environmentally responsible handling, recycling, and
disposal of product and process waste. Sustainability is about humane human
resource management. Sustainability was just coming onto the radar screens of HP,
Siemens, and StarTrak at the times that I worked for them; consequently, my work
experience with sustainability is limited. While this book lifts up decision points
where sustainability should enter into the equation, such as in trading partner selec-
tion, transportation mode selection, staff rightsizing, and material recycling, it is
light on exactly how to go about implementing sustainable products and processes.

Set a Focused Objective to Connect
the Market and Product

A supply chain connects the supply of a product and/or service with market
demand. The starting point for any supply chain construction is its context. You
will want to have a clear picture of what market segment is to be joined with what
product and/or service. One without the other is doomed to fail. If you build it
without serving a need, they will not come. If you identify a market need without
having a product solution, nothing will happen. Again, you should know both the
product and the market segment, both supply and demand. This book teaches you
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how to successfully connect the two together through a supply chain network. Let
us start by looking at the pastry shop example in more detail.

Market Demand

While your supply chain network may be designed and operated to deliver to sev-
eral different market segments, focus on one market segment at a time. Use the
following set of attributes to describe each one.

Name the market segment—Give each market segment a unique and descrip-
tive name: Example 1: The “Bus Commuter” market segment; Example 2:
The “Downtown Pedestrian Shopper” market segment.

Clearly state the customer need—You expect to be able to satisfy the same
need among all the potential customers in this market segment. It is helpful
to have some anecdotal evidence of this customer need. Example 1: All the
commuters getting on the bus want a little “pick-me-up” for their morning
commute. Example 2: The downtown pedestrian shoppers want some nour-
ishment plus a little break to get off their feet.

Define the pricing expectation—All potential customers in this market seg-
ment see your pricing similarly as a fair value. Example 1: The bus commuters
who come into the pastry shop are willing to spend $3 for a pastry and $1 for
a lemonade relative to spending $15/day on bus fare. Example 2: The down-
town shoppers who come into the pastry shop are willing to spend $3 for a
pastry and $1 for lemonade relative to spending $2 for two hours of parking.
Define the delivery expectation—All potential customers in this market seg-
ment consider your delivery lead time and delivery methods to be com-
petitive. Example 1: Bus commuters encounter two sales clerks and no coin
change, enabling them to make a quick, easy purchase and still get into the
bus queue. Example 2: Downtown pedestrian shoppers get timely service
while seated at a table.

Identify any temporal boundaries—Understand if any time or seasonality
boundaries drive this market segment. Example 1: Buses arrive and depart
at the stop between 7:30 a.m. and 11:15 a.m.; there are no afternoon buses.
Example 2: Downtown pedestrian shoppers avoid shopping in bad weather
but increase shopping during the holidays.

Set a geographical boundary—The geographical boundary is local, regional,
national, or international. This depends on the amount of resource you are
willing to spend building a distribution network. Example 1: The bus com-
muters are limited to riders of the bus service stopping at the corner. Example
2: The downtown pedestrian shoppers are limited to people who shop in the
surrounding four blocks of retail stores and are likely to walk past the pastry

shop.
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W [dentify any contextual demand-driven constraints—Determine realistic
demand population constraints in each market segment relative to its con-
text. Example 1: The bus commuters have their choice of five 40-passenger
buses a day traveling to New York City. Only a percentage of the 200 people
riding the bus will buy pastries on any given day. Word of mouth on the bus
about the product or service can quickly create or destroy sales. Example 2:
The pastry shop is located on a city block with other retail stores. It is located
two blocks from a parking garage with 150 parking slots. The downtown
pedestrian shoppers will most likely park in the garage to shop downtown.
Cars are parked in the garage an average of three hours. The parking garage
is empty by 4 p.m.

B Understand any regulatory market constraints—Markets have their own sets
of regulations, from requiring a license to do business to the documenta-
tion required for the collection of sales tax. Example 1: To eliminate making
change, pricing is set to an exact dollar amount after sales tax. Should the
state sales tax increase, the business will have to decide between taking less
profit or making small change. Example 2: The pastry shop is not licensed to
sell food from any outside tables.

Product Supply

Your supply chain transforms raw materials into the end products your customers
want at a competitive price and competitive delivery lead time. While your supply
chain network may be operated to produce many different products, focus on the
supply of your highest volume product family first. A product family is a group of
products, options, and accessories that are somehow related by common features or
by common raw materials. A product option adds or subtracts features to or from
the base product, for example, a high-power flash attachment for a camera. A prod-
uct accessory is a complementary product sold to supplement the base product, for
example, a carrying case for a camera. Use the following set of attributes to describe
each product family:

B Name the product family—Give each product family a unique and descriptive
name. Example: “Baked Goods” is the product family for the pastries.

B Clearly state the product and/or service value-added—The value-added of the prod-
uct should match the customer needs of the market segment. Product example:
baked fresh on-site, warm, affordable. Service example: attractive, clean seating,

B End-customer cost meets the market segment expectation—The product COGS
before logistics costs, before distribution costs, and before margins can only
be a fraction of the market expectation. Otherwise, the product solution is
not viable; it must be redefined and redesigned before a supply chain network
can be implemented. Example: A pastry cost of $1.75 for a pastry price of $3
works, while a pastry cost of $3.25 for a pastry price of $3 does not work.
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B [dentify unusual component life cycle supply issues—A product may be designed
using high volume components from another industry to reduce costs. But
such components may be near their end of life and become unavailable.
Example: The entrepreneur may benefit from a one-time discount sale on
butter and mistakenly costs her product based on that one-time discount.

B Know the product’s geographical boundaries—DPackaging, labeling, and reg-
ulatory requirements vary from country to country. A product developed
for North America may have issues preventing its sale in Europe or Asia.
Example: Depending upon the destination of each bus route, there may be
ethnic preferences in pastries.

B dentify any contextual supply-driven constraints—Determine if the through-
put of the product is somehow limited by a raw material constraint or a criti-
cal process capacity constraint. Example: Should the pastry chef leave the
business, there would be no product to sell.

B Understand any regulatory product constraints—Regulatory compliance
can impact product design in many ways, from the product surface area
required for labeling to import classification and export licensing to trans-
portation limits due to a hazardous material. Example: The pastry shop
displays prominent listings of the caloric content of its baked goods and a
notification of “no trans fats.” The business prominently displays its Board
of Health Certificate.

“Show Stoppers” in Connecting Market
Demand with Product Supply

Supply chain construction is all about connecting market demand with product
supply. In the pastry shop example, a single product supply is to be connected with
two different market segment demands. Baked Goods is to be connected with Bus
Commuters, and Baked Goods is to be connected with Pedestrian Shoppers. Each
demand channel needs to be built and operated separately. You will notice that
some of the demand attributes are matched directly with product attributes, while
the remaining demand attributes are matched with the design and operation of the
supply chain network.

B Customer needs (market) to match product value-added (product)—A mis-
match here is a show stopper because the business will never achieve its
intended throughput.

B Cost expectation (market) to match product pricing (product)—A mismatch
here is a show stopper because the business will never achieve its intended
profitability.

B Delivery expectation (market) to match the nerwork operation (network)—The
delivery expectation drives inventory investment, which largely determines
the cash requirement for the business.
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B Temporal boundary (market) to match the network operation (network)—The
temporal boundary is reflected in such considerations as freshness, seasonal-
ity, and lost opportunity for capacity utilization.

B Geographical boundary (market) to match the product design (product) and
network design and operation (network)—The geographical boundary is
reflected in the rate of expansion of the business. It is a common mistake to
attempt to supply too large of a geography with too little resource or with the
wrong product. The business growth slows because of country-specific regu-
latory hurdles, poor delivery, poor customer service, and poor understanding
of cultural preferences.

B Demand-driven contextual constraint (market undersized or saturated) to
match supply-driven contextual constraint (product raw material limit or criti-
cal capacity constraint)—A mismatch here will artificially limit the maxi-
mum throughput the business can achieve.

Write a Supply Chain Construction
Requirements Specification

Once company executives define a one-sentence project objective, staff the project
team, and set calendar time and budgetary limits, the work of the supply chain con-
struction project team can begin. The project team’s first task is to write the Supply
Chain Construction Requirements Specification (SCCRS). This greatly helps to
scope the project, provide focus, and engage the project team members and provide
a reference check for project results. When the requirements specification is miss-
ing, the construction project is doomed.

The Structure of the SCCRS
The SCCRS has three sections (see Table 1.3). The top section documents the

construction project objective. This comes mostly from a high-level executive
directive. The middle section documents the customer-driven and internally
focused specifications for the network container. The customer-driven speci-
fication is the competitive price/landed cost point for the end customer that
is greatly impacted by your choice of a factory and distributor. The bottom
section documents the customer-driven and internally focused specifications
for filling the network container with product contents. The customer-driven
specification is the competitive delivery lead time that is greatly impacted by
inventory placement. By the end of supply chain construction, the project team
has to validate acceptable ranges for each specification in their plan A solution.
Otherwise, earlier decisions must be revised with the construction details iter-

ated to plan B.
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Attribute

Description

Network type

Market segment

Product family

Project objective

1. Document the construction project objective

Specification

Value Dimensions

Validation

Customer focused

Price/landed cost

Other specifications

Internally focused

2. Build the network
container

[JAccept [JReject

Customer focused

Delivery lead time

Other specifications

Internally focused

3. Fill with product
contents

OAccept [JReject

Section 1 of Table 1.3 is completed for the pastry shop example, as follows:

B Network type—A forward supply chain.
Are you building a forward network, a forward network with a service
component, or a reverse network? Write separate requirement specifications
for forward and reverse networks.

B Market segment—Bus commuters, grab and go, until 11:15 a.m., exact dollar

amounts.

You need to be able to articulate the market segment being served and
understand the customer needs to be met. Document each delivery channel

separately.

B Product family—Baked goods: three kinds of $3 pastries with a $1 lemonade

drink.

Your supply chain may deliver multiple product families. When product

families manufactured by the same supply chain are matched with different
market segments, write separate requirement specifications for each market
segment.
B Project objective— “To construct a forward supply chain to deliver fresh pas-
tries, baked on-site, to bus commuters.”
Write the project objective as a complete sentence.
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How to Draw the Supply Chain Echelon Map

Writing a specification for the network container begins with a one-page Supply
Chain Echelon Map. This is a rough sketch of the relationships that will be neces-
sary to connect the material flow from the set of raw material suppliers required to
manufacture the product and on through distribution to reach the intended market
segment. The APICS Supply Chain Council’s Supply Chain Operations Reference
model, SCOR (http://www.apics.org/sites/apics-supply-chain-council), offers a set
of generic terms that neatly describe these network relationships: Source, Make,
Deliver, and Return. Each of these relationships is defined and described in detail
in this book in Chapter 5: “Make,” Chapter 6: “Source,” Chapter 7: “Deliver,”
and Chapter 8: “Return.” Returning once again to the pastry shop example, look
at Figure 1.1. The entrepreneur starts her Supply Chain Echelon Map by draw-
ing the three circles in row 1 for Source, Make, and Deliver. An echelon is an
independent business organization that buys upstream and sells downstream. In
row 2, she begins to name the supply chain relationships she will need for the
material flow to deliver pastries to her clientele. She realizes that she will make her
product at the bakery and deliver her product at the pastry shop. The bakery will
need a supply base for flour, butter, and all the other ingredients in her recipes.
After thinking about her supply chain a little more, the entrepreneur realizes that
there are two distinct delivery channels, as shown in row 3. One delivery channel
serves bus commuters at the counter, while the second delivery channel serves the

1. Generic supply chain relationships for a forward network

2. First pass Supply Chain Echelon Map for material flow

Echelon 5 | Echelon 4 | Echelon 3 | Echelon 2 | Echelon 1

R N LN L ey
aw : : Pastr

. L Suppliers Baker + Y | Customers
materials ! @ I U } shop !
1 1 | 1
! ! ! !

Echelon 4 Echelon3 ~ —eeee Echelon 2-------- Echelon 1

3. Second pass separates the delivery channels

and redefines the number of echelons Counter

service

Table
service
More than one

More than one

Figure 1.1 Supply Chain Echelon Map for the pastry shop and on-site bakery.
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downtown pedestrian shoppers at the tables. She also thinks that while it may be
a little more expensive, it will be much easier to start by buying all the ingredients
from a food wholesaler, like Costco. In row 3, the on-site bakery and the pastry
shop are included within echelon 2. This is because they are both in the same
physical building, and the entrepreneur does not plan to separate their accounting.

In drawing your Supply Chain Echelon Map, you will want to begin with
selecting a factory and a distributor because the costs associated with this pair
will most likely determine whether or not you can meet your end-customer price/
landed cost target. Second, determine the supply base, which is based on the set
of suppliers necessary to provide raw materials and component parts to the factory
for all the products you plan to make. Third, determine each delivery channel that
will connect your distributor with your end customer. Figure 1.2 is a generic supply

iMidbound!
logistics |

Inbound
logistics

Outbound
logistics

(c)
Echelon 6 Echelon 5 Echelon 4 Echelon 3 Echelon 2 Echelon 1

gg oot
(d)

Figure 1.2 Supply Chain Echelon Map for end-to-end material flow: (a) the fac-
tory and distributor; (b) the supply base; (c) the delivery channels; (d) material
flow. C = customer; D = distributor; F = factory; R = retailer; RM = raw material;
S = supplier.
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chain map of echelon by echelon material flow from raw materials to the end cus-
tomer. The echelons are numbered, starting with the end customer as echelon 1 and
numbering upstream. Notice how the upstream supply base and the downstream
delivery channels may be more or less complex depending upon your requirements.
Your supply chain may have a larger or smaller number of echelons.

Specifying the Network Container

The arrows on the Supply Chain Echelon Map represent material flow. The Raw
Material Supplier sells downstream to the SOURCE trading partner; the SOURCE
trading partner buys upstream from the Raw Material Supplier. The SOURCE
trading partner sells downstream to the MAKE trading partner; the MAKE trad-
ing partner buys upstream from the SOURCE trading partner. The MAKE trading
partner sells downstream to the DELIVER trading partner; the DELIVER trading
partner buys upstream from the MAKE trading partner. And the DELIVER trad-
ing partner sells downstream to the Customer; the Customer buys upstream from
the DELIVER trading partner. A trading partner is any independent organiza-
tion buying from an upstream echelon and selling to a downstream echelon, while
conducting the majority of its business within the network. In order for each of
these material flows to work, there must be complete closed-loop order-to-delivery

R o o o) N .
RM > S »( F »( D » R » C
SmS =

(a)

-y

e i, e O Bl

Network Shipping
constraint buffer

(b)

’_‘————-—-_

~ A _.:.
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Figure 1.3 Order-to-delivery network connections: (a) material flow; (b) order
information flow; (c) order-to-delivery cycles. C = customer; D = distributor; F =
factory; R = retailer; RM = raw material; S = supplier.
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connections all along the material flow path of the network container. Figure 1.3
shows the development of such order-to-delivery connections. Chapter 9: “Demand
Planning” explains in detail why and how the customer order is communicated first
to the shipping buffer and the network constraint before being rebroadcast from
the network constraint to the remainder of the network trading partners.

In order for each material flow to work, there must be complete closed-loop
invoice-to-cash connections all along the material flow path of the network con-
tainer. Payment for each purchase is triggered when the material is received at
the buyer’s location, and it can be matched with the buyer’s purchase order and
seller’s invoice. Figure 1.4 shows the development of such invoice-to-cash connec-
tions. Chapter 4: “Cash Flow” explains in detail the why and how of factory and
distributor cash flows.

Working from the Supply Chain Echelon Map, the specifications for the net-
work container include throughput, price/landed cost, and the cash-to-cash cycle.
Throughput is determined from a forecast of customer demand and the minimum
end-to-end network capacity. Price/landed cost is determined from the factory
rates and markup, distributor rates and markup, and logistics cost factors that each
add to or multiply the product’s direct material cost and direct labor cost. The

DR O=pEDEO=D

Figure 1.4 Invoice-to-cash network connections: (a) invoice information flow
with material receipt triggers; (b) cash payment flow; (c) invoice-to-cash cycles.
C = customer; D = distributor; F = factory; R = retailer; RM = raw material; S =
supplier.
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end-customer price/landed cost must fit the competitive situation within the mar-
ket segment. Cash-to-cash cycles depend upon network structure and the payment
terms associated with the factory and the distributor.

Table 1.4 adds the network container specification details to the middle section
of the SCCRS. Chapter 11: “Performance Measures” gives a detailed explanation
for each specification. Chapter 2: “The Blueprint” provides a complete detailed
numerical example for a forward supply chain network, and Chapter 8: “Return”
provides a complete detailed numerical example for a reverse supply chain network.

Table 1.4 SCCRS for the Network Container

Attribute Description

Network type [Forward network] or [with service component] or
[reverse network]

Market segment [Enter] or [switch] or [existing] or [exit]

Product family [New] or [rollover] or [existing] or [obsolete]

Project objective We are constructing a [network type] to connect this
[product family] supply with this [market segment]
demand.

Specification Value Dimensions Validation

Throughput Dollars per CAccept [JReject

month, or units
per month

Factory Velocity Days +/- [JAccept [JReject

Cash-to-cash cycle Variability +/- Days

Distributor Velocity Days +/- JAccept [JReject

Cash-to-cash cycle Variability +/- Days

Factory to distributor Dollars per unit | [JAccept [JReject

Price/landed cost

Distributor to store Dollars per unit JAccept [JReject

Price/landed cost

Customer focused Fill with product contents JAccept [JReject

Delivery lead time

Other specifications

Internally focused
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B 7hroughpur—This determines the top line revenue on your income statement.
B Cuash-to-cash cycle—This determines the cash you need from your balance
sheet to fund inventory.

Cash-to-cash velocity = Days of inventory + Days of receivables
- Days of payables (1.1)

Cash-to-cash variability = Days of variance in the cash-to-cash cycle
B Price/landed cost—This determines price competitiveness in the market.
Buyer’s Cost = Seller’s price + Logistics costs (1.2)

— Price/landed cost at the factory/distributor interface
— Price/landed cost at the supplier/factory interface
— Price/landed cost at the distributor/store interface

Specifying the Product Contents

Writing a specification for the product contents begins by splitting the end-to-end
supply chain network in two. The upstream portion, beginning with raw materials,
is called the push zone. The downstream portion ending with the end customer
is called the pull zone. The two zones connect at an inventory location called the
push/pull boundary (see Figure 1.5). Locating the push/pull boundary determines
both the delivery lead time seen by the end customer and the operating strategy
used to replenish inventory. A forecast drives inventory through the push zone into
the push/pull boundary. A customer order drives inventory out of the push/pull
boundary and through the pull zone.

B O PO

Push zone > A[ Pull zone >

Push/pull
boundary

Figure 1.5 The push zone and the pull zone. C = customer; D = distributor; F =
factory; R = retailer; RM = raw material; S = supplier.
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Production and inventory planning and control in the push zone are accom-
plished through the series of tools shown in Figure 1.6. APICS, the Association
for Operations Management (http://www.apics.org) certifies individuals in the use
of these tools. The Demand Forecast drives the Sales & Operation Plan (S&OP).
The S&OP drives the Distribution Requirements Plan (DRP). The DRP drives
the Master Production Schedule (MPS). The MPS drives both the Materials
Requirements Plan and the Capacity Requirement Plan. Product bills of mate-
rials (BOMs) and inventory balances are inputs used by all these tools. Chapter
9: “Demand Planning” covers how to forecast, while Chapter 10: “Inventory
Management” covers planning in the push zone.

Production and inventory planning and control in the pull zone are accomplished
by ensuring that the right mix of product can flow to the customer at a maximum
rate of throughput. The push zone must be capable of the maximum capacity and
have the maximum inventory levels preloaded before operations begin (see Figure
1.7). Inventory will turn only when demand for an item can be matched with supply.
Chapter 10: “Inventory Management” covers planning in the pull zone.

Working from the push/pull boundary, the specifications for the product con-
tents include inventory turns for the factory and the distributor, delivery lead time,
the planning horizon, and return on invested capital (ROIC) for the factory and
the distributor. Inventory turns are determined by the product-dependent place-
ment and quantity of inventory held throughout the network. Delivery lead time is
determined by the location of the push/pull boundary, which in turn is determined

Push planning tools

’MRP H MPS H DRP H S&OPH Forecast

CRP

’MRP H MPS H DRP H s&OPH Forecast F

Lo
u Push zone /L> [ Pull zone

Inventory Capacity Push/pull
boundary

Figure 1.6  Push planning tools.
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Pull planning tools

Preload [« Pull to

inventory Capable demand

network

MRP H MPS H DRP H S&OP H Forecast ‘4—

CRP . Preload Pull to
inventory Capable [« demand
network
/ Push zone l Pull zone
Inventory Capacity Push/pull Capacity
boundary

Figure 1.7 Integrated push and pull planning tools.

from the competitive situation within the market segment. The planning horizon is
determined by product structure. ROIC is a calculation based, in part, on both the
profit margin from the income statement and the inventory, accounts receivable,
and accounts payable from the balance sheet.

Table 1.5 is the complete SCCRS. Chapter 11: “Performance Measures” gives
a detailed explanation for each specification. A numerical value is assigned to each
specification in the “Value” column, and you are given an opportunity to accept or
reject the resulting actual supply chain performance in the “Validation” column.
Chapter 2: “The Blueprint” provides a complete detailed numerical example for
a forward supply chain network, and Chapter 8: “Return” provides a complete
detailed numerical example for a reverse supply chain network.

B Network inventory—This determines the inventory investment on your bal-
ance sheet.
— Raw material and finished goods inventory at the factory
— Cycle stock inventory at the distributor
B Delivery lead time—This determines delivery competitiveness in the market.

Vocalize from the Push/Pull Boundary = Days of Delivery Lead Time (1.3)

Visualize to the Push/Pull Boundary = Days of Planning Horizon  (1.4)
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Table 1.5 Complete Supply Chain Construction Requirements Specification

Attribute

Description

Network type

[Forward network] or [with service component] or [reverse

network]

Market segment

[Enter] or [switch] or [existing] or [exit]

Product family

[New] or [rollover] or [existing] or [obsolete]

Project objective

We are constructing a [network type] to connect this
[product family] supply with this [market segment] demand.

Specification Value Dimensions Validation

Throughput Dollars per month, JAccept [JReject
or units per month

Factory Velocity Days +/— [JAccept [JReject

Cash-to-cash Variability +/- Days

cycle

Distributor Velocity Days +/— JAccept [JReject

Cash-to-cash Variability +/— Days

cycle

Factory to Dollars per unit CJAccept [JReject

distributor

Price/landed cost

Distributor to Dollars per unit [JAccept [JReject

store

Price/landed cost

Factory Dollars or turns CAccept [OReject

Raw material

(RM) and finished

goods (FG)

inventory

Distributor Dollars or turns [JAccept [JReject

Cycle stock

inventory

Delivery lead Vocalize Days OJAccept [JReject

time Visualize Days

Factory ROIC Percent JAccept [JReject

Distributor ROIC Percent CJAccept [JReject
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B Return on invested capital (ROIC)—This is a calculated percentage that keeps
your attention focused on both the income statement and the balance sheet.
Improvement in shareholder stock price for a public company generally cor-
relates with improvement in ROIC.

ROIC = $ After tax profit/month X 12 months

X 100% 1.5)
$Inventory + $Production capacity assets

+ $Accounts receivable — $ Accounts payable

Study the Blueprint before Beginning Construction

The SCCRS is often missing from the supply chain construction project. This is
also the step, when missing or incomplete, that is most likely to cause the project
to fail because the team objective is fuzzy. How can you build a business without
having a plan for your supply chain? You will return to the SCCRS again and again
to check your progress, evaluate alternative approaches, and validate/diagnose your
complete supply chain solution.

The Supply Chain Construction Blueprint presented next in Chapter 2: “The
Blueprint” walks you step by step through what has to be done to build the network
container and fill it with product contents. It is a really good idea to read through
The Blueprint, and this book, before beginning construction. The questions that
The Blueprint will raise are important questions that must be resolved before your
supply chain construction project can be completed. A few examples might include
the following: Is your supply chain too long to achieve a competitive product price?
How much inventory do you need to keep, and how will you initially pay for this
investment? What are the key obstacles the project team will have to overcome? Is
your supply chain project properly aligned with the critical success factors in your
business? It will take more than good luck to complete a successful project.

In Summary

The primary purpose of this book is to teach those unskilled in the art how to
construct a new supply chain from scratch and begin its operation successfully.
The secondary purpose of this book is to teach those with some practical business
experience how to successfully modify an existing supply chain and continue
operations competitively. This chapter presents three key tools: the Eight-Step
Approach to conduct a successful supply chain construction project, the SCCRS
to document requirements, and the Supply Chain Echelon Map to diagram mate-
rial flow in the network. Chapter 2: “The Blueprint” presents the Supply Chain
Construction Blueprint used to build the network container and to fill it with
product contents.






Chapter 2

The Blueprint—
“Make It Work”

This chapter presents The Supply Chain Construction Blueprint. The Blueprint is
grouped into four sections: (1) project setup, (2) construction of the network container,
(3) filling the network container with product contents, and (4) start-up stabilization.
The project setup ensures that the supply chain construction project has an objective,
a project team, a timeline, and a budget. The supply chain construction begins with
the Supply Chain Construction Requirements Specification (SCCRS). The network
container is built to specification connecting the market segment with the product
while meeting a competitive end-customer price/landed cost. The network container
is filled to specification with product contents by transforming raw materials into end
products and delivering these products while meeting a competitive delivery lead time.
Trading partner cash flow and inventory turns are key parts of The Blueprint. The
start-up stabilization validates intended performance levels and provides diagnostics
tools to isolate and resolve any start-up issues with the new or modified supply chain.
The bulk of this chapter is a step-by-step comprehensive example of the construction
of a forward supply chain network. Chapter 8: “Return” presents a step-by-step com-
prehensive example of the construction of a reverse supply chain network.

You Don’t Know What You Don’t Know

They met a week later, giving Jerry, the vice president (VP) of Marketing, a little
time to find out more about the market from the Computer Products Division.
Alice was not present because of the demands on her expertise for the quarter end
closing.

31
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Steve, president of the Power Products Division, kicked off the meeting, “If we
are going to start a new business, then we need a plan that all of us can support.”

“Well, I need to know a lot more about competitive price points and the inter-
face specifications for the new server family before my engineers can begin to
design a product,” offered Herb. “How long does the battery have to last? Do we
need a quick charge capability? Should we protect against line distortion or just
line dropout?”

Jerry replied, “My team has learned that Computer Products expects to sell
30% high power servers, 50% mid power servers, and 20% low power servers. And,
the disc packs lose 65% of their rotational speed in four seconds.”

George, the VP of Quality, responded, “I don’t know what all that technical
stufl means, but lec’s kick this discussion up a notch. We need to talk about a plan. I
think the following analogy is appropriate here to keep this meeting on-track. When
someone decides to build a new building in the city, they hire an architect to draw
up a plan of the kind of building that will satisfy the client’s need for function, will
fit the context of the surrounding environment, and will meet the client’s cost target.
You remember that the folks sitting in this meeting did just that, when we decided
a couple of years ago to expand the factory building on this site. After the architec-
tural plan is drawn, a general contractor is hired to construct the building. Along the
way, the architect consults with certain engineers for key design items like the steel
structure. We need to think in terms of the architect, the engineer, and the general
contractor.”

“That’s very helpful George,” said Steve. “We need an architectural phase to
draw up a plan. That will come from this group of functional VPs. And we need a
construction phase to implement the plan. That will come from the project team
that we choose to put in place. Certain specialty areas of expertise, like the battery
technology that is new to us, will require engineering support and maybe even
some third party consulting.”

“That’s exactly right!” said George.

Tom, the VP of Manufacturing, had been listening intently and offered, “You
know, the output from the architect is more than just a pretty rendering of a future
building. I remember that one of the key line items, when we paid the architect
for this building, was The Blueprint. The general contractor used The Blueprint
to build this factory in a way that met our specifications and cost target. While
The Blueprint did not necessarily explain every detail of how to build our fac-
tory, it focused the knowledge and experience of the general contractor and kept
him on task. After reviewing The Blueprint and asking the general contractor and
architect questions in preparation for meeting with the City Municipal Planning
Board, we discovered there were many things that we didn’t know that we didn’t
know.”

“Will such a blueprint help us answer the question how big is this business
opportunity? How do we know if this opportunity is real before making such a
large investment?” Steve asked.
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George replied, “Let’s talk first about how The Blueprint applies to our new
business venture. I mentioned at our last meeting that we need a new supply chain
to deliver the new uninterruptable power supply (UPS) products to a new base of
customers. The throughput achieved through a supply chain is the revenue shown
on the income statement. The right factory and distributor margins in a supply
chain can make the business profitable. The inventory turns across a supply chain
determine the inventory investment that must be made to sustain the business.
And, the cash flow generated within a supply chain helps to fund business growth.
OK, I'll stop lecturing now.”

“So, The Blueprint looks at top line revenue dollars and bottom line profit?”
Steve asked again. “Why isn’t Alice here for this conversation?”

“Not quite so fast.... The Blueprint that I'm speaking about is a construction
plan for the supply chain,” replied George. “Speaking from a quality process per-
spective, remember you can’t launch this new business without a supply chain.
Our present factory doesn’t build a UPS product. Our present supply chain doesn’t
involve distribution and retail. Our present sales force doesn’t sell to Computer
Product customers. And, our present customer base doesn’t buy a battery backup
for a power supply. We have no hope of success in this new business without build-
ing a new supply chain, in parallel with designing a new UPS product and in paral-
lel with cultivating a new market segment. This is going to take our best minds and
significant investment.”

“OK. I think I get that,” said Steve. “Herb, how do you see a UPS product design
evolving? Jerry, what do you really know about customer demand in this new mar-
ket? Tom, can our factory build this UPS?”

Herb replied, “We can leverage the power mesh design and the server interface
design from our latest generation of products. I am already working on identifying
a battery consultant to work with our engineers. We will probably have to shift one
or two firmware designers into writing application software. My engineers are fully
engaged on other projects; the big issue will be to decide which of our current projects
to delay or cancel so that I can staff electrical and mechanical engineers on the UPS
project.”

Jerry replied, “I plan to recruit a sales manager from Computer Products. Being
part of the same corporation, we can leverage recent market surveys conducted by
the Computer Products Division. 'm not worried about conquering the market.
We would be selling through the value-added reseller (VAR) network established
by Computer Products. Steve, you know that I also have considerable wholesale and
retail sales experience in my background.”

Tom replied, “In a nutshell...yes, we can build it.”

“George, what exactly is covered by this Supply Chain Construction Blueprint?”
Tom asked.

“That’s a great question. To be honest, 'm not an expert on this, but I know
someone in our company who is. In layman’s terms, here is how it was explained
to me. The Blueprint has a couple of major sections. One section leads the project
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team through the sequence of tasks that builds the network container. The network
container connects material low from raw materials to end customers. You know,
the supply base, the factory, the distributor, and the resellers. Another major section
leads the project team through the sequence of tasks that fills the network container
with the product contents. You know, the transformation of raw materials into
products, inventory control, demand planning, and fulfillment.”

“Sounds complicated. Is this blueprint very long? We don’t have much time to
go to market,” said Jerry.

“As I understand it, the whole Supply Chain Construction Blueprint is about
20 steps,” replied George.

“Who is this supply chain expert to whom you have been eluding?” Herb asked.

“It is Bill, our Director of Supply Chain currently on Tom’s staff. He knows all
about supply chains and is APICS certified in the field. Bill is published and well
respected among his peers. Let me remind you that he successfully led the small
team project that outsourced our sheetmetal shop last year.”

“I'm not sure I can run Manufacturing without Bill,” complained Tom.

“I understand how you feel.” Steve ended the meeting with this directive, “It’s
good to know that about Bill. I want the rest of you to start thinking about who we
want to assign to the UPS Project Team before we meet next time. This project will
be a career opportunity for our best people.”

Follow the Blueprint

Follow the Supply Chain Construction Blueprint shown below in the sequence
presented. Build the network container before filling it with product contents.
Complete explanations and reasons for each step in The Blueprint are found in
the remaining chapters of this book. Whether you are expanding or contracting,
whether you are a small or a large organization, whether you are manufacturing or
service or recycling oriented, each step in the construction template has the flex-
ibility to be adapted to your situation.

Blueprint to Construct the Network Container

The network container connects the market segment with the product’s raw mate-
rials as specified in the SCCRS. The factory-to-midbound logistics-to-distributor
network relationships are determined first because these decisions make or break
the end-to-end price/landed cost specification. After establishing the project team
in Table 2.1 steps A and B, steps 1 through 10 of the Supply Chain Construction
Blueprint detail the construction task sequence. The chapter(s) listed in the right-
hand column provides detailed how-to information for that step. Notice that it
may be necessary to iterate from step 3 back to step 2 to meet the price/landed cost
specification.
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Table 2.1 The Network Container Construction Blueprint
Step Construction Task Task Description Chapter

Follow These Steps to Set Up the Supply Chain Construction Project

A Set the business Describe the business objective 1
objective for the supply | for connecting the market
chain project. segment and the product.

B Staff the construction Formally approve project staffing. 3,4
project, develop the Document a project timeline and
project timeline, and project budget.
plan the project budget.

Follow These Steps to Construct the Network Container

1 Write the network Define the throughput, price/ 1,11
container portion of landed cost, and cash-to-cash
SCCRS. velocity specifications for the

forward (or reverse) network
container.

2 Use the supply chain Map the supply chain echelons for 1,3,4
echelon map to budget | material flow. Budget downstream,
price/landed cost midstream, upstream, and logistics
end-to-end echelon by price/landed cost for competitive
echelon. pricing and profitable margins in

each echelon.

3 Start midstream with Select a factory based on its labor 57
the factory through rate, markup, process capability,
midbound logistics to and capacity to meet all
the distributor (material | requirements; select a distributor
flow). based on its location, inventory

capability, capacity, and markup to
meet all requirements.
If price/landed cost specification cannot be met, iterate back
through step 2.

4 Detail the upstream Build a base of suppliers to 6

supply base through support the composite BOM. Keep

inbound logistics to the
factory (material flow).

direct material and inbound
logistics costs within budget.

(Continued)
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Table 2.1 (Continued) The Network Container Construction Blueprint

Step Construction Task Task Description Chapter

Follow These Steps to Construct the Network Container

5 Detail the downstream | Build a delivery channel to reach 7
distributor through the intended market segment
outbound logistics to according to customer preference.
the customer (material Keep price markups and outbound
flow). logistics costs within budget.

6 Add the service Add the capability and capacity for 7
element. any customer facing service element.

7 Connect demand Connect customer demand to the 7,9
broadcast information shipping buffer and the network
with material flow and constraint. Rebroadcast demand in
test (information flow). | parallel from the network

constraint to all other trading
partners. Exercise and test every
order-to-delivery loop.

8 Connect requests for Connect invoice information with 4,7
payment (information cash payment for each networked
flow) with cash payments | pair of buyers and sellers. Exercise
and test (cash flow). and test every invoice-to-cash loop.

9 Detail the factory and Detail the cash-to-cash cycle for the 4
distributor steady-state | factory and for the distributor.
cash-to-cash cycle. Maximize cash velocity and

minimize cash variability.

10 Plot a Value Circle to Use the Value Circle to validate that il
validate network the completed network container
container performance | construction can meet the SCCRS.
measures: throughput,
cash-to-cash velocity,
cash-to-cash variability,
and price/landed cost.

Blueprint to Fill the Network Container
with Product Contents

The network container is filled with product contents by transforming raw materials into
end products as specified in the SCCRS. The push/pull boundary location and operat-
ing strategy are determined first because these decisions make or break the inventory
turns specification. Table 2.2 steps 11 through 18 of the Supply Chain Construction
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Table 2.2 The Product Contents Construction Blueprint

Step Construction Task Task Description Chapter
Follow These Steps to Fill the Network Container with Product Contents
11 Write the product Define the inventory turns, vocalize, 1,11
contents portion of visualize, and ROIC specifications
the SCCRS. for product content in the forward
(or reverse) network.
12 Decide the operating | Decide the product operating 9
strategy, locate the strategy as build-to-stock (BTS),
push/pull boundary, | assemble-to-order (ATO), build-to-
and identify the order (BTO), or engineer-to-order
network constraint. (ETO). Locate the push/pull boundary
to achieve a competitive delivery lead
time. Identify the network constraint.
13 Compile the Compile the list of all unique 6,10
composite BOM. inventory items used across all
products throughout the end-to-end
network. Identify every inventory
location for each inventory item in
its respective supply chain echelon.
14 Forecast demand. Forecast demand over the planning 9
horizon. Develop supply rate and
mix forecasts.
15 Use the supply chain | Use the supply chain echelon map 1,3,10
echelon map to for material flow to budget
budget inventory downstream, midstream, and
turns echelon by upstream inventory for competitive
echelon. delivery and sustainable cash flow
in each echelon. Determine the lot
size, reorder point, and safety
stock for each inventory item at
each inventory location.
If the inventory turns specification cannot be met, iterate
back through step 13.
16 Plan and control the Implement sales and operations 10
push zone. planning, rough cut capacity
planning, distribution requirements
planning, master production
scheduling, materials requirements
planning, and capacity planning.

(Continued)
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Table 2.2 (Continued)

The Product Contents Construction Blueprint

Step

Construction Task

Task Description

Chapter

Follow These Steps to Fill the Network Container with Product Contents

risk.

environmental scanning and
scenario planning.

17 Plan and control the Implement pull inventory and 10
pull zone. capacity planning and control.
Consider postponement.
18 Plot a Value Circle to | Use the Value Circle to validate i
validate product that the completed product
contents performance| content construction can meet the
measures: inventory | SCCRS.
turns, vocalize (pull),
visualize (push), and
ROIC.
Follow These Steps to Stabilize the New or Modified Supply Chain
19 Stabilize supply Use throughput, price/landed cost, 11,12
chain operations and | and inventory diagnostics to attain
end the construction | the required level of performance.
project. Stabilize operations and cash flow
by changing product features or
price points and by maintaining
delivery lead time or trading
information for inventory.
20 Manage supply chain | Manage supply chain risk through 12

Blueprint detail the construction task sequence. Notice that it may be necessary to iter-
ate from step 15 back through steps 13 and 14 to meet the end-to-end inventory turns
specification. Finally, Table 2.2 steps 19 and 20 are used to stabilize the new or modified
supply chain start-up.

Build a Forward Supply Chain—
A Comprehensive Example

The following comprehensive case study details how to complete each step of the
Supply Chain Construction Blueprint to build a forward supply chain. This case
study is a compilation of experiences designed to teach the application of The
Blueprint. Follow each of these steps, in sequence, to build your own multiechelon,
high-throughput forward supply chain. Chapter 5: “Make,” Chapter 6: “Source,”
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Chapter 7: “Deliver,” Chapter 9: “Demand Planning,” and Chapter 10: “Inventory
Management” address how to construct multiechelon supply chains.

Step A: Set the Business Objective Connecting the Market
Segment and Product (Chapter 1)

In step A, you set the context for the market segment and product being connected
by your supply chain. The following case study is a compilation of experiences
designed to demonstrate how to apply The Blueprint by focusing on a single eche-
lon with an average throughput of one unit per day. A Ceramic Arts Studio decides
to expand their website to include an Internet store. The Ceramic Arts Studio cur-
rently organizes two local shows a year for their member artists, and they have been
pleased with the volume of sales that have been achieved. Based on discussions with
patrons and customers, they believe there is a strong market for one-of-a-kind items
priced from $85 to $300 for home decorations and personal gifts. Customers are
attracted to particular artists, the colors and quality of their works, the base mate-
rial and technique used to craft their works, and the one-of-a-kind nature of own-
ing their work at a reasonable price. The market segment of people wanting to own
such art from these artists extends geographically beyond the distance that local
customers are willing to travel to a show. Hence the decision is to open an Internet
store with shipments from a new distribution center.

After a series of planning meetings, the executive committee of the Ceramic Arts
Studio decides that the store catalog will only show items in-stock at the distribution
center (DC). Member artists will deliver and consign their work to the DC; they will be
paid in full within 10 days of a sale. Should another sales opportunity arise, the member
artists can pull their work at any time. The DC will mark up the member artist’s sug-
gested price to cover expenses and generate a small profit. Initially, the DC will be sized
to inventory a set number of pieces from each member artist plus additional inventory
space that will be stocked at the discretion of the Ceramic Arts Studio. The Internet
store catalog software will show full-screen, high-resolution color photos of the front,
back, and bottom of each piece with some indication of its relative size. Each piece will
feature a written description and the member artist’s professional biography. Whenever
a new piece is added to the inventory, the Internet store will generate an e-mail blast
to a distribution list including anyone who has previously purchased from the store.
All payments will be made by PayPal, and all shipments will be handled through UPS
Ground. Each piece will be shipped with a signed certificate of authenticity from the
appropriate member artist. All sales will be final, and no returns will be allowed.

Step B: Staff the Construction Project, Develop the Timeline,
and Plan the Budget (Chapters 3, 4)

In step B, you staff the supply chain construction project, develop the project time-
line with milestones, and plan the project budget. This forward network supply
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chain construction project might take two people four to six months to complete.
Besides the expense of staffing, the project budget would depend largely upon the
necessary investment for an information system and for inventory. The executive
committee of the Ceramic Arts Studio recruits two members who are experienced,
retired businessmen to setup the DC and Internet store over a four-month period
on a shoestring budget. The project team is authorized to spend up to $1,000 for
online cataloging and shopping cart software.

Step 1: Write the Network Container SCCRS (Chapters 1, 11)

In step 1, you describe the forward supply chain network and document the top half
of the SCCRS for the network container. To begin documenting the SCCRS, the
Ceramic Arts Studio needs a network echelon map with an estimate of throughput
volumes and a per echelon price/landed cost budget. These estimates and budgets
are refined with each successive step in the Supply Chain Construction Blueprint.
The project team meets at a diner and, over coffee, sketches the Supply Chain
Echelon Map on a napkin as shown in Figure 2.1. Since the supply chain Echelon
Map traces out material flow, the Internet store is not shown. The Internet store is
only in the path of information flow and cash flow. The echelons are numbered start-
ing with the customer in echelon 1 and working upstream to raw materials in echelon
4. This supply chain construction project is all about organizing and implementing

Echelon 4 Echelon 3 Echelon 2 Echelon 1

Glaze
suppliers

Clay
supplier

Packaging
distributor

Packaging
suppliers

Figure 2.1 Forward supply chain echelon map.
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distribution and its associated Internet store in echelon 2. The member artists in ech-
elon 3 are the “Factories” in this supply chain. The shipping cartons and bubble wrap
are to be purchased from a packaging supplies distributor, also located in echelon 3.

How to Estimate Throughput

The project team is concerned about how to finance the start-up of this supply chain
construction project. Since the member artists agree to consign their work, the
project avoids needing cash to buy start-up inventory. Stocking packaging materials
is another matter altogether. The project team has some money to cover software
for the Internet store, and the Ceramic Arts Studio already operates a website. The
big concern is how to pay for a DC. Over coffee at a second meeting at the diner,
the project team comes up with the idea of using a member’s garage as a small DC
to prove the feasibility of this endeavor.

The Ceramic Arts Studio has 21 member artists who participate regularly show-
ing their work. The most prolific member produces two new pieces each month,
while the least prolific produces two new pieces a year. They estimate their through-
put to be (1 member x 24 pieces) + (19 members x 12 pieces average) + (1 member x
2 pieces)) = 254 pieces/year, or about 21 pieces/month. Of course, their experience
has shown that not every piece will sell; their supply chain may well be demand
limited. On the other hand, throughput can grow with the addition of more mem-
ber artists. This is an ultra-low-volume example of one shipment per day to demon-
strate how to apply the Supply Chain Construction Blueprint.

How to Estimate Price/Landed Cost

When an item is sold, the DC pays the member artist’s price plus nothing for mid-
bound freight because every piece is hand delivered by the member artists. A part-time
employee works at the DC each day to process orders off the website, enter new pieces
into the online catalog, manage inventory, pack items, and hand off shipments to UPS.
The employee’s paid hours are a variable cost. When the daily items sold are low-price
items, the employee works one hour a day. When the daily items sold are high-price
items, the employee works two hours a day. The DC expenses include fixed costs for
rent, utilities, insurance, and Internet access plus a variable cost for PayPal processing.
Table 2.3 details the two extremes of the price/landed cost factors.

How to Estimate Cash-to-Cash Velocity

Velocity is the mean number of days, positive or negative, in the DC’s cash-to-cash
cycle. The average distributor price per unit is $176. Suppose revenue ramps linearly
from $0 to 21 units x $176/unit, or $3,700 after 21 days. Customers pay through
PayPal at the time of ordering, and the DC has immediate access to their payment.
Member artists consign their work so the accounts payable for inventory is zero.
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Table 2.3  Estimating the DC per Piece Price/Landed Cost for the Ceramic
Arts Studio

Example Lowest Price Example Highest Price
Product Product
Markup Markup
Cost Factor Items Line Total Items Line Total
Artist’s price to the DC $48.50 $240.00
Midbound freight $0.00 $0.00
Packaging materials $2.24 $2.24
Authenticity $0.35 $0.35
certificate
Total DC material $51.09 $242.59
Part-time employee? $8.80 $16.00
Payroll taxes $2.23 $6.05
Total DC labor $11.03 $22.05
Rent $10.00 $10.00
Total DC overhead $10.00 $10.00
Utilities, taxes, $8.65 $8.65
insurance
Internet access $0.71 $0.71
PayPal processing $2.52 $9.00
charge
Before-tax profit? $1.00 $7.00
Total DC markup $12.88 $25.36
Internet store catalog $85.00 $300.00
price
+Outbound freight
(UPS)
+Sales tax

2 Employee pay and profit are reduced when mostly lower-price items dominate.
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Twenty percent of accounts payable are period expenses for rent and wages due at
month end, and 80% of accounts payable are payments to the member artist due
10 days after each sale. Since all the monthly revenue in the steady state is paid by
the customer before the month-end period expense has to be paid, the cash-to-cash
velocity is related to paying the member artists. Step 9 below presents a detailed
analysis to calculate velocity and to estimate variability.

Cash-to-Cash Velocity = 0 Days Inventory + 0 Days Receivables
- 10 Days Payables = -10 days

The network container portion of the SCCRS can now be completed as shown in

Table 2.4.

Table 2.4 SCCRS for the Ceramic Arts Studio Supply Chain

Attribute Description
Network type Forward network
Market segment Individuals wanting to own inexpensive one-of-a-kind

ceramic art hand crafted by domestic artists

Product family One-of-a-kind ceramic art

Project objective We are constructing a forward network that connects
ceramic arts customers with ceramic arts studio
member artists through an Internet store.

Specification Value Dimensions Validation
Throughput 21 Units per JAccept [JReject
month
Distributor cash-to- Velocity —10 Days [JAccept [IReject
cash cycle
Distributor/store High: 300 Dollars per | [JAccept [JReject
price/landed cost Low: 85 unit
Dollars per

unit

Inventory

Delivery lead time

Return on invested
capital
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Step 2: Budget Price/Landed Cost End-to-End

Echelon by Echelon (Chapters 1, 3, 4)

In step 2, you determine whether the number of supply chain echelons can yield
profitable margins at the expected unit volumes. The Ceramic Arts Studio supply

chain is unusual in that the expected average throughput is just one unit per day.
The network container is a short four-echelon supply chain. Table 2.5 shows the

Table 2.5 The Echelon-by-Echelon Price/Cost Budget at One Shipment/Day

Price/Cost Item Lowest Price | Highest Price Notes
End customer’s cost $85.00+ $300.00+ Buyer echelon 1
Sales tax State specific
Outbound freight UPS distance,
weight rate tariff
Distributor/Internet $85.00 $300.00 Seller echelon 2
store price
Distributor markup $12.88 $25.36
Distributor overhead $10.00 $10.00
Distributor labor $11.03 $22.05 5 hours/week or
10 hours/week
Distributor material cost $51.09 $242.59 Buyer echelon 2
Additional materials $2.59 $2.59 Packaging and
certificate
Midbound freight $0.00 $0.00 Donated
Artist price $48.50 $240.00 Seller echelon 3

Artist markup

Artist overhead

Artist labor

Artist material cost Buyer echelon 3

Inbound freight

Supplier price Seller echelon 4
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price/landed cost budget echelon by echelon at the two price extremes. The budget
is set from echelon 1 to achieve an $85 to $300 store price before shipping cost and
sales tax. Note that because no physical material flows through the Internet store
and because the Internet sore is not an independent organization, the Internet store
does not add an echelon to the supply chain and does not add a price markup. The
distributor price and the Internet store price are one in the same. To cover cer-
tain fixed costs in echelon 2, the DC has to carefully manage the hours the single
employee can work each week relative to the daily prices of the pieces actually sold.
Echelon 3 reflects the pricing set by the member artists. The Ceramic Arts Studio
has no knowledge of the material costs, labor hours, or profit margins of the indi-
vidual member artists. Echelon 4 is the going market price for molding clay, glaze,
and other art supplies.

Step 3: Start Midstream with the Factory-to-Midbound
Logistics-to-Distributor Material Flow (Chapters 5, 7)

In step 3, you choose the factory and distributor organizations and locations and
the transportation mode for midbound logistics. In the Ceramic Arts Studio supply
chain, the factories are the individual member artists. The member artists agree to
hand deliver each new piece to the garage DC in person. Therefore, the member
artists also provide the midbound logistics connection.

The project team discusses their requirements for the DC back at the diner
over coffee. The facility must be large enough for rack space to accommodate up
to 200 units. This will allow each of the 21 current member artists to consign up
to five works apiece plus some room for works selected by the Ceramic Arts Studio
plus some expansion for new members. There must be space to inventory a month’s
worth of packaging materials. When the employee is not present, the facility must
be secure. The computer system running the Internet store will be located at the
DC. There must be secure office space to hold the computer. There must be table
space long enough to receive and unwrap artist’s inventory and to wrap and ship
customer orders. These musts and additional wants are shown in Table 2.6. The
project team budgets $200/month for rent and sets out to locate and negotiate the
use of a garage.

Step 4: Detail the Upstream Supply Base-to-Inbound
Logistics-to-Factory Material Flow (Chapter 6)

In step 4, you determine supply base relationships and inbound logistics connec-
tions. The Ceramic Arts Studio supply chain has two sets of suppliers. The first set
includes the art supplies, pottery clay, and glaze suppliers that each of the indi-
vidual member artists uses to buy his/her raw materials. The member artists either
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Table 2.6 Facility Selection Criteria for the DC

Priority Criteria Validation Value
Must 1 Secure storage Secure cubic volume to Racking for
capacity inventory ceramics of varying | 200 units and
shape and storage of packaging
packaging materials
Must 2 Secure office Office space with the Yes
space computer running the

Internet store

Must 3 Throughput Table space to receive new One to four
capacity inventory and to wrap and units/day
package inventory for
shipment
Must 4 Cost factors Owner willing to rent garage $200/month
for an extended time
Want Internet Existing FiOS connection Yes
connection
Want Location Driveway access for UPS Yes
home pickup
Want Easy access to Easy access to washroom for Yes
washroom employee

shop themselves at art retail stores, in which case there is no inbound logistics cost,
or order their raw materials online, in which case the cost of inbound logistics is
added to the price. While there are many kinds of pottery clay and glazes, it is not
unusual for several of the member artists to use some of the same local suppliers.

The DC uses a second set of suppliers to purchase shipping cartons, bubble
wrap, labels, tapes, and other packaging materials. They decide to use the one-
stop-shopping packaging distributor ULINE (www.uline.com) with two-day UPS
Ground delivery lead time to the DC.

Step 5: Detail the Distributor-to-Outbound Logistics-
to-Downstream Delivery Material Flow (Chapter 7)
In step 5, you determine the delivery channel relationships and outbound logistics

connections. In the Ceramic Arts Studio supply chain, customer order information
flows through the Internet store, payments flow through PayPal, and DC product
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shipments flow to the customer through UPS Ground. The DC employee manages
the delivery channel by focusing on the following tasks:

B Online catalog maintenance—When a member artist consigns a new piece to
the DC, digital photos of its front, bottom, and back have to be uploaded into
the online catalog and its pricing posted. The member artist signs a certificate
of authenticity to go with the work. Whenever a piece is sold, the item is
removed from the online catalog,

B [nventory managemeni—When a new piece is received, the DC inventory is
incremented. Whenever a piece is sold, the DC inventory is decremented.

B Order processing—Whenever a piece is sold, the sale is confirmed back to
the customer and the member artist is notified. Once processed through
PayPal, the total customer payment is allocated among the DC for rev-
enue, UPS for the outbound logistics charges, and the State for the sales
tax. The customer is notified of the UPS tracking number the day the piece
is shipped.

B Shipment processing—Whenever a piece is sold, the piece is pulled from inven-
tory and carefully wrapped and packaged along with its certificate of authen-
ticity signed by the artist. A UPS shipping label is printed from the UPS
website. UPS is notified that a shipment is ready for pickup.

Step 6: Add Any Service Element (Chapter 7)

In step 6, you add any service that the network delivers to complement the product.
Service elements often involve labor capacity, information flows, and cash flows.
The Ceramic Arts Studio supply chain supports no additional customer services.

Step 7: Connect Demand Broadcast Information
with Material Flow and Test (Chapters 7, 9)

In step 7, you match the information flows to replenish inventory with the mate-
rial flows and test each connection. In the Ceramic Arts Studio supply chain,
customers can buy only the items that are currently in inventory at the DC.
Unlike most supply chains, the replenishment of the DC inventory is driven
by supply rather than demand, i.e., whenever a member artist finishes a work.
The member artist is told when the piece has sold, rather than when the piece
is needed. On the other hand, packaging materials are stocked against future
demand. Table 2.7 details each order information-to-material delivery loop in
the network container echelon by echelon. Each loop should be tested during
the supply chain construction project to verify that the connection is in place
and working.
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Table 2.7 Demand Information-to-Material Delivery Loops

Echelon 1 <> Echelon 2

Customer <> DC Customer orders on retail store website
(information).

DC accesses order from retail store website
(information).

DC picks and packs to customer order (material).

DC ships item UPS Ground to customer (material).

Echelon 2 < > Echelon 3

DC <> member artist(s) | Member artist brings piece to DC in person
(material).

Member artist consigns inventory to DC
(information).

DC informs member artist of sale (information).

DC < > packaging DC orders on packaging distributor website
distributor (information).

Packaging distributor picks and packs to DC order
(material).

Packaging distributor ships items UPS Ground to
DC (material).

Echelon 3 < > Echelon 4

Member artist(s) < > Member artist orders on pottery clay supplier
pottery clay supplier website (information).

Pottery clay supplier picks and packs to member
artist order (material).

Supplier ships items UPS Ground to member artist

(material).
Member artist(s) < > Member artist orders on glaze supplier website
glaze supplier(s) (information).

Glaze supplier picks and packs to artist order
(material).

Glaze supplier ships items UPS Ground to artist
(material).

(Continued)
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Table 2.7 (Continued) Demand Information-to-Material Delivery Loops

Echelon 3 <> Echelon 4

Member artist(s) <> art | Member artist shops in-person at art supply store
supply supplier(s) (information).

Member artist hand carries items home (material).

Packaging distributor Packaging distributor sends order to cardboard
<> cardboard supplier | supplier (information).

Cardboard supplier fulfills packaging distributor
order (material).

Cardboard supplier ships items motor freight to
packaging distributor (high cubic volume material).

Packaging distributor Packaging distributor sends order to bubble wrap
<> bubble wrap supplier (information).
supplier

Bubble wrap supplier fulfills packaging distributor
order (material).

Bubble wrap supplier ships items motor freight to
packaging distributor (high cubic volume material).

Packaging distributor Packaging distributor sends order to label + tape
<> label + tape supplier (information).
supplier(s)

Label + tape supplier fulfills packaging distributor
order (material).

Label + tape supplier ships items UPS to packaging
distributor (material).

Step 8: Connect Requests for Payment
with Cash Payments and Test (Chapters 4, 7)

In step 8, you match requests for payment information with its respective cash flow
and test each connection. The Ceramic Arts Studio supply chain uses three differ-
ent kinds of invoice information-to-cash payment loops. First, even though sales are
very low volume and may be infrequent, the DC gets its cash immediately through
a customer PayPal transaction. Second, some suppliers get their cash immediately
through a member artist credit card transaction. Third, other suppliers doing high
volumes with the packaging distributor invoice and receive their cash payments
under NET30 day terms. Table 2.8 details each invoice information-to-cash pay-
ment loop. Each loop should be tested during the supply chain construction project
to verify that the connection is in place and working.
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Table 2.8

Invoice Information-to-Cash Payment Loops

Echelon 1 <> Echelon 2

Customer <> DC

Customer orders on Internet store website
(information).

Customer pays for order using PayPal (cash).

DC accesses PayPal account balance (information).
UPS requests payment (information).

DC pays UPS from PayPal account (cash).

DC pays sales tax from PayPal account (cash).

Echelon 2 < > Echelon 3

DC <> member
artist(s)

Member artist consigns inventory to DC (information).

DC pays member artist from PayPal within 10 days of
sale (cash).

DC < > packaging
distributor

DC orders on packaging supplier website with credit
card (payment information).

DC pays credit card from PayPal within its 30-day billing
cycle (cash).

Echelon 3 < > Echelon 4

Member artist(s)
<> pottery clay
supplier

Member artist orders on pottery clay supplier website
with credit card (payment information).

Member artist pays his/her credit card within its 30-day
billing cycle (cash).

Member artist(s)
<> glaze
supplier(s)

Member artist orders on glaze supplier website with
credit card (payment information).

Member artist pays his/her credit card within its 30-day
billing cycle (cash).

Member artist(s)
<> art supply

Member artist shops in-person at art supply store
(information).

supplier(s) Member artist pays his/her credit card within its 30-day
billing cycle (cash).
Packaging Cardboard supplier invoices packaging distributor

distributor < >
cardboard supplier

(information).

Packaging distributor pays cardboard supplier in NET30
days (cash).

(Continued)
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Table 2.8 (Continued) Invoice Information-to-Cash Payment Loops

Echelon 3 <> Echelon 4

Packaging Bubble wrap supplier invoices packaging distributor
distributor < > (information).

bubbl'e wrap Packaging distributor pays bubble wrap supplier in
supplier NET30 days (cash).

Packaging Label + tape supplier invoices packaging distributor
distributor < > (information).

label + tape

; Packaging distributor pays label + tape supplier in
supplier(s) NET30 days (cash).

Step 9: Detail the Factory and Distributor
Steady-State Cash-to-Cash Cycle (Chapter 4)

In step 9, you analyze the steady-state cash-to-cash cycle velocity and variability for
the factory and the DC. The Ceramic Art Studio example is concerned only with
the DC. Revenue is generated whenever there is a sale. As sales accumulate, the
Ceramic Art Studio is responsible for collecting sales tax and forwarding this tax
to the government. In this unusual supply chain, the big cash outlay for product
inventory is avoided because the member artists agree to provide their works on
consignment. Consignment is practical because the Internet store greatly increases
the chance of member artists being able to sell their works. Consignment also
ensures that the DC is paid by the customer before the DC has to pay the member
artist. Member artists are individually responsible for paying personal income taxes
on their earnings. At start-up, the DC will purchase a small amount of packag-
ing materials on a credit card to be ready for the first shipments. Depending on
how soon the first sale takes place, the DC may need funds to cover this material
purchase.

Start-up period expense is the big cash flow issue for the Ceramic Art Studio
DC. Rent, udilities, insurance, employee wage, and payroll taxes will have to be
paid for one or more months before the first sale ever occurs. Since there are no
guarantees that the first sale will occur any time soon after the Internet store goes
live, the Ceramic Art Studio must be in a position to fund several months of period
expense. Payment dates are driven by fixed billing cycles on credit cards, rent, utili-
ties, and employee payroll. Table 2.9 details the steady-state cash-to-cash velocity
and variability for the DC.
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Table 2.9 DC Steady-State Cash-to-Cash Velocity and Variability

Velocity | Variability | Sell/Buy Monthly Cash Flow
1. Consign | The member artist delivers piece to
DC for sale.

2. | 30days 0to-25 Buy 19% | The DC pays period expense for rent,
days utilities, and wages.

Variability is a function of payment
date vs. sales date.

3. | 30days 0to -25 Buy 1% | The DC buys packaging material on
days credit.

Variability is a function of payment
date vs. sales date.

4. | Odays 0 days Sell 100% | The customer buys a piece using PayPal.

5. | 10days +2 days Buy 80% | The DC pays the member artist a
piece after the sale.

Variability is function of sales date vs.

weekend.
6. Buy The DC pays UPS outbound freight.
7. Buy The DC pays sales tax.

20% of accounts payable are due at the beginning of the month.

Revenue ramps at one sale per day for 21 working days at a projected mixed
average price of $176.

80% of accounts payable track revenue by a 10-day delay.

The cash-to-cash cycle velocity for a single piece:
Days of inventory = 0 days because inventory is on consignment
Days of receivables = 0 days because revenue from PayPal purchase is
immediately available
20% - 0 days+ 80% - 10 days
100%
Cash-to-cash velocity = 0 days + 0 days — 8 days = —8 days

Days of payables = = 8 days

Cash-to-cash cycle variability:

1. If the average member artist piece price drops within the 100-piece
consigned inventory, then period expenses and packaging material
becomes larger than 20% of accounts payable.

2. If the DC goes days between sales, then the revenue turns lumpy and may
not cover the 20% accounts payable for the following month.

Cash-to-cash variability = +10 days
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Step 10: Plot a Value Circle to Validate Network
Container Performance Measures (Chapter 11)

In step 10, you plot the top half of the Value Circle related to the network con-
tainer, including supply chain performance for throughput, velocity, variability,
and price/landed cost. You are looking to validate the Ceramic Art Studio net-
work container construction by answering these three questions: Can your choice
of network relationships maintain the required throughput? Can you operate
the end-to-end network profitably? Can you predict the steady-state cash-to-cash
cycle velocity for the DC and understand its probable variability? Figure 2.2
shows the Value Circle for the network container with the step 2 through step 9
specification refinements plotted against the Table 2.4 SCCRS values shown as the
unit circle. The performance along each axis improves as you move toward the ori-
gin. A complete description of the Value Circle is given in Chapter 11: “Performance
Measures— Make It Work Well’.”

Throughput is achievable at 21 units/month or 1 unit/day. Realistically, there
will be some days with no sales and some days with multiple sales. A projected
mixed average selling price of $176 per unit before shipping and sales tax results
in a projected mixed average profit of $3 per unit (from Table 2.10 discussion).
Cash-to-cash velocity is -8 days (favorable). Cash-to-cash variability estimated
at 10 days depends on price mix changes and on the number of days without a
sale.

Price/landed

cost
Variability Velocity
$176
10 days -8 days
Throughput
21 units roughpy
Unit circle

Figure 2.2 Value Circle for the Ceramic Arts Studio network container.
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Step 11: Write the Product Contents SCCRS (Chapters 1, 11)

In step 11, you complete the bottom half of the SCCRS related to the product
contents. Two types of inventory flow through the Ceramic Arts Studio DC. First,
are the works of art created by the member artists, displayed in the Internet store
catalog and sold to customers. The supply of art pieces is forecast in step 14. Second,
are the indirect materials needed to package and ship the art pieces. The demand
for packaging material is also forecast in step 14. A budget for end-to-end network
inventory turns is determined. Normally, such inventory would drive a significant
requirement for working capital; however, again, this supply chain is different
because the bulk of the inventory investment is consigned by the member artists.
This inventory has to be visualized through the push zone and vocalized through
the pull zone. Finally, an estimate of the supply chain return on invested capital
(ROIC) is made. ROIC combines aspects of the income statement and the balance
sheet to show a figure of merit for the financial health of the business.

How to Estimate Inventory Value

There are six inventory locations in the Ceramic Arts Studio supply chain, as shown
in Figure 2.3. Only the DC cycle stock and the member artist finished goods have

relevance in the inventory valuation. This is because the member artist raw materials

Echelon 4 Echelon 3 Echelon 2 Echelon 1

Push/pull
boundary

Packaging
distributor

Legend:

I><] Constraint
A Inventory

Figure 2.3 Ceramic Arts Studio forward network inventory locations.
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value is very small and the other suppliers and packaging distributor inventories are
very large and out of network relative to this supply chain. Cost factors from step
2 above plus lot sizes and other details from step 15 below are used to value each
inventory location.

B DC cycle stock—The inventory held in the garage serves as both the ship-
ping buffer and the push/pull boundary. The nonconsigned inventory is the
packaging material and certificates. If 21 days of packaging material is held
in inventory, then its value is (21)($2.59) = $54.

B Member artist finished goods—The member artists are the factories in this sup-
ply chain. As soon as a member artist completes a new work, this piece is
consigned to the DC. The value of the consigned inventory is the sum of the
values of each piece held at the garage. The rack space at the garage holds 200
pieces, and it is half empty at the start-up. The 100 pieces in inventory span
the range of $48.50 to $240 in COGS. An estimate of the total consigned
inventory value from a probable COGS distribution of 100 pieces is as follows:

(20)($48.50) + (30)($100) + (20)($140) + (20)($190) + (10)($240) = $12,970.

B Artist raw materials—FEach member artist keeps a small supply of pottery
clay, glazes, and other art supplies on-hand to be used in current and future
projects. Its value is not included.

B Aysist suppliers finished goods—The volume of material consumed by the mem-
ber artists is a miniscule amount of the artist supplier’s total finished goods
inventory. Its value is not included.

B Packaging distributor cycle stock—The volume of packaging materials con-
sumed by the DC is a miniscule amount of the packaging distributor’s total
cycle stock. Its value is not included.

B Packaging suppliers finished goods—The cardboard, bubble wrap, tape, and

label suppliers each hold finished goods inventories. Its value is not included.
The total inventory value of the inventories held at the DC is $13,024.

21 pieces sold per month - 12 months

B [nventory turns—
S Average of 100 pieces held in inventory

=2.5 turns

How to Estimate Delivery Lead Time

Delivery lead time is the time from when the customer places an order with the
Internet store until the customer receives the piece delivered from the DC. It takes
one work day for the DC employee to process a new customer order from the
Internet store website, pick the correct piece from inventory, and pack the piece for
shipment. The DC employee is a part-time employee working Monday, Wednesday,
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Table 2.10 Estimated Profitability

(quantity x price)

Price/Cost Item Price 1 | Price2 | Price3 | Price4 | Price5

Distributor’s price $85.00 | $138.75 | $192.00 | $245.75 | $300.00
Distributor’s profit $1.00 $2.00 $3.00 $5.00 $7.00
Distributor’s markup $11.88 $1313 | $1436 | $16.11 | $18.36
Distributor’s COGS $72.12 $123.62 | $174.64 | $224.64 | $274.64
Distributor’s overhead $10.00 $10.00 | $10.00 | $10.00 | $10.00
Distributor’s labor (1 or $11.03 $11.03 | $22.05 $22.05 $22.05
2 hours)

Distributor’s material cost $51.09 | $102.59 | $142.59 | $192.59 | $242.59
Packaging materials $2.59 $2.59 $2.59 $2.59 $2.59
Midbound freight $0.00 $0.00 $0.00 $0.00 $0.00

Member artist’s price $48.50 | $100.00 | $140.00 | $190.00 | $240.00

Forecast quantity 20 30 20 20 10

distribution

Projected Steady-State Monthly Average
Revenue over 100 pieces $1,700 $4,163 $3,840 $4,915 $3,000

Estimated revenue/month

$17,618/(100 inventory/21 units/month) = $3,700/

month

COGS over 100 pieces
(quantity x COGS)

$1,442

$3,709

$3,493

$4,493

$2,746

Estimated COGS/month

$15,883/(100 inventory/21 units/month) = $3,335/

month

Profit over 100 pieces
(quantity x profit)

$20

$60

$60

$100

$70

Estimated profit/month

$310/(100 inventory/21 units/month) = $65/

month

Artist pays over 100 pieces
(quantity x artist’s price)

$970

$3,000

$2,800

$3,800

$2,400

(Continued)



The Blueprint m 57

Table 2.10 (Continued) Estimated Profitability

Price/Cost Item Price 1 Price 2 Price 3 Price 4 Price 5

Estimated artist pay/month $12,970/(100 inventory/21 units/month) = $2,724/

month
Payables over 100 pieces $1,442 $3,709 $3,493 $4,493 $2,746
(quantity x COGS)
Average payables $15,883/(100 inventory/21 units/month) = $3,335

and Friday. Transit time is determined from UPS based on the ZIP code of the cus-
tomer’s location. Transit time takes one additional day for local customers. Delivery
lead time is the same as the vocalize time. Therefore, delivery lead time for local
customers is normally three days and extends to four days over a weekend.
Visualize is the planning horizon time to push inventory to the push/pull
boundary. The planning horizon is the longest time taken by a member artist to
create a new piece. The Ceramic Arts Studio uses a planning horizon of six months.

How to Estimate ROIC for the DC

ROIC combines profit after taxes from the income statement with inventory, produc-
tion assets, accounts receivable, and accounts payable from the balance sheet. The fol-
lowing steps give an approximate estimate of ROIC for the Ceramic Arts Studio DC.
Table 2.10 projects a steady-state average monthly revenue and profit based on selling
100 pieces from inventory over several months with a forecast mix as shown.

The ROIC can now be calculated as follows:

1. Profit = $65/month from Table 2.10.

2. 100 pieces of inventory would be valued at $12,970, if it were not held on con-
signment. Adding the packaging materials brings the inventory value to $13,024.

3. Production capacity assets at the DC = $0 because there are none.

4. Accounts receivable for the Internet store = $0 because customer payments

are available immediately through PayPal.
. Accounts payable = $3,335 from Table 2.10.
6. ROIC is calculated as follows:

N

$ After tax profit/month X 12 months

x100%
$Inventory + $Production capacity assets + $ Accounts receivable — $Accounts payable

ROIC =

ROIC = $65%12 x100% = 8.1%
$13,024+ 30 + $0— $3,335
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Table 2.11 SCCRS for the Ceramic Arts Studio Product Contents

Attribute Description
Network type Forward network
Market segment Regional domestic individuals wanting inexpensive

original ceramic art

Product family One-of-a-kind ceramics

Project objective We are constructing a forward network that connects art
customers with Ceramic Arts Studio artists through an
Internet store in the next four months.

Specification Value Dimensions Validation
Throughput 21 Units per month X Accept
Distributor Velocity —8 Days X Accept
cash-to-cash cycle |\, iapility +10 Days
Distributor price/ High: 300 Dollars per unit X Accept
landed cost Low: 85 Dollars per unit
Inventory $13,024 Dollars [JAccept
2.5 Turns [IReject
Delivery lead time | Vocalize3to4 | Days based on location [JAccept
Visualize 180 Days CIReject
Return on 8.1 Percent [JAccept
invested capital [JReject

Note: The ROIC calculation is included here for demonstration, however the
ROIC percentage in this example is meaningless because the DC does not own the
inventory.

The product contents portion of the SCCRS is now complete (see Table 2.11).

Step 12: Decide the Operating Strategy
and Locate the Push/Pull Boundary (Chapter 9)

In step 12, you decide the operating strategy, locate the push/pull boundary
inventory location, and identify the network constraint to achieve a competitive
delivery lead time. The Ceramic Arts Studio supply chain is run using a Build-
to-Stock operating strategy. The push/pull boundary is the cycle stock inventory
held at the DC. Delivery lead time is determined from the location of the push/
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pull boundary as discussed in step 11. There are two network constraints. The
first is the DC single employee’s ability to process and ship multiple pieces in a
single day while being constrained by the number of budgeted paid hours. The
second is the supply constraint of the member artists to generate new pieces for
sale. In the extreme when the entire inventory is sold out, the catalog is empty
and the supply chain shuts down until one of the member artists consigns a new
piece.

Step 13: Compile the Composite Bills
of Materials (Chapters 6, 10)

In step 13, you compile the composite bills of materials (BOM) item master and
map each part number across each of its respective inventory locations. Small busi-
nesses often adopt the manufacturer’s part number as their own internal part num-
ber. This is the case for the packaging materials. The member artists sign a label of
authenticity at the time they consign their pieces to the DC. A flexible part num-
bering system is set up for the ceramic art inventory in the format “AAA-123.” The
first three letters are the member artist’s initials. The last three digits are sequential
for each new piece consigned to inventory by that member artist. Table 2.12 details
where inventory items from the composite BOM are located across the Ceramic
Arts Studio supply chain.

Step 14: Forecast Demand (Chapter 9)

In step 14, you forecast the demand used to push inventory into the push/pull
boundary. In the Ceramic Arts Studio supply chain, both the ceramic pieces of art
and the packaging material are pushed into the push/pull boundary for a customer
order to pull out a shipment. Normally, packaging material would be a depen-
dent demand calculated through the product structure from the parent product.
However, the DC uses three sizes of shipping cartons to accommodate the packag-
ing of a wide variety of shapes and sizes for the member artist’s ceramics. There is no
correlation between the artist or the final value of the piece and its size. Fortunately,
the shipping cartons are inexpensive, and the DC overplans the most common size.
Other packaging material such as bubble wrap and labels are dependent demand
items with a calculated quantity.

The forecast of member artist ceramic art is really a probabilistic forecast of
the availability of supply rather than the normal forecast of customer demand.
While customers may want to buy more, this is a build-to-stock supply chain and
the member artists are not crafting new work to order. The supply forecast is based
on continuing conversations with each of the member artists about their time to
completion and likely price range. The supply forecast ties into the throughput
estimate from step 1: ((1 member)(24 pieces) + (19 members)(12 pieces average) +
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Table 2.12 The Composite BOM

Packaging Member
Item Part Number Distributor Artist DC Customer
Cardboard carton-size 1 X X
Cardboard carton-size 2 X X
Cardboard carton-size 3 X X
Bubble wrap X X
Certificate of X X X
authenticity
Shipping label X X
Artist 1 ceramic 1 A01-001 A01-001 A01-001
Artist 1 ceramic 2 A01-002 A01-002 A01-002
Artist 1T ceramic N A0T-00N A0T-00N A01-00N
Artist 2 ceramic 1 A02-001 A02-001 A02-001
Artist 2 ceramic 2 A02-002 A02-002 A02-002
Artist 1T ceramic N A02-00N A02-00N A02-00N
Artist N ceramic 1 AON-001 AON-001 AON-001
Artist N ceramic 2 AON-002 AON-002 AON-002
Artist N ceramic N AON-00N AON-00N | AON-00N

(1 member)(2 pieces)) = 254 pieces/year, or about 21 pieces/month, and the five-
part pricing structure of step 11: DC prices are set at $85, $138.75, $192, $245.75,
and $300. In Table 2.13, artists 1, 2, and 3 have demonstrated track records of
producing work in some, but not all, of the five price ranges. All other member
artists make up the total volume for the 254 pieces per year. Keep in mind that
any of the supply delivery months can slip later in time, lowering the total on-hand

inventory.
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Table 2.13 Forecast of Member Artist Supply Quantity per Month

Member No./

Artist Year | DC Price | Jan. | Feb. | Mar. | Apr. | May | June
Artist 1 2 $300.00 1

Artist 2 3 $192.00 1 1

Artist 2 9 $138.75 1 1 1 1
Artist 3 6 $138.75 1 1 1

Artist 3 6 $85.00 1 1 1
All other 23 $300.00 3 3 2 3 4 2
artists

All other 51 $245.75 4 4 3 5 4 4
artists

All other 48 $192.00 4 3 2 4 4 5
artists

All other 61 $138.75 6 5 4 4 5 5
artists

All other 45 $85.00 4 4 3 4 4 3
artists

Totals 254 23 22 16 21 24 21
Package Jan. | Feb. | Mar. | Apr. | May | June
Forecast

Carton size-1 16 16 15 16 16 16
Carton size-2 10 10 8 10 10 10
Carton size-3 6 6 5 6 6 6

Step 15: Budget Inventory Echelon
by Echelon (Chapters 1, 3, 10)

In step 15, you budget inventory across the supply chain network by determining the
lot size, reorder point, inventory turns, and safety stock for each inventory item at each
inventory location echelon by echelon. Refer again to the inventory locations in Figure
2.3 and to the composite BOM detail in Table 2.12. In the Ceramic Arts Studio sup-
ply chain, the shipping buffer which is the customer facing inventory location, the
push/pull boundary, and the DC cycle stock are all one in the same. In this supply
chain, the only echelon with an inventory budget is echelon 2 for the DC.
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Ordering Cost and Inventory Holding Cost Estimates

B Ordering cost—From Table 2.10, labor and overhead expense for the DC
employee is $6,741 per year. Suppose 50% of the employee’s time is devoted
to processing the 254 orders for ceramic art plus processing an estimated
30 orders for packaging materials. Then the cost per order is ($6,741 x 50%/
(254 orders + 30 orders)) = $11.87 per order.

B [nventory holding cost—From Table 2.3, rent, utilities, insurance, and taxes
cost (($10.00 + $8.65) x 254 pieces) = $4,737 per year. Adding in the shipping
cartons, labels, certificates, and bubble wrap, the total annual number of units
becomes 254 ceramic art pieces + 254 cartons + 254 labels + 254 certificates +
4 rolls bubble wrap = 1,020 units per year. Then the inventory holding cost
is ($4,737 per year/1,020 units per year) = $4.64 per unit/per item/per year.

Shipping Buffer Is Push/Pull Boundary Is Distributor Cycle Stock

B Arz piece lot size—The member artists produce their work in lot sizes of one.
B Shipping carton lot size using Equation 10.9 for an economic order quantity

(EOQ) is as follows:

EOQ =+/2DS/H in units

where
D = annual demand in units; S = the cost to place an order in dollars;
H = the cost to hold one unit of inventory for one year in dollars.

D = 254 units/year; S = $11.87; H = $4.64 per unit/per item/per year

EOQ = \/(2)(254)(1 1.87)/4.64 = 36 units = distributor lot size for cartons

W Art piece reorder point—NWhen a piece sells, the DC employee removes the
piece from the online catalog and informs the member artist of its sale. This
is also the reorder point for the next piece from that member artist.

B Shipping carton reorder point using a two-bin system—Whenever the first 25
cartons are consumed and the second bundle is started, the DC employee
orders a replacement bundle of 25 cartons. (See carton discussion below.)

B Arz piece safety stock—This is a one-of-a-kind supply chain; there is no safety
stock for the ceramic art.

B Shipping carton safety stock wusing a two-bin system—There are 100 pieces
of ceramic art in inventory at any one time. All of this inventory could be
ordered within a few days or none of this inventory could be ordered within
six months. The Ceramic Arts Studio wants to be able to ship immediately.
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However, it is constrained by the number of hours it can afford to pay the
DC employee when orders bunch up. It is also constrained by the inven-
tory investment it is willing to put into packaging materials. The DC uses a
standard carton size sold in bundles of 25 with a lead time of two days. The
DC decides to invest in a two-bin inventory system for each carton size. Two
bundles (25 units each) of carton size 1, two bundles (25 each) of carton
size 2, and two bundles (25 each) of carton size 3 are ordered and stored in
the DC, for a total of 150 cartons or seven months of supply. The first 25
units are more than enough to cover the average monthly shipping volume.
The distributor’s lot size is close to the EOQ calculated lot size of 36. The
second 25 units are safety stock. The total carton inventory investment is (50)
($0.70) + (50)($0.82) + (50)($1.19) = $136.

W Art piece inventory turns—Throughput of 254 pieces per year divided by an
average inventory of 100 pieces = 2.5 turns/year.

B Shipping carton inventory turns—Throughput of 254 pieces per year divided
by a carton inventory of 150 cartons = 3.4 turns/year.

Step 16: Plan and Control the Push Zone (Chapter 10)

In step 16, you construct the inventory and capacity planning and control system
used to push inventory into the push/pull boundary. Normally a Demand Forecast
drives the Sales and Operations Plan, which drives a Master Production Schedule,
which drives Materials Requirements Planning; these tools are explained in detail
with examples in Chapter 10: “Inventory Management.” The Ceramic Arts Studio
inventory management is a little different (Table 2.14). The materials used to make the
one-of-a-kind end product are managed by the individual member artists. Because of
the very low shipping volume, a two-bin inventory management method is used for
the packaging materials. Since the packaging distributor’s minimum purchase quan-
tities exceed the calculated lot sizes, the minimum purchase quantities must be used.

Step 17: Plan and Control the Pull Zone (Chapter 10)

In step 17, you ensure the pull zone has sufficient capacity and inventory to sustain
maximized throughput.

B Pull capacity—The DC normally plans to ship one unit per day. There will
be days when there are no orders and no shipments. The DC employee must
have the paid hours to be able to ship at a peak capacity of 4 units in one day,
if necessary, and 21 units for the month.

B Pull inventory—The one-of-a-kind inventory at the push/pull boundary is
what it is. The push/pull boundary must hold a quantity of packaging materi-
als and labels to ship a peak capacity of 4 units in one day and 21 units for the
month until catalogued stock runs out.
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Table 2.14 Ceramic Arts Studio Materials Management

BOM Unit of
Level Item Measure Supplier Planning Method
0 Catalog item Each DC Probabilistic supply
forecast
o Ceramic art Each Member artist | One-of-a-kind
w2 Potters clay Pounds | Member artist | Member artists
| g i manage their own
2 Glaze 1 Pounds | Member artist inventories from
w2 Glaze 2 Pounds | Member artist | their own suppliers
. Certificate of Each Member artist
authenticity
. Shipping carton Each Packaging Two-bin system
distributor Packs of 25
ULINE
. Shipping label Each Packaging One-time purchase
distributor 400 labels
ULINE
. Bubble wrap Roll Packaging Minimum order
distributor four rolls
ULINE
. Sealing tape Roll Packaging Minimum order
distributor eight rolls
ULINE
Indirect Printer paper Ream Office supply | Two-bin system
Staples One ream
Indirect Black printer Each Office supply | Two-bin system
cartridge Staples Two cartridges

Step 18: Plot a Value Circle to Validate Product
Contents Performance Measures (Chapter 11)

In step 18, you plot the bottom half of the Value Circle related to the product
contents. This includes supply chain performance for inventory, vocalize, visualize,
and ROIC. You are looking to validate the Ceramic Arts Studio product contents
construction by answering these three questions: What is the right level of product
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Unit circle

2.5 turns

Inventory

3 days 180 days

8.1%

Vocalize Visualize

ROIC

Figure 2.4 Value Circle for the Ceramic Arts Studio product contents.

inventory, and where is it located? Can you completely visualize the push and prop-
etly vocalize the pull to achieve a competitive delivery lead time? Does the profit
margin from the income statement and the inventory and receivables investment
from the balance sheet support a favorable investment return? Figure 2.4 shows the
Value Circle for product contents with the step 12 through step 17 specification
refinements plotted against the Table 2.11 SCCRS values shown as the unit circle.
Each axis of the Value Circle improves moving toward the origin.

The shipping buffer and the push/pull boundary are one in the same inventory
location. The push/pull boundary is operated with 2.5 inventory turns, as deter-
mined in step 15. The Internet store catalog features an average of 100 ceramic art
items at any time. Vocalize is three (to four) days from the push/pull boundary
depending on the customer’s location and whether the piece is ordered over a week-
end. Visualize is 180 days driven by six months of forecasting to cover the longest
member artist’s lead time. ROIC is estimated to be 8.1% in step 11. The supply
chain construction for product content is now complete.

Step 19: Stabilize Supply Chain Operations
and End the Construction Project (Chapters 11, 12)

In step 19, you stabilize supply chain operations until the required level of perfor-
mance is reached. Then the Supply Chain Construction Project is formally ended
and the project team disbanded. One big challenge with the Ceramic Art Studio
supply chain is the high probability that orders will bunch up into a single day and
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that the DC employee will not have enough paid hours to process all the shipments.
Consequently, a work schedule is set up for the employee to work two hours on
Monday, two hours on Wednesday, and three hours on Friday.

Step 20: Manage Supply Chain Risk (Chapter 12)

In step 20, you assess highly probable risk scenarios that might disrupt your supply
chain network. While the executive committee of the Ceramic Arts Studio can
imagine many problematic external events, these are some example scenarios with
a high probability of causing a business interruption.

B [nventory thefi—The distribution employee is present at the garage only a few
hours a week. The garage building and its inventory must be secured from
theft, when the employee is not present.

B Loss of the garage lease—The owner of the garage decides not to extend the
lease for personal reasons. The Ceramic Arts Studio has to move its DC oper-
ation to another location.

B Website is hacked—A computer hacker attacks the online catalog. The
Ceramic Arts Studio does not have the expertise among its members to
defend against the attack.

B Wind damage—During a high wind storm, a neighbor’s tree falls on the
garage, damaging the building and smashing some of the inventory. The
property should be surveyed and the inventory insured for such a possibility.

In Summary

This chapter introduces and applies the Supply Chain Construction Blueprint to
a forward supply chain network. The case study is a compilation of experiences
designed to demonstrate the application of The Blueprint to a single echelon with
an average throughput of one unit per day. The Blueprint documents the steps
required to connect a market segment with a product. The Blueprint splits the con-
struction project into building a network container and then filling the container
with product contents. Certain steps in The Blueprint are iterative in order to meet
price/landed cost budgets and inventory budgets. The iterations are (1) make it
work, (2) make it work well, and (3) make it work in a flexible and risk tolerant
manner.
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Building Relationships

Successful supply chain relationships depend on more than a carefully worded con-
tract. Experience shows that the single biggest impediment to supply chain success
is the lack of trust between parties. Trading partner relationships are formed when
people decide to do business together and risk trusting each other. Often, the rela-
tionship begins between the most senior people at each company. Over time, these
relationships expand to include more junior people involved in the collaborative
change management that is necessary to build new supply chain network capabil-
ity. This chapter describes different kinds of supply chain relationships and how to
build trust across different business cultures, distance, and time zones.

Staffing the Dream Team

It was their third meeting focused on the new business venture. The quarter had
ended with lousy performance, but at least now, that was history. Alice was back
in the meetings.

Steve arrived a little late, having had to finish a conference call with his boss at
Corporate, “Let’s not do that again anytime soon! I just got my tail handed to me
for such ‘stellar’ performance last quarter. We better make this new venture work,
and work fast!”

Jerry countered with, “Yes, we can make this work. But it will take our best
people and a laser-like focus on our objective.”

Steve turned toward George and said, “George, you seem the most passion-
ate and the most knowledgeable about building this new supply chain. ’'m going
to appoint you to be the executive champion for the Supply Chain Construction
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Project Team. You will mentor them, resolve any resource issues, and be a liaison
back to my staff. OK?”

“It will be my pleasure,” said George. “By the way, who is on our ‘Dream
Team’”

“That’s what we are going to decide right now,” replied Steve. “It seems to me
that Bill, our director of Supply Chain, should head the Dream Team. Don’t you
agree, Tom?”

“What? How am I going to run all of Manufacturing with Bill gone? He could
probably consult with the team, but we need him to keep the store open for our
existing customers,” gasped Tom.

“Yes, I know it’s going to be tough for you...for all of us. We need to put our
best and brightest people on this team. It’s for the future of our division and the
jobs of our employees. So, Bill will be the team leader. Who are other candidates
for the supply chain team?”

Alice spoke next, “Cost Accounting will play a big role in all this. I would like
to add Tony, my best cost analyst, to the team. Tony also has a very good relation-
ship with our Corporate Information Technology Group that could be very useful.”

“Done!” responded Steve. “Who is next?”

“Harry is the product marketing engineer on my team who has done the most
research on uninterruptable power supplies (UPS) and the competition. I want him
on the team,” said Jerry.

“I will put John, a very seasoned hardware engineer who knows quite a lot about
firmware design and instrumentation interfacing on the team,” said Herb.

“Geez, do you think you can spare him with your cast of thousands in engineer-
ing?” complained Tom.

“These are all great choices. Who else?” asked Steve. “I think we need some
more expertise on the business side. Tom, what about Donna in Purchasing? She
seems to be doing an excellent job in supplier management.”

“Oh sure! First you raid my best director. Now you take my best buyer. I know,
I know, it’s for the good of the company. Yes, sure, why not?” replied Tom.

“Tom, please stay a lictle after this meeting,” said Steve. “I'd like to talk with you
about how to backfill for Bill and Donna while they are assigned to this project.”

“Quality is not represented yet. I'd like to see Hank, my quality director, on
the team. But the team already has five members. Hank would make the sixth. It
is best to have an odd number on the team so that their decisions will not become
deadlocked,” said George.

Steve responded, “Let’s stay with five full-time team members for now: Bill, Tony,
Harry, John, and Donna. If they each do a great job, I'm sure this project will go a
long way toward advancing their careers. I'm sure from time to time, along the way,
we will need to supplement the Supply Chain Construction Project Team with a few
part-time contributors, such as Hank in Quality, to consult on specific issues. We
are making good progress this morning. Now, what do we want this team to do?”
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“Well, I think there are several tasks to be quickly completed once we announce
the team to the division,” replied George. “First, the team needs to develop a Supply
Chain Construction Requirements Specification based on our business objective
and the market—product connection we need to make. Then, the team needs to
quickly develop a project schedule with milestones and a project budget. The sched-
ule should be based on the Supply Chain Construction Blueprint and our business
need to be done within the next 12 months. The budget should also be based on the
Supply Chain Construction Blueprint and the resources that Finance believes we
can support. This will probably require some additional funding from Corporate.
Both the schedule and the budget will have to be approved by Steve and this staff.”

“Most of the people on the team have never done this kind of scheduling or
budgeting,” commented Herb. “There are likely to be many missing items and
financial surprises down the road.”

“That’s a good point,” said Steve. “You know that Bill has been a project man-
ager in his past, and Tony has assisted my staff the past couple of years in our bud-
geting cycle. Since George is the executive champion to the team, I'm sure he can
mentor Bill and the others in preparing these plans. We need a particularly strong
plan to be able to convince Corporate to give the division additional funding for
this new project, especially in light of our latest performance. We will have to have
a convincing plan that can achieve at least $10 million in sales the first year before
Corporate will even consider funding us.”

Jerry added, “Another thing to consider early on is how we can communicate
our plan inside the division. This new business venture should help boost employee
morale.”

“We need to be careful about what and when we communicate,” replied Tom.
“We don’t know yet whether Corporate will support the plan. We don’t even know
if the product will be built in this factory. I'd hate to get employees excited about
jobs only to find out the jobs are going elsewhere. That might become the reality.”

“Jobs will definitely be lost if our financial performance doesn’t improve soon,”
Steve reminded everyone at the table. “What do we know about the product, so
far?”

“Based on some work done by Harry, the price point will have to come in some-
where around $500 for the Product 500 UPS,” said Jerry.

“A dollar per watt of protection,” summarized Steve, talking in power sup-
ply terms. “However, I have been thinking about how this business is going to
be fundamentally different than the power supply business. In the power supply
business, our own people build products from parts procured mostly domestically,
then we use our captive sales force to sell, and we ship to customers worldwide from
this location. In the UPS business, we will have to decide where the product gets
built. The sale will be indirect as an add-on sale to a computer server sold in the
Computer Products sales channel. The product will be a coordinated shipment to
a value-added reseller (VAR) before reaching the customer. This is going to involve
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a whole new set of supply chain relationships with the Computer Products sales
channel and the VARs, just to name a few.”

“Yes, and it is quite doable and pretty exciting, if you were to ask me,” exclaimed
Jerry.

Steve closed the meeting, “We need to get on to some other pressing business.
Please get with your people to inform Bill, Tony, Harry, John, and Donna of their
new assignments. George, I need a first pass schedule and budget on my desk 10 days
from now. Thats all for now. Tom, please hang around, I need to talk with you.”

Sign Up for the Journey

There are two overarching business strategies that drive supply chains. One is the
continuous and unrelenting drive to reduce costs through volume consolidation
and the elimination of marginal functionality. The second is the continuous and
unrelenting drive to grow throughput through generations of new products and the
development of new market segments. Cost reduction goals foster single-company,
vertical functional silo responses and are often win—lose. Throughput growth goals
foster multicompany, horizontal, end-to-end responses and are mostly win—win.
The best strategy combines throughput growth with sensible cost reduction. Supply
chain management is more about this journey.

Every supply chain has four stakeholders: the owners, the customers, the sup-
pliers, and the employees. Under a cost reduction strategy, owners and customers
win, while suppliers and employees get squeezed. If a supplier is unwilling or unable
to reduce its pricing, then the supply chain will eliminate that supplier in favor of
some other. If a trading partner needs to slash its cost structure, what better way to
achieve its goal than to reduce headcount? Or, the trading partner may decide to
outsource its production to a country with a lower labor rate, which will cause job
loss back home.

Under a throughput growth strategy, the supply chain network has to improve
end to end. Suppliers win by retaining their network-generating revenue. As
the business matures, employees learn how to be more adaptable and flexible.
Employees win not through job title guarantees but rather through employment
guarantees. Customers win by taking reliable, on-time delivery of value-adding
products. Owners win because throughput means revenue, and revenue means
earnings, and earnings mean appreciating stock value.

Whether you are building a new supply chain from scratch, enhancing an exist-
ing profitable business, recycling spent product in an environmentally responsible
way, or terminating a supply chain to close up shop, the way you decide to manage
relationships can make or break your business objective. You and your team need
to sign up for the journey, paying close attention to human relations issues, while
following the Supply Chain Construction Blueprint in this book.
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Know When to Start and End a Supply
Chain Construction Project

Supply chain construction projects are commissioned to improve, or to at least
maintain, business performance measures. You may have built a new supply chain
network and filled it with inventory, but how do you know you are getting its
best performance? You may have successfully combined two supply chains when
your company acquired another company; but how do you know this supply chain
merger still delivers a competitive performance? A supply chain that is designed on
paper and constructed by the project team needs to be validated in practice. The
carlier this can be done, the lower is the business cost of having to rework the proj-
ect to gain customer and management satisfaction.

Supply Chain Life Cycle Event Triggers

The start of a supply chain construction project is triggered by a life cycle event.
Life cycle events occur all the time in supply chains. The most common life cycle
event triggers are listed in Table 3.1. Some triggers, such as adding a new product
or adding a new market segment, drive short, lightly staffed projects. Other event
triggers, such as starting a new business or outsourcing a product line, drive longer,
more heavily staffed projects. All too often, multiple small events pass unnoticed,
and they are not acted upon until there is some crisis. Each and every life cycle
event listed in Table 3.1 has the potential to trigger a new supply chain construc-
tion project.

How to Get Started...Ask These Three Questions

Once you have identified that a supply chain life cycle event trigger is eminent, you
need to quickly decide how to respond. Answers to the following three key ques-
tions will start you down the right patch.

1. Will any product shifts occur that require adding/subtracting suppliers and
adding/subtracting inventory items at inventory locations from the supplier
echelon to the push/pull boundary echelon?

This is a small supply chain construction project starting from an exist-
ing operational supply chain. It can probably be handled by two persons
working part-time for a few months. Compare the “as-is” composite bills of
materials (BOM) with the “to-be” composite BOM and make the required
network container and product content adjustments. Do not forget to adjust
the forecast and demand information connections. Then use the Value Circle,
described in Chapter 11: “Performance Measures,” to validate that each per-
formance measure is back on track, as the project is completed.
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Table 3.1

Supply Chain Life Cycle Event Triggers

Start to Growth

Mature

Decline to End

Begin a supply chain

End a supply chain

Enter a market segment

Switch market segments

Exit a market segment

Add a product

Rollover a new product
generation

Obsolete a product

Add a service

Rollover to a different
service

End a service

Acquire a product line

Due diligence for an
acquisition

Divest a product line

Implement an enterprise

resource planning informat

ion system

Change a pricing
strategy

New competitor enters
the market

Substitute a trading
partner

Outsource

Offshore

Insource

Reshore

2. Will any market segment shifts occur that require expanding/reducing a

delivery channel and adjusting inventory from the push/pull boundary ech-
elon to the end-customer echelon?

This is a small supply chain construction project starting from an existing
operational supply chain. It can probably be handled by two persons working
part-time for a few months. Compare delivery coverage to the “as-is” market
segment with delivery coverage to the “to-be” market segment and make the
required network container and product content adjustments. Do not forget
to adjust the forecast and demand information connections. Then use the
Value Circle, described in Chapter 11: “Performance Measures,” to validate

that each performance measure is back on track, as the project is completed.

3. Are more radical changes required to the network container or the product

contents?
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Figure 3.1 Example supply chain echelon map.

This is a large supply chain construction project. It will probably require a
team with several people working full time for at least six months. This may
be the start-up of a brand new supply chain. Otherwise, start by document-
ing the “as-is” supply chain map and performance measures. Figure 3.1 is
an example Supply Chain Echelon Map. Fill in the names of the suppliers,
factories, distributors, and retail stores with the cities and countries where
they are currently located. This is your baseline. Now draw a second Supply
Chain Echelon Map of the “to-be” supply chain, for example, the supply
chain for a company to be acquired. You may decide to smash the two sup-
ply chains together, taking the best parts of each. In some cases, the extent of
the changes will make the project look like building a new supply chain from
the ground up. Use the Value Circle, described in Chapter 11: “Performance
Measures,” to validate that each performance measure is back on track, as the
project is completed.

Organize the Supply Chain Construction Project

A supply chain construction project involves three sets of relationships: (1) relation-
ships within the project team, (2) relationships among the project team members
and other employees in the parent organization, and (3) relationships among the
project team members and the external network trading partners. This section looks



74 ®m  Supply Chain Construction

at the inner workings of the project team. Later sections in this chapter address
building trust within the parent organization and with external trading partners.

Project Objective

Each supply chain construction project should have in writing a simple, highly
focused objective. Avoid combining multiple objectives because this only serves to
defocus the team and delay project completion. The best project objectives are just
one sentence. The objective should be actionable and measurable. If the objective
is too ambitious, narrow the scope. It is often better to conduct several sequen-
tial, high-impact projects than one massive and unachievable project. Check that
the Supply Chain Construction Requirements Specification is consistent with the
objective. Here are some examples: “Deliver product from stock to customers in
the tri-state area by February 28th.” “Complete the merger of the newly acquired
Midwest supply chain with the current North East supply chain by the end of the
third quarter.” “Implement a reverse supply chain network for the product line
within the European Union before May 1st.” “Rationalize the product line sup-
ply base down to 150 suppliers over the next eight months.” “Close the Allentown
warehouse, and prepare the property for sale by August 31st.”

Project Statement of Work

The project statement of work (SOW) sets the context and limits the scope of a
supply chain construction project. It puts in writing what the project “is” and what
the project “is not.” The SOW document should be no more than one or two pages.
The Project Objective, the Project SOW, and the Supply Chain Construction
Requirements Specification must all be consistent. The purpose of the SOW is to
prevent scope creep, which can keep even the best project team from ever com-
pleting their task. The SOW is used by the project champion executive to secure
approval for the project. For example, “This five-person, 10-month project IS
the North American introduction of Product Line A; this project IS NOT the
introduction of Product Line A into Europe and Asia.” Another example, “This
seven-person, eight-month project IS the integration of the 15 products from newly
acquired Company Z; this project IS NOT the redesign of the next generation of
Company Z products.”

Project Team

The supply chain construction project is run by a Supply Chain Construction
Project Team. The project manager is most often appointed by a senior executive
from one of the trading partner companies, who thereafter acts as the project cham-
pion executive. This person understands the strategic importance of supply chain
management and has secured project approval from the executive team. The project
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champion executive must keep the enthusiasm for the project and the parent orga-
nization’s trust of the team intact for the duration of the project. The project cham-
pion executive should facilitate a celebration at the successtul completion of the
project and ensure that each of the project team members is properly recognized
and rewarded.

The project team should have an odd number of full-time core team members
supplemented by some number of part-time contributors. A small company might
have a three-member core team, while a large company might have a seven-member
core team. Decision making and achieving forward momentum become more dif-
ficult beyond seven members. When the project team votes on alternative courses
of action, the project manager breaks the deadlock.

The core team is appointed from among your best employees. This can put a
burden on keeping the store open during the time it takes to complete the supply
chain construction project. You may not have people in the company knowledge-
able in each of these areas listed below. If this is the case, then it will be necessary to
either educate an interested employee or seek outside consulting services. Core team
members are not expected to do all the work in each of their respective areas, but
rather to understand all the work and “connect the dots.” As the volume of project-
related work builds, part-time contributors will be tasked with shore-term, specific
jobs. Here are the suggested roles and focus for each core team member. Core teams
in smaller companies may find that they have to combine role responsibilities.

B Project champion executive—Secures executive approval for the project, men-
tors the project manager, helps the team secure the necessary parent com-
pany resources, and ensures team member recognition and reward upon the
completion of a successful project.

B Project manager and logistics specialist—1Leads the team to a successful on-time,
on-budget project conclusion. Focus is on cost-effective inbound, midbound,
and outbound logistics solutions, warehousing requirements, and import/
export regulatory compliance.

B [nformation technology specialist—Focus is on implementing changes to the
information technology hardware and application software, software licens-
ing, data file reconfiguration, and data cleansing.

B Demand relationships specialist—Focus is on downstream implementation of
new market segmentation, new channels of distribution, demand forecasting,
and customer order management.

B [nventory management and planning specialist—Focus is on the BOM, locat-
ing the push/pull boundary, network capacity constraints, product groupings,
push planning and control, pull planning and control, and data integrity.

B Supplier relationships specialist—Focus is on upstream implementation of
the supply base, commodity management, supplier pricing contracts, sup-
plier order management, ISO Quality compliance, and Conflict Minerals
compliance.
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B Finance and accounting specz'a[ist—Focus is on the general ledger, new accounts
receivable, new accounts payable, product cost accounting, perpetual inven-
tory records, cash flow planning, business control, and Sarbanes-Oxley
compliance.

B Product engineering specialis—Focus is on intellectual property protection,
introduction timing, supplier requirements, inventory requirements, distri-
bution requirements, and ISO Environmental Management compliance for
new product introductions and old product obsolescence.

There is a high probability that your supply chain construction project will
involve information technology consulting services. This is often the case when the
project involves the deployment of a new software application. The consultant(s)
should report to the project manager and participate in the team discussions,
but not the team decisions. While consultants have a wealth of information to
bring to the party, consultants represent technology companies or themselves and
not always the best interest of the client. Always remember to ask what each new
requirement is going to cost to implement and to maintain before agreeing to let a
consultant implement it.

Project Timeline with Milestones

Successful projects have aggressive timelines and many intermediary milestones.
Timelines are like shooting with a rubber band. If the project schedule is too easy,
the rubber band is limp and nondirectional. If the project schedule is unreasonably
aggressive, the rubber band is pulled past its breaking point. If the project schedule
is properly aggressive, the rubber band is stretched and aimed toward the target.

Any project has three degrees of freedom: calendar time, dollars, and staffing
resources. You never want to be in a situation where all three degrees of freedom are
constrained. If the end date and a dollar budget are set, then you want to be able
to negotiate additional staffing. If the end date and the project staffing are set, then
you want to be able to negotiate additional budget.

Projects come from a set of high-level deliverables completed against a dead-
line. High-level deliverables are completed as a series of related lower level tasks get
completed. The tasks form the basis of defining a set of milestones. For example,
a prototype unit (deliverable) can be built only after a parts list is documented
(milestone), after all materials are in stock (milestone), and after a workstation is
outfitted (milestone). Milestones should be defined for each project team member
to occur in roughly two-week intervals. When a project team member works longer
than two weeks, it is too easy to spend a critical resource with no measureable result.
A five-person project team on a six-month project will have 60 to 70 milestones.
A milestone is a task assigned to one person with a knife edge “done/not done”
measureable result. Milestones need to indicate completed tasks and not activity.
For example, a meeting is an activity that consumes resources often without any
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measureable results. On the other hand, installing the server and successfully load-
ing the application software, or signing a supplier pricing contract, or building
the first five prototypes at the contract manufacturer are each task completions.
Progress against the project timeline is measured by the number of milestones com-
pleted. Here is a simple way to develop a project timeline with milestones:

1.

Write the project objective—The project scope and the deadline are explicit in
the objective.

. Define the set of high-level deliverables needed ro complete the project—A supply

chain network modification might require a new factory or a new delivery
channel. A new product introduction might require a new pricing contract
or the placement of new product inventory. An enterprise resource plan-
ning system enhancement might require hardware and software performance
testing.

. Assign one core team member to each deliverable—A deliverable is something

physical within the expertise focus of the core team member. For example,
logistics could have a deliverable of a signed competitively priced freight con-
tract; supplier relationships could have a deliverable of a first piece delivery;
and inventory management could have a deliverable of every stock keeping
unit (SKU) in stock at the push/pull boundary. Assign only one person to be
responsible for each deliverable.

. Map tasks to deliverables one by one—Take each deliverable one at a time.

Develop the sequence of tasks spaced every two weeks that connects where
you are today with where you need to be to complete the deliverable (see
Table 3.2). You now have one person responsible for a sequence of measurable
tasks, which, when completed, will yield the deliverable.

. Determine the critical path—The Critical Path Method (http://www.project

-management-skills.com/critical-path-method.html) or the Program Evalua-
tion Review Technique (http://www.netmba.com/operations/project/pert/)
can be used to determine the critical path and probable time to complete a
supply chain project (Figure 3.2).

. If the critical path calendar time comes before the deadline—Plan to complete

the project early. This gives the project team a time buffer to still complete the
project on time should some unanticipated difficulty arise.

. If the critical path calendar time comes after the deadline—This is the more

likely scenario. First, critically review the effort and calendar time assigned to
each task to ensure reasonable time estimates. Second, apply your remaining
degree of freedom, such as applying extra resources or applying extra money
to achieve a time compression along the critical path.

. Track progress weekly—Review the successful completion of each mile-

stone for each of the deliverables on a weekly basis. Share progress with
the whole team. When a noncritical path milestone is missed, ask how this
might impact the completion of any other deliverable. When a critical path
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Table 3.2 Assign Team Members to Deliverables

First | Second | Third | Fourth Fifth Sixth | Seventh
Week Week Week | Week | Week | Week Week

Sequence of Tasks for Team Member A to Complete Deliverable A

Person A Task Task Task
Al A2 A3

Deliverable A

Sequence of Tasks for Team Member B to Complete Deliverable B

Person B Task Task Task Task
B.1 B.2 B.3 B.4

Deliverable B

Sequence of Tasks for Team Member C to Complete Deliverable C

Person C Task Task
C.1 C.2

Deliverable C

Deadline

Week10 | Week1l | Week12 | Week13 | Week14 | Week15 | Week 16
Person A TaskA.l | ——————F—> | Task A2 —> | Task A3
Deliverable A ™S
Person B Task B.1 —> | TaskB.2 Task B.3 —> | TaskB.4
Deliverable B
Person C Task C.1 —> | TaskC.2
Deliverable C

Figure 3.2 Schedule and connect task interdependencies to meet the
deadline.

milestone is missed, ask how the team can recover and still make the origi-
nal deadline.

9. Allow sufficient time at the end of the project to demonstrate and validate sup-
ply chain performance—Remember that it will take significant time, perhaps
months, to prove that the results of your project really meets its intended
objective.

Project Budget

Detailed information about how to budget and fund a supply chain construc-
tion project is presented in the next chapter, Chapter 4. The project manager
needs to track actual expenditures against the project budget along with tracking
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the actual milestone completion against the project schedule. The goal of this
tracking is to eliminate surprises and gauge completion. The tracking should
be reviewed periodically with the entire project team and the project champion
executive. If the project comes under budget pressure, then try to bring one of
the other degrees of freedom to bear. For example, if the run rate of expenses is
too high, perhaps the project can be conducted with leaner staffing working a
longer time.

Build Strong Project Team Relationships

The project champion executive and the project manager have the added respon-
sibility to build strong project team relationships among the core team members.
Project work can be intense and frustrating, particularly when the project deadline
is tight and, when in a smaller company, the core team members are also expected
to maintain day-to-day operational responsibilities. Good team chemistry goes a
long way toward providing motivation and satisfaction during a project.

The project champion executive needs to convince the team that the company
believes in and is counting on the successful completion of their project. This needs
to be repeated throughout the duration of the project. The project champion execu-
tive has a cheerleading role, whipping up excitement about the project and what it
will enable the company to achieve, when it is completed. The project champion
executive should facilitate core team celebrations as key intermediate goals are com-
pleted. The project team should come to know that the project champion execu-
tive will help them to knock down internal company barriers that are impeding
progress.

The project manager must embody the core values of the team: respect for the
individual, integrity, and trust. The project manager needs to be a bit of a strategist,
able to integrate mature experience with youthful enthusiasm. A good project man-
ager knows how to take cross-functional input from team members and others to
arrive at alternative ways of accomplishing a difficult task. A good project manager
embraces diversity and tolerates constructive conflict. The project manager drives
the project schedule, making sure the next set of tasks are underway. The project
manager should be anticipating any required change in project resources and com-
municating the change through the project champion executive.

Educate and Train

A supply chain network construction project is unlike any other project because its
success depends so heavily on the actions of others outside your company. There
are times when the external trading partners, other employees in the parent orga-
nization, and especially members of core project team can benefit from education
and training. What is the difference between education and training? Education
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is the “why” you need to know about some aspect of supply chain construction.
Education involves learning. Training is the “how” you go about doing some aspect
of supply chain construction. Training involves practice.

The following are key to educating and training the supply chain construction
project team, other employees in your parent company, and the trading partners in
your network:

B Common vocabulary—The APICS Supply Chain Council’s Supply Chain
Operations Reference model, or SCOR, provides an industry standard for
benchmarking and best practices. It is available through http://www.apics
.org/sites/apics-supply-chain-council.

B 7he SCOR model—The Supply-Chain Council’s Supply-Chain Operations
Reference model provides an industry standard for benchmarking and best
practices. It is available through http://www.supply-chain.org. Note: APICS
and the Supply-Chain Council merged in 2014.

B Principles-based education— “How” training without “why” education is insuf-
ficient. Education is the best vehicle to learn about the end-to-end dynamics
of a supply chain network and the global business processes used to operate
it. The 5V Principles of Supply Chain Management developed in my ear-
lier book, Supply Chain Architecture: A Blueprint for Networking the Flow of
Material, Information, and Cash, provide education on throughput as a busi-
ness strategy. The 5V Principles are used to make real-time, operational deci-
sions that maximize throughput. Given a choice, you will always improve
throughput by making a decision favoring higher cash-to-cash velocity
and lower cash-to-cash variability. Given a choice, you will always improve
throughput by making a decision favoring vocalization to pull the right mix
of customer ordered inventory and visualization to push the right rate of fore-
casted inventory. The 5V Principles are shown:

—  The value principle—Every stakeholder wins when throughput is maximized.

— The wvelocity principle—Throughput is maximized when cash-to-cash
velocity is maximized by minimizing network cycle time.

— The variability principle—Throughput is maximized when cash-to-cash
variability is minimized by minimizing network variance.

— The vocalize principle—Throughput is maximized by pulling the right
inventory out of the push/pull boundary to match actual demand.

—  The visualize principle—Throughput is maximized by pushing the right
inventory into the push/pull boundary from a supply forecast.

B Task-focused training—Likewise, “why” education without “how” training
is insufficient. Training is the best vehicle to learn and practice narrowly
focused functional tasks. Organizations such as APICS offer programs certi-
fying member in such training.
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B Conference room pilots—A conference room pilot is a manual walk-through
of a business process. The participants follow a process flow map according to
their assigned role under the direction of a moderator. The moderator directs
the action along the process path, facilitates discussion and conflict resolu-
tion, and records when and where the process lacks adequate definition. This
facilitates each participant being able to practice his/her role, while he/she
gains an appreciation for each of the other roles. Everyone learns what infor-
mation gets passed in what sequencing among the roles. Conference room
pilots are usually conducted first on paper, then later using the real applica-
tion software.

B Simulation games—Supply chain networks are complex, interrelated, and
dynamic systems. It is not intuitively obvious what will happen to the cus-
tomer or the owner or the supplier or the employee stakeholder when one or
more variables are changed. Games, like the MIT Beer Game, provide a
no-regret way to practice and learn new skills. The MIT Beer Game is avail-
able through http://supplychain.mit.edu/games/beer-game.

B Regulatory compliance—Supply chain management has to deal with many
forms of regulatory compliance and industry standard certifications, such
as import/export regulations, Customs-Trade Partnership Against Terrorism
(C-TPAT) certification, ISO Quality certification, Conflict Minerals, Sarbanes-
Oxley and ISO Environmental Management certification, and more.
Training for specific regulations and certifications can be found on govern-
ment websites; this is a fertile ground for consulting services. ISO standards
are available through http://www.iso.org/iso/home/standards.htm.

Build Trust within Parent Organization Relationships

Each of the core project team members has come from a functional department
within the parent organization. Each of these persons comes onto the team with
personal relationships, with unique education and experience, with predispositions,
and with some bias.

Wherever there are people, there are politics. The motivation for politics may be
personal power, prestige, influence, wealth, or something else. When the objective
of the supply chain construction project happens to align with someone’s political
motivation, things go well. When the objective of the supply chain construction
project does not align with a person’s political motivation, things can go badly. The
“T” factor, trust, can creep into a person’s reactions or their conversation, as in, “I
don’t trust you.” Trust issues can occur between core team members and the par-
ent organization at both the managerial level and the employee level. If left unad-
dressed, trust issues can derail a supply chain construction project.
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Organization Charts and Politics

Organizational structures vary depending on a company’s headcount and on its
trajectory along a business life cycle. Two common organizational structures are
the functional hierarchy and the matrix organization. Under a functional hier-
archy, each functional area, marketing, engineering, operations, finance, etc., is
a vertical silo, with direct employees reporting to supervisors, supervisors report-
ing to managers, managers reporting to directors, and directors reporting to vice
presidents. Decision making is mostly top—down, and there are strict protocols for
cross-functional communication. Under a matrix organization, the columns are
functional areas, marketing, engineering, operations, etc., and the rows are prod-
uct lines. Here, each product line gets a complete cross-functional team with easy
cross-functional communications and mixed top—down with bottom—up decision
making. A matrix organization has limited communication between product lines,
and it may require “split personalities” for support functions like finance, informa-
tion technology, and human resources. It is not unusual for a company to alternate
from matrix to hierarchical to matrix to hierarchical over its business life cycle.

Politics is about the separation of what someone controls, what someone does
not control but can influence, and what is totally out of someone’s control. The
object of control may be a human resource, time, budget dollars, or strategic direc-
tion. For example, if a department is forced to give up a critical person to the project
or to take on incremental project work in an already overtasked environment, the
department manager will not be politically supportive of the project. Sometimes,
scarce budget dollars are diverted from a functional area’s pet project to the sup-
ply chain construction project. Turf wars may ensue, draining energy from the
project team. Project goals, resource allocations, project deadlines, and department
budgets are set in fundamentally different ways in a functional hierarchy versus a
matrix organization. Top—down directives versus bottom—up consensus often sets
the tone for the political environment in the parent company. Try to understand
from the other person’s perspective what they feel is out of their control and what
they are attempting to influence that may run counter to completing your supply
chain construction project.

A Clash in Cultures

Every parent organization has its own culture and its own way of doing business.
A technology start-up hired the best and the brightest immigrant engineers from a
diversity of countries, supporting their move from green card to US citizenship sta-
tus. The company culture was like a family. All of these bright people had a say in
major technical product decisions. Technical alternatives were debated thoroughly,
with good decisions made quickly. There were quarterly family picnics, employees
went biking together at lunch, and the employees’ children were welcome in the
office. As the company grew in the marketplace, it was acquired for its technical
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expertise by a much larger company, and it moved to a new location. The new
company culture was hierarchical, technically inferior, and dominated by finan-
cial considerations. Employees from the start-up now reported to the management
structure of the larger company. The larger company was in the throes of imple-
menting tight business controls to come into compliance with Sarbanes—Oxley.
Employees outside a given project were discouraged from giving input on other
projects. The family culture was stifled. There was no place in the new office space
to store bicycles. One by one, top engineers from the start-up left for other oppor-
tunities. The acquisition to acquire technical talent resulted in a poor return on
investment because of the misunderstood culture clash.

Supply chain construction projects, by their very nature, are disruptive to the
status quo. The whole point of the project is to radically improve the business.
Sometimes, the project team will specify a new software application or a new busi-
ness process that appears counter cultural to the parent organization. Nothing is
outwardly expressed, but there is passive resistance among employees. People feel
they have not been involved and have not been informed; they do not own the
change. People own change when they can be a party to and have input into mov-
ing from the “as-is” to the “to-be.” One way to accomplish this is to have the supply
chain construction project team create the “as-is” and “to-be” process maps and
then facilitate town hall meetings for all the other employees. Educate the other
employees about the project objective, the reasons behind the changes, and the
nature of the changes. Explain to the other employees how and when they will be
trained. Solicit their inputs before closing the “to-be” specification. In large com-
pany settings, outside change management and communication consultants may
be attached to the project team.

Supply Chain Construction Project Communications Plan

The communications plan is an often overlooked responsibility of the supply chain
construction project team. Good communications go a long way toward winning
employee buy-in, blunting managerial politics, and achieving the necessary shift in
business culture. Good communications help the parent organization take pride in
the successful completion of the supply chain construction project.

A communications plan has two parts: content and delivery. Content comes
from the project objective, the core team, and progress against the project mile-
stones. Content covers the what, why, when, who, and how. Delivery should be
repetitive and by as many means as possible. People need to hear some messages
over and over again before they really “hear” it. People are attentive to different
media such as meetings, bulletins, newsletters, e-mail, blogs, social media, web-
sites, and personal testimony. The best communications plans deliver consistent
messages repeatedly and regularly through several different channels. Table 3.3
shows the outline of a typical communications plan, including a blog feature where
employees can respond and ask questions of the project team.
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Table 3.3 Communications Plan Framework

Delivery Method

Date Contents Meeting | Newsletter | E-mail | Blog
1 Start Commission the Team X X

What, Why, Who, When
2 What, Why, Progress X X
3 What, Progress, When X X
4 Overcoming Obstacles X X
N What, Progress, When X X
N+1 Review the Results X X
End Celebrate Success!

Develop Network Relationships

The Supply-Chain Council has taken the analysis of a network down to the pro-
cess level within their hierarchical SCOR model. At level 1, the SCOR model uses
process types PLAN, SOURCE, MAKE, DELIVER, RETURN, and ENABLE
to describe a supply chain network. From there, network processes are refined into
ever more detail through level 2 process categories, level 3 process elements, and
level 4 activities. The SCOR model was developed to be able to compare networks
across industries to identify and benchmark best practices. This book uses the level
1 SOURCE, MAKE, DELIVER, and RETURN terminology to position relation-
ships within the network.

The set of required supply chain relationships begins with an understanding
of the nature of your supply chain. Is your supply chain a forward network that
builds and delivers for-revenue products to a market segment? Does your supply
chain include a service component that creates and delivers one-time or recurring
for-revenue services to a market segment? Or is your supply chain a reverse network
that collects products from a market segment to be repaired, remanufactured, or
recycled for a profi? Some businesses have simple supply chain networks, while
other businesses have complex supply chain networks. When the business needs
both a forward and a reverse network, the project team is well advised to execute
two separate supply chain construction projects. In such a case, there should be two
sets of Supply Chain Construction Requirement Specifications with two separate
project timelines and two separate project budgets.
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Understanding Network Vocabulary

Before going too much further, you need a working vocabulary to be able to read
The Blueprint correctly. You need to understand whether the construction is pro-
gressing upstream toward the seller or downstream toward the buyer. You need to
understand whether the context applies to a single, specific trading partner or to the
entire end-to-end network. This book uses the following vocabulary to orient you
to the correct supply chain context:

B Supply chain node—This is any self-contained organization within a supply
chain. Examples of nodes include suppliers, contract manufacturers, facto-
ries, distributors, postponement centers, service providers, VARs, retail stores,
customers, accumulators, separators, remanufacturers, recyclers, and more.

B Supply chain arc—This is any connection between two nodes. Arcs include
logistics connections carrying materials, information technology connections
carrying information, and financial connections carrying cash.

B Trading partner—A trading partner is any independent organization buying
from an upstream echelon and selling to a downstream echelon, while con-
ducting the majority of its business within the network.

B Upstream—This is the location of the seller. Cash flows upstream to the
seller.

B Midstream—This is the connection between the factory and the distributor.

B Downstream—This is the location of the buyer. Material flows downstream
to the buyer.

B Echelon—An echelon is an independent business organization that buys
upstream and sells downstream.

B Series—Nodes that chain together from left to right are in series. For exam-
ple, a supplier feeding a factory feeding a distributor feeding a retail store
feeding a customer are all in series.

B Parallel—Nodes that stack top to bottom within the same echelon are in
parallel. For example, three suppliers each feeding the same factory are in
parallel.

Forward Network Relationships

The forward network examples in this book are focused on discrete manufactur-
ing. The most basic forward network consists of a raw material supply, suppliers to
SOURCE components, a factory to MAKE the product, a distributor to DELIVER
the product, and many customers. From here, forward network construction may
be made more complex for different purposes as shown in Figure 3.3. Product
BOM complexity may cause additional breadth and depth to be added upstream
of the factory. A proliferation of different demand channels may cause additional
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Figure 3.3 Supply chain echelon maps of forward networks for different pur-
poses. C = customer; DC = distribution center; F = factory; P = postponement;
R = retailer; RM = raw materials; S = supplier.

breadth and depth to be added downstream from the factory. Each column in the
network map indicates an additional echelon in the supply chain.

B For high volume—Parallel independent factories may be used to multiply the
network throughput capacity. For example, the apparel industry faces at least
four short-duration fashion seasons a year, yet it has to deliver a high volume
of the latest fashion to all of its retail stores.

B For high mix—High mix can be achieved by combining a factory and post-
ponement center together in the same building. For example, a window manu-
facturer postpones the installation of specialty hinge and latching hardware
for its custom window manufacturing in the same production space.
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B A deep supply base for a complex product—Products with multi-level BOM:s list-
ing hundreds of components from dozens of suppliers require several upstream
echelons in their supply base. For example, an electronics manufacturer build-
ing a spectrum analyzer might have 15 to 20 levels in the product BOM.
Suppliers closest to the factory are often named “Tier One” suppliers and
given the role of managing each of the upstream suppliers that feed into them.

B Parallel delivery channels to reach a complex market—Market segments span-
ning large geographical areas containing populations in the millions require
extensive networks with multiple parallel distribution centers (DCs) and large
numbers of retail stores. For example, fast-moving consumer goods businesses
such as a grocery might employ 20-50 DCs and 5,000-10,000 retail stores.

Service Network Relationships

Revenue-generating services typically provide highly skilled labor and/or access to
customized information to the customer in exchange for a cash payment. Service
networks are usually customer facing and include relationships that provide:

B One-time service revenue—For example, installation or training service.

| Recurring subscrz'ptz'on service revenue—UFor example, a website data service.

W Repair and equipment maintenance—For example, preventative maintenance
of engines and pumps.

Reverse Network Relationships

The basic reverse network accumulates returned products, called “cores,” modi-
fies the core through remanufacture or value-subtracting processes, and redistrib-
utes the result to an aftermarket and/or through environmental stewardship. The
reverse network configurations detailed throughout this book are shown in Figure
3.4. The basic network changes depending on the purpose of the supply chain being
repair, remanufacture, or recycling. Each column in the network map indicates an
additional echelon in the supply chain.
Examples of for-revenue reverse networks include the following:

B Send—repair—return—DProduct repair and/or calibration. For example, a busi-
ness that repairs and calibrates digital voltmeters, frequency generators, and
other electronic test equipment.

B Collect—remanufacture—resel/—Product remanufacturing for an aftermarket
segment. For example, a business that refurbishes engine parts for motorcycles.

B Collect—disassemble and separate—recycle—Spent and/or defective product
accumulation, disassembly, and recycling. For example, a business that col-
lects obsolete personal computers, disassembles them, and recycles the plas-
tic, aluminum, copper printed circuit boards, and glass displays.
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Figure 3.4 Supply chain echelon maps of reverse networks for different pur-
poses. AC = accumulator; AM = aftermarket customer; C = customer; DIS =
disassembler; REC = recycler; REM = remanufacture; REP = repair; RM = raw
materials; S = supplier; SEP = separator; SM = smelter; W = waste.

Build Trust with External Relationships

There are time, distance, and cultural differences between the relationship of the proj-
ect team with its parent organization and the relationship of the project team with its
other trading partners. The people within external trading partner organizations are
not as readily available. You cannot just walk down the hall to be face to face with the
other person. When you pick up your phone or type at your keyboard, you may have
to wait half a day for the other person to come online. When you layer on top of time
and distance the high probability of cultural differences and language barriers, there
is no wonder trading partner communications and trust are so difficult.
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Trading Partner Communications

The first weekly teleconference between the factory in New Jersey and the supplier
in Germany was held on March 19. New Jersey initiated the call at 11:00 a.m.,
which was 4:00 p.m. in Germany. The same teleconference was held on March 26.
On April 2, New Jersey initiated the call at 11:00 a.m., but the phone rang and rang
and rang in Germany. Finally, the night guard at the supplier responded saying it
was after 5:00 p.m. and the company had gone home for the evening. Daylight sav-
ings time in Europe changes later than in the United States.

It is easy to misinterpret international communications and to miss interna-
tional deadlines, as the following suggests:

B English to metric dimensions—Length 45 inches is 1,143 millimeters; date
March 6, 2014 is 6.3.14; weight 265 pounds is 120.4 kilograms.

B Currency conversions—$2,000.00USD is equivalent to 1,545.60 Euros.
Currency conversion is dynamic, with exchange rates constantly changing.

B Language—Local language dialects and idioms sometimes cloud the mean-
ing of spoken and written language.

B E-mail—Write one question per e-mail, and ask for an acknowledgment.
When there are several questions, send several e-mails, each with a different
subject line.

B Holidays—Holidays in multicultural countries like Malaysia include Vesak
Day, Hari Raya Puasa, National Day, Hari Raya Haji, Deepavali, and many
others.

B Regional vacation times—Many countries in Europe take the whole month
of July for vacation; Chinese New Year runs nearly two weeks. Factories are
closed during these periods.

B World time zones—Local time relative to Greenwich Mean Time. When you
are doing business globally, it is important to organize your day around the
windows of time you will be able to speak with folks in Europe and with folks
in Asia.

Bridging Cultural Differences

It is difficult to earn someone’s trust if you have never met face to face and have
never experienced their culture. Relationships with strategic trading partners, such
as contract manufacturers and distributors, often start from a personal relation-
ship between two senior executives who have met sometime in the past and have
shared some experience. This mutual respect relationship is bound by their personal
relationship and a sense of shared business values. In their global travels, they have
probably visited and sampled each other’s cultures. But as the relationship is shifted
to underlings, the new faces have neither the personal bounds nor the cultural
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appreciation held by their executive. There may be no budget allocation to travel
to a foreign site. Still, there are several important steps that can be taken to bridge
the cultural gap.

B Always be polite and respectful.

B Give the other party a face-saving “out” when they do not know or cannot
answer.

B Do what you say you will do in the timeframe promised.

B Ask for an acknowledgment on each communication that restates the
question.

B Wherever possible, include photos with textual instructions.

B When documents are translated, employ a “round-trip” translation; compare
the reverse translation with the original document.

B Develop a second independent information path to confirm what you are
hearing from the first path.

B Dicture books from your area of the United States make good presents.

B Look up reference books on their country in the children’s section of a public
library. Such books cover food, dress, customs, and a language lesson in a few
pages with lots of pictures.

B At the end of each teleconference or video conference, spend a few minutes
on the phone or video link learning about their culture.

B Ifac all possible, travel to share a meal face to face at their location.

B Learn a few words in their language.

A global manufacturing company deployed several international procurement
organizations (IPOs) to countries having strategic sources of supply. One such IPO
team consisting of a buyer, a materials engineer, and a logistician was in Singapore
to facilitate understanding local laws, customs, and logistics infrastructure for
material moving from Malaysia, Thailand, Vietnam, and Singapore to the United
States. When a division of the company asked a certain contract manufacturer in
Malaysia if a product shipment had been made, the answer came back as “yes.”
But the IPO had visited the contract manufacturer just the day before and had
learned of a production hold. Furthermore, the IPO had not yet received copies
of the ocean freight manifest from the forwarder. In fact, the product had not left
the factory. In the Asian culture, “yes” means that your question was heard but not
necessarily that the answer to your question is yes. The parallel information path
from the IPO was invaluable in setting the right expectations for the real delivery
date into the United States.

Some Common Causes of Mistrust

Certain issues will absolutely trigger a lack of trust from your trading part
ner, whether they are international or domestic. The first is concerned with the
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probability of getting paid. Perhaps, the buyer and seller found each other through
an Internet search. When the two parties have never met face to face and have never
done business together, the buyer usually questions the quality and delivery of the
goods and the seller usually questions the amount and receipt of the payment. The
buyer requests samples or a supplier visit. The seller requests prepayment or a letter
of credit. A letter of credit places the full payment with a third-party bank until
the product delivery is confirmed. It is important to separate what the seller and
buyer control versus what is out of control of the seller and buyer. Sometimes, a
lack of trust gets built on an issue that is out of the control of both the seller and
buyer; chis is unfortunate. For example, neither party controls inflation or currency
exchange rates or fuel surcharges or import quotas or duties or extreme weather
conditions.

A second lack of trust trigger is the way you and the trading partner handle intel-
lectual property. Much of the time, it is your intellectual property that the trading
partner pledges to not steal. Sometimes, it is the intellectual property owned by the
trading partner that you pledge to not steal. Intellectual property is normally cov-
ered first by a nondisclosure agreement (NDA) and later by a pricing contract. The
NDA specifies that neither the signatory nor any of their employees will leak the
information. Patents become problematic because they can be researched through
public websites. For this reason, some very valuable inventions and trade secrets are
never patented or registered. Engineering conversations with salespeople and pro-
duction line visits by suppliers have been known to divulge trade secrets. Sensitive
information is best kept on a strictly need-to-know basis. Some Asian countries set
the expectation that if you want to do business with them, it will cost you in the
transfer of some significant intellectual property. The ultimate goal for that country
is to be able to replicate what you can do at a much lower cost, thereby becoming
your competitor.

A third lack of trust trigger comes from delivery channel conflict. Channel
conflict can occur when the same product is offered through two different deliv-
ery channels at two different prices. For example, the same product might be sold
through a self-service website where there is no sales commission and sold through
a sales representative who is paid a commission. Disintermediation refers to a sup-
ply chain with a multiechelon delivery channel attempting to eliminate one of its
intermediary distribution echelons to improve profitability. This causes a lack of
trust within the delivery channel and an unwillingness to freely share customer and
ordering information.

Finally, and unfortunately, a trusting relationship can be disrupted when one of
the parties is promoted, changes employers, or dies. Since trust is normally between
individuals who represent their organizations, it can be very difficult for a new per-
son to earn the trust of the remaining partner. This is where it is helpful to have at
least a memorandum of understanding (MOU) drafted between the original par-
ties. The MOU documents the reason and basic benefit for the relationship, but it
can never replace the personal trust factor.
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Pricing Contracts

A pricing contract is a common form of a contractual relationship with a trading
partner. A pricing contract is an agreement from the seller to provide a minimum
quantity of specific product(s) at a guaranteed price to the buyer over a fixed time
period. The seller uses the pricing contract as the basis of buying raw materials and
component parts at volume discounts from their supply base. The buyer uses the
pricing contract to lock in pricing over an extended period. Some think that a pric-
ing contract trumps cultural differences and mistrust. Nothing could be further
from the truth. Where strong cultural differences exist, you may never achieve a
written contract. Where trust issues exist, you will spend a great deal of resources
attempting to terminate a written contract.

Two common forms of the pricing contract are the annual volume agreement,
also called a blanket agreement, and the long-term agreement (LTA). Annual vol-
ume agreements are used for high-value items, when you have sustained a high-
volume business. Annual volume agreements are written to cover one year between
renewals. Purchase orders are released as needed and linked to the blanket agree-
ment. LTAs are used when your product depends upon a sole sourced technol-
ogy. The LTA is usually written to cover three or more years between renewals.
The LTA locks in pricing and serves to maintain your allocation of the supplier’s
inventory regardless of market forces and/or interruptions to the supplier’s supply
chain. Because of the amount of resources it takes to write, negotiate, and maintain
contractual agreements, many companies limit their contracts to sole-source and
single-source suppliers and to their strategic commodities.

Here are the main paragraphs found in pricing agreements:

B Contract parties—This is the name and contact information for the seller and
the buyer.

B Contract purpose—The contract guarantees pricing and allocates product
for the buyer; the contract guarantees volume and allocates strategic market
access for the seller.

B Nonexclusive—The parties reserve the right to do business related to the same
set of products with other third parties not named in the contract.

B Signatures—This is the signature of an executive in each organization having
the agency to make this contract.

B Appendices with price, volume, products, product revision—The details of price
and volume by item number are usually placed in an appendix to facili-
tate changing the product details without changing the legal body of the
contract.

B Licensing—The seller is licensed by the buyer to produce a product design
owned by the buyer. It is common LTA practice for the product design docu-
mentation to be held in escrow with a third party as insurance against a
contractual default.
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Forecasts and planning—This is the frequency and planning horizon for
updated demand information given to the seller by the buyer.

Provision for product revision—These are additional costs for the seller to pro-
cess a product revision.

Provision for custom tooling—These are additional costs for the seller to pro-
vide custom tooling.

Warranty—This is the period of time the seller warranties material and work-
manship. Ninety days and one year are both common warranty periods.
Terms of payment—Use the Unified Commercial Code for domestic agree-
ments and INCOTERMS for international agreements.

Performance measures— These are specific key performance indicators directly
related to the contract.

Terms regarding the length of the agreement include the following:

Starting date and ending date—This is the period of time the contract is in
force.

Evergreen clause—If the business arrangement has gone well, this extends
the contract with the same provisions for another period without a contract
negotiation. It requires the signatures of both parties.

Termination due to seller’s lack of performance—Early contract termination is
driven by the seller’s lack of delivery or quality performance.

Provision for inventory allocation—The seller specifies how limited product
will be allocated against this agreement.

Provision for residual inventory—The buyer must take receipt of and make
payment for any product volume that has not been consumed by the end of
the contract period.

Terms regarding legal issues that should be written and reviewed by legal coun-
sel include the following;:

Intellectual property—This is legal protection of the intellectual properties of
both parties.

Confidential information—Both parties agree to respect certain kinds of con-
fidential information.

Governing law—This is the name of the state and country whose governing
law holds precedence.

Conflict resolution and arbitration—The buyer and seller agree to third-
party arbitration rather than a jury trial for any conflict they cannot resolve
between themselves.

Entire agreement—The document constitutes the entire agreement.
Supersedes—The document takes the place of any earlier agreement between
the parties.
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B [ndemnification—Each party agrees to not hold the other party liable for
unrelated actions.

B Severability—If some part of the contract is determined to be illegal, the
remaining parts of the contract are still in force.

B Force majeure—Unprecedented events, acts of God, extreme weather, riot,
and civil discontent, etc., do not constitute a lack of performance.

B Compliance with the law—The seller agrees to comply with all labor and
employment laws.

B Executed in counterparts—Identical copies of the pricing contract can be
signed in parallel by the parties, and then swapped for the matching signature.

In Summary

This chapter explains how to build trusting relationships. To be effective, mem-
bers of the project team need to trust their project manager and project champion
executive. In turn, in spite of the politics, the project team has to gain the trust of
the functional departments within their parent organization. Mutual respect and
trust must be built across the different cultures, geographical distance, and time
zones that can separate the SOURCE, MAKE, DELIVER, and RETURN trading
partner relationships that make up a supply chain network. A contractual agree-
ment will never replace a trusting relationship. Finally, chis chapter details supply
chain echelon maps for both forward and reverse supply chain networks.



Chapter 4
Cash Flow

This chapter focuses on cash flow. It explains why cash flow is so important to a
business and how to accelerate it. Building high-velocity cash flow is one key to
constructing a great supply chain. Cash flow begins with setting the right pric-
ing, echelon by echelon, across the supply chain network. Product pricing leads to
revenue on the income statement, which in turn leads to margin, and ultimately,
to net profit, which generates cash. Cash is consumed operationally by inventory,
accounts receivable, and other things as recorded on the balance sheet. The cash
flow statement records changes to cash flow from operations, from investing, and
from financing. This chapter also details how to budget for financing the supply
chain construction project. By the end of this chapter, you will understand how
cash flows into and out of the balance sheet, how cash is replenished from income
statement profit, how changes to cash are tracked on the cash flow statement, and
how to estimate extra cash needs for your supply chain construction project.

A Dollar Wise and $10 Million Foolish

“I really don’t see how we can even get started on this project. We know noth-
ing about the product,” said Donna, the buyer assigned to the Supply Chain
Construction Team. Donna had been amazed that she was asked to join such an
auspicious team. Her personality was to be very direct, and she knew how to get
purchasing done with a bit of a “take no prisoners” attitude.

“Actually, we have a couple of key pieces of information about the product even
at this early date in the project,” said Bill, the program manager. Bill had been cho-
sen to lead the team through the Supply Chain Construction Blueprint because of

95
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his supply chain knowledge. “We know, for instance, that the target price is $500
for the Product 500 model, or ‘a dollar a watt.” Maybe Harry can tell us more?”

Harry was the third member of the new team. As a product marketing engineer,
he had been working under Jerry’s direction for the past two months to under-
stand the VAR landscape and to gather information about the competition. Harry
replied, “We want to market an uninterruptable power supply (UPS) product fam-
ily that maps into the new family of midrange servers from the Computer Products
Division. We think the middle UPS product, the Product 500 model, will have the
highest volume. This should be our flagship model.”

Harry continued, “Several competitors have UPS models at about a $500
price point; of course, they don’t have the feature set that ours will have. From our
power supply experience with costs across a product family, it is very likely that the
Product 250 model will be priced a little more than a dollar per watt, while the
Product 1000 model will be priced a little less than a dollar per watt.”

Since Harry was talking about cost, Tony’s attention perked up, “Yes, that’s
right. We have seen that kind of trend again and again across our power supply
product families because of the fixed material costs involved. By the way, what is a
VAR?” Tony worked for Alice in Finance and had been helping Bill put together a
budget for the supply chain construction project.

Harry replied, “A value-added reseller (VAR) is a systems integrator who takes
delivery of the individual computer system components, assembles, and programs
the system, then delivers and installs the system at the customer’s location all at
once.”

“You said that we know a couple of things?” Donna asked.

Bill replied, “Yes, in the past two weeks, Engineering has roughed out a block
diagram for the UPS product and has estimated the material cost of the main com-
ponents. John, how does that look?”

John was the fifth member of the team. He was quiet and thoughtful, and he
would become intimate with every detail of the UPS product design. John said,
“Right, building on our experience designing families of power supplies, there are
certain things that we know. For example, the package design will use a common
front and rear frame, with the depth of the package growing as the power level
increases to accommodate a larger number of battery cells. The same basic battery
cell will be used in each product, but the number of cells will vary. The control
board and basic circuit can be identical across the family. The battery to line voltage
power inverter is similar to our switching power supplies, but some of the trans-
formers and capacitors will have to change across power levels.”

“What about material costs?” Bill asked again.

“Engineering is estimating $180 in direct material for the Product 500 model
UPS, but that is likely to go up a few dollars by the time the design is completed,”
replied John.

Tony was busy punching numbers into his calculator. He then said, “If we use a
ratio of 50% direct material to cost of goods sold (COGS) and a ratio of 75% COGS
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to selling price, then $180 in direct material gives us a $480 selling price. We're good
to go!”

“Not so fast,” said Bill. “You are forgetting one very key factor. We manufacture
and distribute our power supplies today direct from this location to worldwide cus-
tomers. But we are going to sell our UPS product family through VARs. According
to Jerry, these VARs expect to purchase our product at a 30% discount.”

“Oh,” said Tony, in a deflated voice.

Bill continued, “You have the calculator Tony. What is 50% direct material to
COGS and 75% COGS to VAR price and 70% VAR price to selling price on $180
of direct material?”

“$686. We're screwed,” said Tony quietly.

Donna suggested, “If the volume exceeds some breakpoint, maybe we can geta
price discount on material purchases. What volume are we talking about anyway?
Do you have a forecast, Harry?”

Harry replied, “We still have a lot of work to do with the sales guys and the
VARs before we can get to a good forecast.”

“How do we construct a supply chain if we don’t know the unit volume?” asked
Donna again.

“Harry, as a top priority from this team, you need to find out the forecast for
the new server family from your contacts at Computer Products. Every server will
need a UPS, righe?” asked Bill.

Harry responded, “Well, no. There will be a connect rate because some serv-
ers will go into installations that already have emergency generators and battery
backup. I'll see what I can find out.”

“We can estimate volume from one assumption for now. This is suspect because
it is based on a management wish rather than a demand forecast. I'm talking about
Steve’s statement that Corporate will not support any new business that does not
achieve at least $10 million in sales in its first year. Clearly, this is not based on any
market research. But how many UPS units is that, Tony?” asked Bill.

Tony punched more numbers into his calculator, “20,000 units at $500/unit
equals $10 million in revenue. If the business ramps linearly from 0 to 20,000 units
in 12 months, then the run rate at the end of the first year is 3,333 units per month.
If the business starts faster, the run rate drops toward an average of 20,000 units
divided by 12 months, or 1,667 units per month.”

“To answer your question, Donna, start with a working assumption for pur-
chasing of an annual throughput of 20,000 units at a run rate of, say, 2,500 units
per month. But when Harry gets the real server forecast, don’t be surprised if that
number is much smaller,” said Bill.

“That’s a higher volume than normal! I can work with that,” replied Donna.

Bill continued, “There is one more thing we need to estimate while we are
roughing out parameters for the new business. We need to estimate how much cash
the Power Products Division will need to fund the start-up. There are two major
cash investments: accounts receivable and inventory.”
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“Why do we need cash for accounts receivable? Don’t customers pay for their
purchases?” asked John.

“That’s a good question, and the answer is that most customer accounts are
NET30 days, meaning we give 30 days of credit before payment is due. I'm sure the
VARs, as our customers, will get NET30 day terms,” replied Bill.

“At a run rate of 2,500 units per month and a VAR price of $350 per unit, that’s
$875,000 for 30 days of accounts receivable,” calculated Tony before being asked.

“Inventory investment is harder to figure until we develop a planning cycle and
how much safety stock we might need. But, as a guestimate, suppose we can turn
inventory every three months, or four times per year, and that the inventory profile
looks like a sawtooth repeating every three months. And suppose we are able to
get the product COGS down to $262 per unit. Then the average inventory would
be (one half) times (2,500 units per month) times (three months) times ($262 per
unit) or, looking to Tony, $982,500,” continued Bill.

“Almost a million dollars... That’s a pile of cash!” whistled Tony.

“Yes, and that cash stays always invested in inventory. That is because when last
month’s inventory is paid for from customer orders, we have to turn right around and
reinvest that cash to buy new inventory for next month’s shipments,” lectured Bill.

“Ouch,” exclaimed John.

“OK, let me summarize where we stand at the start of our supply chain con-
struction project. We need to deliver a family of three different UPS products
through the Computer Products VAR channel. The flagship model is the Product
500 UPS; it needs to sell to the VAR for $350 to sell to the end customer for $500.
Engineering’s first estimate of direct material cost is about $180. This does not fit
into our current pricing model. A guestimate of unit volume is a first year through-
put of 20,000 units with a run rate of 2,500 units per month by the 12th month.
Harry has the action item to get a real forecast. Finally, Corporate will have to
invest about $1,857,500 in accounts receivable and inventory during the first year
of start-up. That’s it, see you next week.”

Get a Handle on the Balance

Think about your personal checking account. This is your operating cash. Cash
payments in the form of checks are made for things that you buy—food, housing,
clothing, transportation, etc.—from your upstream suppliers. Cash receipts in the
form of deposits are made from things that you sell—hours of employment, shares
of an investment, etc.—to your downstream customers. The following relationships

hold from period to period:
Ending cash = Starting cash + Cash receipts — Cash payments 4.1)

Starting cash to the next period = Ending cash from the last period  (4.2)
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Your current checking account balance determines the total amount of cash you
have to spend. You cannot spend more than the cash you have on-hand unless you
increase your checking account balance by taking out a bank loan, borrowing against
a credit card, or convincing a friend to “invest” in some project you are doing. The
bank loan and the credit card debt must be paid back in full with interest within a
stipulated timeframe. The bank and the credit card company can force you into per-
sonal bankruptey if you cannot make the payments. The friend expects some return
on his or her investment in the not too distant future, but he or she may not have
much leverage if you just spend the money. The friend is better off to expect some kind
of collateral or “ownership” in the project as leverage against a return on investment.

When cash flows freely in and out of your checking account, the cash flow is
said to be liquid. Liquidity is a key property of cash flow for any business. When
cash is constrained either going into your account or coming out of your account,
the cash flow is said to be illiquid. This means that you cannot buy and sell freely.
This can quickly become a big obstacle to your business. Complete illiquidity is a
common cause of business failure.

Balance Sheet Basics

While it is assumed that many people understand a balance sheet, experience teaches
that this is not the case. A balance sheet records assets, liabilities, and net worth at a
point in time. This is usually at the start and again at the end of an accounting period,
for example, at the start and at the end of a calendar month. The balance sheet shows
assets on the left side. Liabilities and net worth are shown on the right side. Assets
and liabilities come in two flavors, current and long-term. A current asset or current
liability is relevant for less than one year. A long-term asset, also called a fixed asset,
and a long-term liability, also called long-term debt, is relevant for more than one year.
A balance sheet is always in balance; therefore, total assets must equal total liabilities
plus total net worth. Table 4.1 shows the accounts are included on most balance sheets.

$Total assets = $Total liabilities + $Total net worth 4.3)

($Current assets + $Fixed assets) = ($Current liabilities
+ $Long-term debt) + $Net worth (4.4)

B Current assets: cash—Money available to the business to buy things.

B Current assets: accounts receivable—Money customers owe the business for
product shipped.

B Current assets: inventory—Ihe dollar value of raw material, work-in-process,
and finished goods owned by the business.

B Long-term assets: fixed assets—The dollar value of land, plant, and equipment
owned by the business.
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Table 4.1 Example Year-End Balance Sheet

Balance Sheet

Company Name

Dec. 31, 20YY

Assets Liabilities
Cash $350,000 | Accrued expenses payable $210,000
+Accounts receivable $610,000 | +Accounts payable $395,000
+Inventory $1,285,000 | +Accrued income taxes $91,500
payable
Total current assets $2,245,000 | Total current liabilities $696,500
Fixed assets $2,000,000 | Long-term debt $2,448,500
—Accumulated -$175,000 | Total liabilities $3,145,000
depreciation
Total asset book value $1,825,000
Net Worth
Paid-in capital $800,000
+Retained earnings $125,000
Total net worth $925,000
Total assets $4,070,000 | Total liabilities + Net worth | $4,070,000

Long-term assets: accumulated depreciation—A reduction in the value of assets
over time as a result of wear and tear.

Long-term assets: asset book value—The sum of fixed assets minus accumulated
depreciation.

Total assets: total assets—The sum of total current assets plus total asset book
value.

Current liabilities: accrued expenses payable—Accumulated, noninventory
expenses owed but not yet paid.

Current liabilities: accounts payable—Money the business owes suppliers for
materials received.

Current liabilities: accrued income taxes payable—Accumulated income tax
payments due but not yet paid.

Long-term liability: long-term debt—Loans to finance the business that run
for more than one year.

Total liabilities—The sum of total current liabilities plus long-term debt.
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B Net worth: paid-in capital—Money given to the business in exchange for frac-
tional ownership of the business.

B Net worth: retained earnings—The accumulation of a portion of net profit
kept for reinvestment in the business.

B Net worth: net worth—The sum of paid-in capital plus retained earnings.

Four of these balance sheet accounts play a key role in supply chain cash-to-
cash cycles. These accounts are cash, accounts receivable, accounts payable, and
inventory.

Cash In on the Cash-to-Cash Cycle

Supply chain networks consist of a series of interlocking echelons that flow mate-
rial downstream while flowing cash upstream. Each trading partner in a sup-
ply chain buys from other organizations in upstream echelons and sells to other
organization in downstream echelons. In this way, material flows downstream,
while cash flows upstream. The cash-to-cash cycle time is the number of days
difference between when the trading partner has to pay the upstream seller (sup-
plier), the average time inventory is held, and when the trading partner gets paid
by the downstream buyer (customer). This cash-to-cash cycle may be positive or
negative.

B When a trading partner gets paid by its customer before having to pay its
supplier, the cash-to-cash cycle is negative. This is because the downstream
buyer’s cash is used to pay the upstream seller.

B When a trading partner has to pay its supplier before getting paid by its cus-
tomer, the cash-to-cash cycle is positive. This is because the trading partner
has to finance some number of days of cash to pay the seller.

Common Forms of Orders, Deliveries, and Payments

Ordering, delivering, and cash payment take many forms, as shown in Table 4.2.
Different market segments tend to have different combinations of preferences. In
a retail store scenario, the customer comes to the store to shop, brings the product
up to the cash register, and pays the cashier with cash, a debit card, or a credit
card. In an industrial purchase scenario, a buyer places a purchase order against
the company’s credit limit, later accepts a less-than-truckload delivery, and finally
approves the payment of the invoice for an Automated Clearing House (ACH)
wire transfer. In an Internet shopping scenario, the customer goes online to view
an electronic catalog, places his or her order into an electronic shopping cart, pays
for the order with a credit card, and waits for next day delivery of the product
from UPS or FedEx.
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Table 4.2 Common Forms of Orders, Deliveries, and Payments

acknowledgment

Flow Format
Orders Purchase orders
Catalog phone order or mail order
Fax order
Electronic data interchange (EDI)
In-person shopping
Internet catalog and shopping cart
Order E-mail

Electronic data interchange (EDI)

Delivery

Third-party logistics, including airfreight, rail freight
and ocean freight packaged in cartons, pallets, less-
than-truckload (LTL), truck load (TL), less-than-
container load (LCL), container load (CL)

Customer pickup
Small-parcel deliveries like UPS, FedEx, USPS, DHL

Delivery
acknowledgment

Advance shipping notice (ASN)
UPS, FedEx, USPS, DHL tracking websites

Proof of delivery

Payment

Cash payment

Debit cards

Credit cards and procurement cards
PayPal

Automated Clearing House (ACH) electronic wire
transfers

Electronic data interchange (EDI)
Invoice and check
Letters of credit (LOC)

Payment
acknowledgment

Online bank statement
Account alerts

Electronic data interchange (EDI)
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In each of these scenarios, in the case of a product return, a warranty claim, or
a product recall, the seller must be prepared to reverse the set of transactions with
the buyer. In such a case, the buyer usually initiates the reversal by asking the seller
for a return authorization; this is the order. The seller instructs the buyer on how to
package and ship the returned or defective product; this is the delivery. The seller
than decides to either refund the payment, issue a credit for a future purchase, or
replace the initial product with a replacement; this is the cash.

Every trading partner’s supply chain operation in every echelon can be broken
down into four parts: the supply side order-to-delivery-to-cash (ODC) cycle, the
trading partner’s operations that turn inventory, the trading partner’s operations
that fund cash, and the demand side ODC cycle.

Supply Side ODC Cycle

Each trading partner establishes a supply side order-to-delivery-to-cash (ODCs,,;.)
cycle with each and every upstream organization that sells to them. ODCg,, ;.
cycles apply to both inventory and noninventory purchases depending on the pur-
pose of the organization. ODCsg,, ;. cycles may be repetitive, occasional and on-
demand, or one-time transactions. Ordering and acknowledgment, delivery and
acknowledgment, and payment and acknowledgment may take any of the forms
shown in Table 4.2. A basic information set including such items as contact names,
e-mail addresses, physical addresses, phone numbers, account numbers, etc., is
required to define an ODCg,;, cycle between the seller and the buyer.

When the ODCs, . cycle spans a large geographical area, there are time zone
conversion considerations. Information, material, and cash moving from east to
west will gain time according to the time zone differences between the origin and
destination. On the other hand, information, material, and cash moving from west
to east will lose time according to the time zone differences between the origin and
destination. In every case, there will be matchups; if the order gains time, then the
material delivery will lose the equivalent time. If the invoice loses time, then the
cash payment will gain equivalent time. Several Internet websites, such as htep:/
www.timeanddate.com/worldclock/, provide times for world cities and time zone
conversion charts.

There are four kinds of ODC cycles: reoccurring inventory purchases,
one-time inventory purchases, reoccurring noninventory purchases, and one-time
noninventory purchases. Reoccurring inventory and noninventory purchases mean
that it is worth the effort to establish an efficient ODC cycle because it will be
exercised again and again. One-time purchase cycles, while they may be for large
dollars or may involve high risk, will probably never be exercised again.

Supply


http://www.timeanddate​.com
http://www.timeanddate​.com

104

B Supply Chain Construction

Operations That Turn Inventory

Trading partners and nominal trading partners hold one or more kinds of inven-
tory and need to turn this inventory to continue operations. Inventory is said to

turn when its quantity is completely consumed and has to be replenished.

Supplier and factory operations—Suppliers, factories, fabricators, contract
manufacturers, and original equipment manufacturers (OEM) turn raw
material inventory first into work-in-process inventory and then into finished
goods inventory through some transformational, value-adding manufactur-
ing process.

Postponement center operations—Postponement and fulfillment centers turn
cycle stock inventory into finished goods inventory through some transfor-
mational, value-adding postponement process that completes the product.
Distributor and store operations—Distributors, warehouses, wholesalers, retail
stores, and accumulators turn their cycle stock inventory through some non-
transformational, value-neutral distribution process.

Service operations—Service bureaus and service centers may not carry inven-
tory. Repair facilities turn cycle stock inventory through some nontransfor-
mational, value-neutral service operation.

Logistics operations—Third-party logistics companies, forwarders, carriers, or
customs hold inbound, midbound, and outbound in-transit inventory. Such
in-transit inventory is turned through some nontransformational, value-neutral
logistics process.

Remanufacturing and recycling operations—Remanufacturers, recyclers, dis-
assemblers, and smelters turn core inventory into work-in-process inventory
into raw material inventory through some transformational, value-subtracting
reverse process.

Operations That Fund Cash Flow

Trading partners and other organizations tied to the network hold one or more
kinds of cash and need to fund more cash flow to continue operations.

Fund cash flow from current accounts receivable—As customers pay for prod-
ucts and services, their payments are added to your cash flow that pays for
your purchases.

Fund cash flow from an open line of credit—You establish an open, revolv-
ing line of credit with your bank. This may or may not involve collateral
such as inventory. When your current accounts payable exceed available cash
flow, you can dip into this line of credit to make your payments. You must
pay interest on any outstanding balance until you are able to pay back the
principle.
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B Fund cash flow from a procurement card—This is a business credit card used
for limited kinds of purchases such as small inventory items, expendable sup-
plies, and certain noninventory purchases. Procurement cards are a type of
credit used for convenience and for small dollar purchases that are not worth
the processing costs of a purchase order. You must pay interest on any out-
standing balance until you are able to pay back the principle.

B Fund cash flow from long-term debt—This is a business loan used to fund the
cash flow to make large purchases such as plant, equipment, inventory, and
accounts receivable. The loan often involves some kind of collateral such as
the bank holding title to a building or a machine tool or inventory. The loan
carries monthly interest payments, with the principle being paid back either
in installments or as a balloon payment at the end.

B Fund cash flow from additional paid-in capital—You may decide to raise addi-
tional capital to fund cash flow by selling additional shares of stock in your com-
pany. Such a sale dilutes the stock holdings of other investors and may result in
another party, such as a venture capitalist, taking ownership of your business.

B Fund cash flow from factoring—This is a last resort measure. Factoring means
that you sell your accounts receivable to a third party for immediate cash.
However, the third party may only pay out 80% of the value of your receivables.
In essence, you are trading 20% of your revenue to gain immediate liquidity.

Demand Side ODC Cycle

Each trading partner establishes a demand side order-to-delivery-to-cash
(ODCpepang) cycle with each and every downstream organization that buys from
them. ODC,, .4 cycles apply to both inventory and noninventory purchases
depending on the purpose of the organization. ODCp,, .4 cycles may be repetitive,
occasional and on-demand, or one-time transactions. Ordering and acknowledg-
ment, delivery and acknowledgment, and payment and acknowledgment may take
any of the forms shown in Table 4.2. A basic information set including such items as
contact names, e-mail addresses, physical addresses, phone numbers, account num-
bers, etc., is required to define an ODCp,,,,.4 cycle between the seller and the buyer.

When the ODCp,,,,.4 cycle spans a large geographical area, there are time zone
conversion considerations. Information, material, and cash moving from east to
west will gain time according to the time zone differences between the origin and
destination. On the other hand, information, material, and cash moving from west
to east will lose time according to the time zone differences between the origin and
destination. In every case, there will be matchups; if the order gains time, then the
material delivery will lose the equivalent time. If the invoice loses time, then the
cash payment will gain equivalent time. Several Internet websites, such as htep:/
www.timeanddate.com/worldclock/, provide times for world cities and time zone
conversion charts.
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There are three kinds of ODCy,,,,,.q cycles: irregular sales, periodic sales, and
subscription sales. An irregular sale means that the sale may occur just one time, or
that the customer, or customer location, or product, or shipping method changes
each time. Something about the ODC,,, .4 cycle is in constant flux. With a peri-
odic sale, you are delivering the same product to the same customer location on
a regular basis. Subscription sales occur for certain types of service revenue on a
repetitive, often monthly, basis. Periodic sales and subscription sales exercise the
exact same ODC cycle again and again.

Cash-to-Cash Cycle

A trading partner’s cash-to-cash cycle begins with the strategic operating decision of
whether to run the business as build-to-stock (BT'S), build-to-order (BTO), assemble-
to-order (ATO), or as engineer-to-order (ETO). These operating strategies are covered
in Chapter 9: “Demand Planning.” In a BTS business, the upstream seller (supplier)
gets paid before the downstream buyer (customer) pays; this results in a positive cash-
to-cash cycle. An ODC,,, cycle is followed by an operation that turns raw material
inventory into finished goods inventory, which is followed by an ODCp,,,,.4 cycle.

Days of cash-to-cash cycle = Days inventory outstanding
+ Days sales outstanding — Days payable outstanding 4.5)

$COGS = $Material + $Labor + $Overhead (4.6)

Days inventory outstanding = ($Inventorys,,,, + $Inventoryg,,)

x 365 days/(2 x Annual COGS) 4.7)
Days sales outstanding = ($ARg,,,. + $ARp,0)
x 365 days/(2 x $Annual revenue) (4.8)

Days payable outstanding = ($APg,,,, + $AP;, )
x 365 days/(2 x $Annual COGS) 4.9)

In a BTO business, the downstream buyer (customer) pays before the upstream
seller (supplier) has to be paid; this results in a negative cash-to-cash cycle. An
ODCp,pang cycle is followed by an ODCg,;, cycle, which is followed by an opera-
tion that turns raw material inventory into finished goods inventory.

The decision on whether to operate with a BTS, BTO, ATO, or ETO strategy is
based on the competitive delivery lead time you want to achieve. Delivery lead time
is determined by the location of the push/pull boundary and is covered in detail in
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Chapter 9: “Demand Planning.” Many businesses run a combination of BTS for
some products and BTO for other products. This means that individual products
run both positive and negative cash-to-cash cycles.

Example Cash-to-Cash Cycle

The ODCq,,;, cycle pertains to the organization buying upstream. The ODC
cycle pertains to the organization selling downstream. Figure 4.1 shows an example
factory BTS scenario. In this example, ODCg,,, is 56 days, while ODCp,,, 4 is
32 days. Twenty-five days after receiving the factory’s raw material order, the sup-
plier ships the raw material and issues an invoice to the factory with NET30 day
terms. Two days later, the factory receives the raw material. The factory takes 10 days
to build the product and put it into finished goods inventory. After an average
holding time of 10 days, the factory receives a customer order and takes one day to
make the shipment. The factory ships the product from finished goods inventory
and invoices the customer with NET30 day terms. In this example, the average
cash-to-cash cycle is a positive 23 days, while the delivery lead time seen by the
customer is 5 days.

Notice that in such a BTS scenario, the inventory holding time variability of
+5 days directly impacts the cash-to-cash cycle time by +5 days. But as long as the
product is in stock, the inventory holding time variability makes no difference in
the delivery lead time.

The following three actions exacerbate positive cash-to-cash cycles and should
be avoided, where possible.

Demand

B Prepaying for materials—Sellers will sometimes force small buyers or first-
time buyers to prepay.

Supply side
Order—to—delivlery—lto—cash C | Cash-to-cash cycle
[0) LT NET30d
Ld 254 [T +23d#5d
2d] Variability
. : A_15d
Make + inventory M
10d | 10d
RM | G |
Demand side [OICT] NET30d |
. 1dl1d
Order-to-delivery-to-cash 3d
Delivery LT
5d

Figure 4.1 Factory BTS cash-to-cash cycle. C = cash; CT = cycle time; d = days;
FG = finished goods inventory; Inv = inventory; LT = lead time; M = make; O =
order; RM = raw materials inventory; TT = transit time.
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B Building excessive finished goods inventory—The longer a product sits in fin-

ished goods, the more positive its ca

sh-to-cash cycle.

B Selling on credit—Offering your customers credit lengthens a positive cash-

to-cash cycle. Selling on credit and

letting customers buy with a credit card

are not the same. Selling on credit is bad for cash flow because it means you
agree to invoice for a purchase and to wait 30 days or more for your payment.
Letting customers buy with a credit card is good because you receive payment

almost immediately.

Cash Gets Tied to Inventory...Forever

It is important to understand the interac

tion of cash and inventory through one

complete build and ship cycle, as illustrated in Figure 4.2. For the purpose of this
explanation, only the direct material cost will be considered, accounts receivable
will equal only the direct material in a product, and the balance sheet will remain

out of balance with a net $100 in assets.

T1. Assets Liabilities T5. Assets _Liabilities
C  —$100]AP = $0 C  =$100|A/P = $100
AR = 0 -$100|  -$100
URM=  $0 A/R =$100
FG = $0 URM= $0
I/FG = $0
T T
i v
v |
[ J
[ | Pay the
Order L Build supplier
inventory product
. 1 { I ’] Customer
T2. Assets Liabilities | ; ; payment
C  =$100|A/P =$100| i t T6. Assets Liabilities
II«/{S\/I; $1§g : : C =$100|A/P = $0
VEG - $0 ; ; A/R =$100
i i -$100
T3. Assets_Liabilities | | T4. Assets Liabilities I/RM = 80
C =$100|A/P = $100| |C =$100|A/P = $100 VEG = $0
A/R = $0 IA/R =$100
I/RM =$100 I/RM= $0
-$100 I/FG =$100
I/FG =$100 -$100

Figure 4.2 Balance sheet transactions

during the cash-to-cash cycle. A/P =

accounts payable; A/R = accounts receivable; C = cash; I/FG = finished goods;

I/RM = raw materials; T = time.
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B At time T1, the factory places an order for raw material. The balance sheet
shows $100 cash (asset), no accounts receivable, no inventory, and no accounts
payable.

B At time T2, the factory receives the raw material from its supplier. The bal-
ance sheet shows $100 cash (asset), +$100 in raw material inventory (asset),
and +$100 in accounts payable (liability).

B At time T3, the factory converts raw material inventory into finished goods
inventory. The balance sheet shows $100 cash (asset), raw material inventory
(asset) netted out to $0, +$100 in finished goods inventory (asset), and $100
in accounts payable (liability).

B At time T4, the factory ships product from finished goods inventory to a cus-
tomer. The balance sheet shows $100 cash (asset), +$100 in accounts receiv-
able (asset), finished goods inventory (asset) netted out to $0, and $100 in
accounts payable (liability).

B At time T5, the factory pays its accounts payable to the supplier. The balance
sheet shows cash (asset) netted out to $0, $100 accounts receivable (asset), and
accounts payable (liability) netted out to $0.

B At time T6, the factory receives payment from its customer. The balance sheet
shows accounts receivable (asset) netted out to $0 and +$100 in cash (asset).
This is exactly where we started, ready to invest $100 cash in the next round
of inventory purchases.

At each time in this example build and ship cycle, the balance sheet remains out
of balance with a net $100 in assets. On the next build cycle, the $100 of cash just
recovered from the sale of the first product will be spent to buy raw materials to build
product for the next build cycle. This cycle of buying inventory, then replenishing
cash from the product sale; buying inventory, then replenishing cash from the prod-
uct sale; buying inventory, then replenishing cash from the product sale goes on and
on. As the inventory turns over and over, a certain amount of cash remains locked up
in the inventory, as described in Chapter 10: “Inventory Management.”

Let the Velocity and Variability
Principles Guide Construction

ODC cycles have to be constructed between every relevant pair of sellers and buy-
ers in a supply chain network. Upstream, the pairs that are relevant are deter-
mined by the product bill of materials (BOM) as discussed in Chapter 6: “Source.”
Downstream, the pairs that are relevant are determined by the market segment
delivery channels as discussed in Chapter 7: “Delivery.” Some ODC cycles may
only be exercised once, for example, for a one-time customer or for a one-time sup-
plier. However, you should construct your ODC cycles to be exercised efficiently
again and again.
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Velocity Principle

The velocity principle states that throughput is maximized when the cash-to-
cash cycle velocity is maximized by minimizing cycle time.

To build a supply chain link that works, you need to connect ordering informa-
tion between the selling and buying organizations, flow material downstream from
the selling to the buying organization, and flow cash upstream from the buying to
the selling organization. Figure 4.3 shows the construction of two common forms
of ODC cycles. The right half or downstream side of the figure shows a seller/buyer
interface using an Internet-based product catalog and shopping cart with payments
by credit card. The left half or upstream side of the figure shows a seller/buyer inter-
face using purchase orders and invoice attachments to e-mail.

To make an ODC cycle efficient, you want to apply the velocity principle. Cycle
time may include order processing cycle time, purchasing lead time, manufactur-
ing cycle time, distribution cycle time, transit time, customs clearance time, queue
time, inspection time, and payment processing cycle time. Once a process map has
been drawn, here are ways to improve its velocity:

B Eliminate unnecessary steps.
B Convert serial processing into parallel processing.

Sell Buy Sell Buy
/ Shop on \
website Order
A 4
Process the ord Website
purchase rder shopping cart
i
¥
Credit card
[ == Cash
i t
Shlp, Delivery LU
material i
Invoice [Three-way Schedule
payment match shipment
i
¥
Ship —> Delivery
product -
Process the - -
o — Cash Shipment |-~
payment . 7
K tracking /

Figure 4.3 Two common forms of ODC cycles.
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B Automate steps.
| Adjust capacity to minimize queue time.

The following are ways to make each ODC cycle process step risk tolerant:

Train personnel on the process step.

Assign backup responsibilities.

Provide a redundant communications path.

Exercise an acknowledgment message for each and every transaction.
Define a cash flow funding escalation procedure.

Require prenotification for a late shipment.

Variability Principle

The variability principle states that throughput is maximized when the cash-
to-cash cycle variability is minimized by minimizing cycle time variance.

To make the ODC cycle predictable, you want to apply the variability principle.
This means you want to identify variability in any of the ODC cycle process steps
and eliminate it. Variance in logistics transit times due to traffic patterns, variance
in process cycle times due to differing levels of employee training, and variance in
accepting a customer order due to credit checking are common examples of the root
cause of process variability.

Once a process flow map has been drawn, expected variances can be documented
for each step. Do the following to minimize the overall ODC cycle variability:

B List the process step variability in descending order from the largest to the
smallest.

B Find the root cause of the variability.

B Work to cither eliminate or minimize the largest variability.

B Work to eliminate or minimize the second largest variability, etc.

Combining Variability in Parallel and Series

Suppose the variability in a process step can be modeled by a normal distribution
with a mean (M) and a standard deviation (SD). When two process steps, each
with a normally distributed variance, are combined in parallel, the combined pro-
cess mean is the larger of the individual means and the combined process standard
deviation is the larger of the individual standard deviations.

Process M, SD; in parallel with Process M,, SD,
yields Parallel Process max(M,, M,), max(SD,, SD,) (4.10)
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For example, a factory waiting to receive two parts each from a different sup-
plier, one with a lead time of 20 + 2 days and the other with a lead time of 10 +
3 days, should expect a combined wait of 20 + 3 days. Here, 20 days is the maxi-
mum of the 10 and 20 days means and +3 days is the maximum of the +3 and +2
days standard deviations.

When two process steps, each with a normally distributed variance, are com-
bined in series, the combined process mean is the sum of the individual means
and the combined process standard deviation is the root-mean-squared (RMS) of
the individual standard deviations. RMS is the square root of the average of the
squared values. Note that if one standard deviation is much larger than the others,
then it will dominate the combined standard deviation.

Process M, SD; in series with Process M,, SD,
yields Series Process sum(M;, M,), RMS(SD,, SD,) (4.11)

where

RMS:\/(SDI><SD1+SD2><SD2+...+SD”><SD,,) @12

n

For example, a logistics leg involves an ocean freight transic time of 24 + 3 days
and a customs clearance time of 1 + 1 day. The total expected logistics time is
25 days + square root of (3 x 3 + 1 x 1)/2), or 25 + 2.24 days. Here, the 25 days is
the sum of 24 days plus 1 day and the +2.24 days is the calculated RMS value of
the +3 and 1 day standard deviations.

Bigger and Slower...A Story of Misguided Business Controls

A small business with 35 employees had just two employees in operations, one in
planning and one in purchasing. While the engineering department selected ven-
dors, the purchasing guy created and approved all purchase orders for this small
business. The downside was that this practice violated good business controls. The
upside was that the cycle time from identifying a need for material to placing an
order was very fast; it was usually completed within three days.

The small business was bought out by a larger firm with 100 employees. This
larger firm was top heavy with financial expertise but lacked manufacturing experi-
ence and was in the midst of creating Sarbanes-Oxley compliance standards. The
purchasing process was improved by adding a purchase requisition to the purchase
order. The buyer was authorized to create the purchase requisition, but accounts
payable created the purchase order. A signoff authorization of purchasing dollar
limits was established based on job titles in the organizational hierarchy. Regular
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high dollar production inventory purchases now required the buyer’s signature,
two finance signatures, and the general manager’s signature. The general manager
traveled four days out of five. The purchase order required two additional signatures
by financial vice presidents. The new, improved process, while providing good busi-
ness controls, added two weeks on the front end of the ODC cycle. The buyer was
never sure when the purchase order was being sent to the vendor. Inventory lot sizes
grew to cover variability in the signoff time. And the company tied up precious
cash flow to fund the invisible two weeks of non-value-added inventory investment.
Both the velocity principle and the variability principle had been ignored.

Build an Information Backbone

Businesses today use a wide range of information technologies, from simple Excel
spreadsheets run on a laptop computer to customized, mobile software applica-
tions run on iPads to per-use enterprise resource planning (ERP) rentals run on the
cloud with third-party servers. Information technology (IT) can be intoxicating.
Enormous amounts of precious time, money, and human resource can be poured
into solving the IT puzzle for your business. This book takes a different track. This
book focuses on helping you understand how the pieces fit together and how the
data have to flow to ensure that the system requirements to run your supply chain
information backbone are covered.

Every Business Has Two “Inventories”

Every business has to manage two kinds of “inventories.” One is the material flow
into and out of your physical inventory, while the other is the cash flow into and out
of your cash inventory. Both kinds of inventory behave the same way.

Ending material = Starting material + Receipts - Issues (4.13)

Ending cash = Starting cash + Deposits — Withdrawals (4.14)

The business needs to keep perpetual inventory records on both material and
cash. The word perpetual means a continuous, running balance in real-time. A
perpetual inventory for cash is easy. This is your checkbook. You can go online and
see the most up-to-date account balance along with each and every deposit and
withdrawal transaction you have ever made. A perpetual inventory for material is
harder. This is because there are hundreds or maybe thousands of part numbers,
each with multiple physical locations. A perpetual inventory is the application of
Equation 4.13 to each part number in each physical location within the supply
chain network kept up-to-date in real time. This is difficult to achieve, especially
for small businesses.
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Elements of the Information Backbone

The information backbone for your business begins with financial data. Financial
data recorded in a general ledger, accounts receivable ledger, accounts payable led-
ger, and cash journal provide the means by which the balance sheet, the income
statement, and the cash flow statement are generated.

One way to conceptualize your information backbone is to think of an accounting
system base tied to both a perpetual material inventory and a perpetual cash inventory.
Then, customer relationship management (CRM) spans between product inventory
and accounts receivable cash to satisfy demand. And supplier relationship manage-
ment (SRM) spans between parts inventory and accounts payable cash to provide sup-
ply. Supply chain management lies across the top; this system component coordinates
and integrates across the supply chain network to match supply and demand. Key
petformance indicators (KPIs) measure network performance (see Figure 4.4).

The detail behind the revenue resides in the CRM and order management
modules of the IT system. CRM is the repository for basic network relationship
information about the customer, including organizational structure, names, titles,
addresses, e-mails, phone numbers, social media connections, last contact, last face-
to-face contact, customer satisfaction rating, product preferences, market segment
served, business volumes, and more. CRM should be used to manage the frequency
of customer contact and to maintain an up-to-date list of all open and resolved
issues with each customer.

Order management captures product configurations ordered, quotes, pricing
agreements, credit checking, ship to locations, shipment logistics instructions,
delivery schedules, promise dates, acknowledgments, bill to addresses, ordering

KPIs

—
Supply chain management

Perpetual
materials
inventor
Y R
RM
Perpetual
- h
Accounting “incvfntor b
— system Y
Income Balance Cash flow
statement sheet statement

Figure 4.4 Components of a supply chain network information system.
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history, etc. Order management tracks and updates the changing status of each sale
from probable forecast to order backlog to shipment to invoice paid. Orders open in
order management are still active and may require some action, such as completing
a shipment or sending an invoice.

Profit from the Margin

Think about your personal budget. You total up each source of income, such as
wages, bonus, commission, tips, etc. You total up each class of expense, such as
food, mortgage or rent, utilities, transportation, medical premiums, insurance,
taxes, etc. The difference in your total income minus your total expense is your
margin. This margin may be invested for something bigger and better or saved to
be spent on something in the future. If you conclude that you have no margin, then
you have not covered your expenses. You will have to somehow increase income or
decrease expense. Or you can spend your savings until it is depleted. Or you can try
to borrow, which will put you into personal debt.

Your budget covers some period of time, for example, one year split into 12
months. A budget is a reminder that certain expenses have to be paid monthly or
quarterly or annually. A budget is used to time certain large purchases, when you
have enough savings to smooth out your cash flow. A budget is used to project how
long it will take to accumulate enough savings to pay back an earlier loan. If there
is a good margin, you can quickly pay back the loan. If there is no margin, you will
never pay back the loan.

Income Statement Basics

The income statement is like your personal budget. An income statement records
period income, period expenses, and period profit/loss margins. The income state-
ment stretches across the timeframe between the balance sheet at the start of the
period and the balance sheet at the end of the period. The line items shown in
Table 4.3 are included in most income statements. Notice the progression from
gross revenue to net revenue to gross margin to operating margin to net profit.

B Gross product revenue—Income from product sales.

B Gross service revenue—Subscription income for reoccurring services and non-
subscription income for one-time services.

B Discounts—Revenue adjustments for reduced pricing for customer contracts
and volume purchases.

B Returns—Revenue adjustments and credits for product returns.

B Net revenue—Gross revenue adjusted for service revenue, discounts, and
returns. Note: net revenue is used as the 100% denominator in calculating
other line items percentages.
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Table 4.3 Example Income Statement for January

Income Statement

Company Name

For the Month of January 20YY
Line Item Amount Percent
Gross product revenue $8,400,000 104.0%
Gross service revenue $2,000,000
Discounts $300,000 3.0%
Returns $100,000 1.0%
Net revenue $10,000,000 100.0%
COGS $6,650,000 66.5%
Gross margin $3,350,000 33.5%
SG&A $2,385,000 23.8%
Depreciation $15,000 0.2%
Operating profit $950,000 9.5%
Interest expense $200,000 2.0%
Profit before taxes $750,000 7.5%
Income tax $250,000 2.5%
Net profit $500,000 5.0%

Cost of goods sold (COGS)—DPeriod expense for the inventory direct material,
inbound logistics, direct labor, and overhead in the value-added transforma-
tion of product shipped within that period.

Gross margin—Net revenue minus COGS.

Selling, general, and administrative expense (SG&A)—DPeriod expense for non-
inventory material, indirect labor, and overhead needed for the nontransfor-
mational processes necessary to run the business.

Depreciation expense—Reduction in the value of assets over time as a result
of wear and tear.

Operating profit—Gross margin minus SG&A minus depreciation.

Interest expense—Period interest payment on outstanding debt.

Profit before taxes—Qperating profit minus interest expense. Profit before
taxes is the numerator of the equation for return on invested capital.
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B ncome tax—Period expense for income tax, which is normally accumulated
and paid quarterly.
B Net profit—QOperating profit minus interest expense minus income tax.

Top Line Revenue for Forward Supply Chain Networks

Revenue streams are groups of customers buying the same types of products or ser-
vices. When the product offering and markets served are large, products are usually
grouped together in product families, with market segments grouped by geography
or application focus. For example, a manufacturer of test equipment might group
their products into analyzers, calibrators, counters, data loggers, etc. This manu-
facturer might segment its business by North America, Europe, Japan, Asia Pacific,
and the rest of the world (ROW). Revenue from a sale is calculated as follows:

$Gross revenue = $Price/Unit x Unit volume and (4.15)

$Net revenue = (($Price/Unit — $Discount/Unit)
x (Unit volume - Unit returns)) - $Credit. (4.16)

For example, suppose a product has a retail price of $20. A customer with a pre-
existing credit of $300 buys 100 units at a 10% volume discount but returns 5 units
within 10 days. The gross revenue is $20/unit x 100 units, or $2,000. But the net
revenue is (($20/unit x 90%) x (100 units — 5 units) - $300), or $1,410.

Revenue for a group of products is the sum of the individual product revenues
over the same time period.

Total $Net revenue = Z ($Net revenue for product;) (4.17)

i=lton

$Gross margin = $Net revenue - $COGS (4.18)

Top Line Revenue for Reverse Supply Chain Networks

When an organization is part of a reverse supply chain network in the RETURN
echelons, their income statement looks like one shown in Table 4.4. Warranty repair
organizations perform nontransformational, value-neutral work. If the returned
product cannot be repaired, it is replaced with a new product. Remanufacturing
organizations provide transformational, value-added work. The remanufactured
product is sold into an aftermarket at a reduced price. Recycling organizations
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Table 4.4 Typical Income Statements for Reverse Supply Chain
Organizations

Line Item Warranty Repair Remanufacture Recycle
Income

Repair revenue $9

Aftermarket revenue $8

Recycle recovery $6
Service contracts $2

Total income $11 $8 $6
Expense

COGS $4 $1

Freight and duty $1 $1 $1
Warranty expense $1

Replacement parts $1

Operating expense $1 $1 $2
Administrative $1 $1 $1
Taxes $1 $1 $1
Total expense $9 $6 $5
Net profit $2 $2 $1

perform transformational, value-subtracting work. Value-subtracting work means
products and/or assemblies are converted into components and/or raw materials
destroying their product structure. Chapter 8: “Return” presents a complete and
detailed blueprint for a reverse supply chain construction project.

Price Based on Cost

While finance is focused on cash flow and dollars, operations is focused on through-
put in terms of unit volume. Units and dollars come together as revenue. Units are a
function of inventory management, while dollars are a function of pricing. Product
pricing is the first step in forecasting revenue and planning for cash replenishment.
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There are two fundamentally different ways to set the price on your product
or service: value-based pricing and cost-based pricing. Value-based pricing is a
top—down method that depends on the buyer sensing that your product has been
positioned as offering some unique value-added feature unlike any other from a
competitor. Value-based pricing is mostly used for the first product in a new prod-
uct class for a new market segment, for example, the first Apple iPad or the first
Intel microprocessor chip. Cost-based pricing is much more common. Cost-based
pricing is a bottom—up method that depends on the seller understanding real prod-
uct volumes. Value-based pricing is usually replaced with cost-based pricing once
competitive products are joined to the market.

Cost-Based Pricing

Cost-based pricing is a markup on the COGS. Markup comes from the ratio of
COGS to net revenue on the income statement; markup is the amount by which
the cost of a product is increased to derive its selling price.

0,
%COGS = $COGS x100% (4.19)

$Net revenue

. $COGS x100%
$PI‘1C€ > W (420)

For example, a factory has an annual revenue of $1,000,000 and annual COGS
of $650,000. The factory needs to price a new product with COGS equal to $520.
To maintain a %COGS at 65% as calculated from Equation 4.19, the factory price
for the new product must greater than $800 as calculated from Equation 4.20. A
more complete discussion of factory pricing is presented in Chapter 5: “Make.”

%COGS and %Markup are related as shown in the following equation. If you
know one, you can compute the other. For example, 42.9% margin is derived from
70.0% COGS by Equation 4.21, and 80.0% COGS is derived from 25.0% margin
by Equation 4.22.

(100% — %COGS) (100% — 70.0%)

%Markup = x100% 42.9% = x100%
%COGS 70.0%
4.21)
0, 0,
%COGS = 100% x100%  80.0% = — 0% 10004
(%Markup +100%) (25.0% +100%)

(4.22)
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For example, a distributor runs a markup of 30%. The factory wants the distribu-
tor to offer a new product that has a distributor COGS of $150. From Equation
4.22, the distributor’s %COGS is 76.9%. To maintain the distributor’s income
statement ratios, from Equation 4.20, the distributor’s price for the new product
should be at least $195. A more complete discussion of a distributor pricing model
is presented in Chapter 7: “Deliver.”

Volume Assumption in Cost-Based Pricing

The cost for a single item is the sum of a fixed cost element plus a variable cost ele-
ment. A fixed cost remains the same independent of unit volume. A variable cost is
proportional to and decreases with an increase in unit volume. The total cost for a
product consisting of many items is the sum of the individual costs for each item
and, therefore, the sum of the individual fixed costs plus the sum of the individual
variable costs.

Cost = Fixed cost + Variable cost (4.23)
Total cost = Cost; + Cost, + ... + Costy, (4.24)
For NV items

Total cost = (Fixed cost; + Fixed cost, + ... + Fixed cost,)
+ (Variable cost, + Variable cost, + ... + Variable cost,) (4.25)

Cost versus volume is often nonlinear and discontinuous. This is because as vol-
ume grows, material purchases can be consolidated into a larger spend. As volume
grows, labor purchases move down the learning curve, becoming more efficient.
As volume grows, different more efficient processes become economical within
manufacturing, distribution, and logistics. Pricing sheets are often tables expressed
as Price, for quantities from 1 to 10, Price, for quantities from 11 to 25, Price,
for quantities from 26 to 100, etc., or perhaps price quotes with breakpoints at
500/1,000/2,000/5,000/10,000 units.

Many new products achieve their mature volumes later and lower than was
originally forecasted. A common mistake when estimating price is to use the mature
volume for a new product with no history of demand. This puts you immediately
behind the curve because your initial purchases of raw materials and component
parts will be for smaller quantities at much higher prices. If, on the other hand,
you sign a contract to guarantee that you will purchase a high total quantity over
a 12-month period, then you are stuck when you cannot sell the product in that
quantity. You will be contractually obligated to accept delivery and pay for the total
quantity after the 12th month.
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Budgeting Price/Landed Cost
across the Supply Chain Network

The end customer’s product cost is a “landed cost.” Landed cost accumulates all
the COGS and markups plus inbound freight, midbound freight, and outbound
freight throughout the supply chain network from raw materials to the end cus-
tomer. Consider the cost structure of the traditional supply to factory to distributor
to demand network connection shown in Figure 4.5. This is the factory income
statement nested inside the distributor income statement.

At the interface between supply chain echelons, the upstream organization is
selling at a price to a downstream organization that is buying at a landed cost.
Moving across an echelon, the inbound landed cost becomes an outbound price
determined by the organization’s COGS and markup. The longer the supply chain
network, the greater is the number of echelon markups and the higher is the landed
cost to the end customer. Table 4.5 shows an example echelon-by-echelon bud-
get of price/landed cost across a supply chain network. In this typical example,
$25 of direct material grows to a product landed cost of $95.17 for the end cus-
tomer. When the total number of echelons can be reduced, the landed cost to the
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Figure 4.5 Nested factory and distributor income statements.
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Table 4.5 Example Echelon-by-Echelon Price/Landed Cost Budget

Price/Landed
Echelon Line Item Cost Budget
1 Demand landed cost to the end Landed cost $95.17
customer
Outbound logistics + (duty) $0.85
2 Distributor price Price $94.32
2 Distributor markup at 35% $24.45
2 Distributor COGS at 74.1% $69.87
2 Distributor product cost Landed cost $64.34
Midbound logistics + (duty) + (cross $2.15
docking)
3 Factory price Price $62.19
3 Factory markup at 42.3% $18.49
3 Factory COGS at 70% $43.70
3 Factory material cost Landed cost $26.35
Inbound logistics + (duty) $1.35
4 Supply price of direct materials in the $25.00
BOM Price

end customer can be reduced. When the supplier’s price for the direct materials
required by a product BOM can be reduced, the product’s landed cost to the end
customer can be greatly reduced.

B Demand landed cost—The landed cost to the end customer, or store, is the
distributor price plus the cost of outbound logistics from the distributor to
the end customer or store.

$Demand landed cost = $Distributor price + $Outbound logistics  (4.26)
B Distributor price—The distributor price is a function of the distributor labor
rate, the distributor overhead, and the distributor markup. COGS is the

leverage point for distributor pricing.

$Distributor price = $Distributor COGS x (1 + %Distributor markup) (4.27)
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B Distributor COGS—The distributor COGS is the distributor’s product cost
plus the warehouse labor and overhead to deliver the product.

$Distributor COGS = $Distributor product cost
+ $DC Labor + $DC Overhead (4.28)

B Distributor product cost—The landed cost to the distributor is the factory
price plus the cost of midbound logistics plus potentially cross-docking
charges from the factory to the local distributor. Cross-docking charges can
occur when one DC in a distribution network passes the product through to
another DC within the same distribution network.

$Distributor product cost = $Factory price
+ $Midbound logistics + $Cross-docking (4.29)

B Facrory price—The factory price is a function of the factory labor rate, factory
overhead, and the factory markup. COGS is the leverage point for factory
pricing.

$Factory price = $Factory COGS x (1 + %Factory markup) (4.30)

B Factory COGS—The Factory COGS is the factory’s direct material cost plus
the direct labor and overhead to make the product.

$Factory COGS = $Factory material cost
+ $Factory labor + $Factory overhead (4.31)

B Factory material cost—The landed cost to the factory is the summation of
the supply prices plus the cost of inbound logistics from each supplier to the
factory.

$Factory material cost = z ($Supply price + $Inbound logistics)  (4.32)

B Supply price—The price of raw materials or components from the supplier is
a function of the cost of the raw materials, the supplier labor rate, and the
supplier markup.

Price/landed cost is a line item on the requirements specification and an axis on
the Value Circle. The price/landed cost will be different depending on the echelon
context of the Value Circle, i.e., factory or distributor. Logistics costs include freight
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cost and duty cost when the shipment is international. Freight costs are driven primar-
ily by weight, cube, distance traveled, and the mode of transportation. Cross-docking
is the direct flow of material from receipt to shipping bypassing storage and issuing,
In complex distribution networks, freight may enter the network at one distribution
center (DC) and be cross-docked across other DCs until it reaches the DC delivering
to the intended local market. Warehousing costs are usually included in the overhead
line items in factory COGS and in distributor COGS. Warehousing costs are driven
primarily by the footprint and cube of the inventory and by the length of time the
inventory is stored.

The One Dollar Product

To do the best possible job pricing a product, you want to be able to estimate both
the maximum cost and a reasonable quantity for your product. Dollar Tree, Inc.,
provides a great illustration of how to do this. Dollar Tree, Inc., is a chain of wholly
owned discount variety retail stores backed by a distribution network that sells
every item to its customers for $1. The sale is $1 per unit regardless of the item or
quantity purchased. The beauty of this example is that the $1 price eliminates the
issue of price mix from the equation. Suppose you decided to respond to a request
for a quotation from a Dollar Tree, Inc. purchasing agent looking for new items to
freshen up their offerings. You would need to know something about the Dollar
Tree, Inc. supply chain, the maximum price you could charge, and the probable
quantity you would have to supply. Some simple ratios provide the answer.

The US Securities and Exchange Commission Form 10-K is a free, public document
showing the annual report of any company traded on the stock exchange. It contains
the income statement, balance sheet, cash flow statement, financial ratios, a description
of the business, risk factors, corporate governance, majority stock ownership, and much
more. Dollar Tree, Inc., is a well-established company operating 4,600 stores across 48
states in 2013. Its average store was about 8,000 square feet and carried some 6,200 dif-
ferent items each priced at $1. Its net revenue was $7.4 billion in 2013 with a %COGS
of 64%, a %SG&A of 23.5%, and a percentage net profit of 8%. Its inventory turned
an average of 4.3 times during the year. The Form 10-K lists the location and square
footage of its nine DCs and the geographical distribution of its stores state by state.

To be considered, your product cost and production capacity would have to
conform to the Dollar Tree, Inc., requirements (htep://www.dollartreeinfo.com
/vendor-partners/). First, your maximum price could be determined as follows from
the income statement:

$1.00 Revenue X 64% COGS = $0.64 Landed cost into Dollar Tree distribution
= Your factory price + Midbound logistics costs

(4.33)


http://www.dollartreeinfo.com​
http://www.dollartreeinfo.com​
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The required production capacity could be estimated as follows:

Dollars of annual revenue

Annual quality =
fua quatity (#Stock keeping units [SKUs] at $1)

(4.34)
$7.4 billion annual revenue/6,200 SKUs at $1 each
= 1,200,000 Units per year
and

Dollars of annual revenue
(#Store X (52 weeks/year) X (#SKUs at $1))

(4.35)

Quantity per SKU per store per week =

$7.4 billion annual revenue/4,600 Stores
= $1.6 million revenue per store per year

$1.6 million revenue per store per year/52 Weeks per year
= $30,800 Revenue per store per week

$30,800 Revenue per store per week/6,200 SKUs at $1
=5 Units per SKU per store per week

You would have to deliver 1.2 million units of your product at a distributor
product cost of less than 64 cents each. Since the inventory turns about four times a
year, deliveries would be 300,000 units every three months. Such pricing, quantity,
and delivery probably involve an offshore factory in Asia with an ocean freight con-
nection into California. You would have to determine how many containers would
be required to hold 300,000 units of product and how much the shipping cost
would be for these containers. Suppose the midbound freight and duty was 12 cents
per unit, then the maximum factory price for your product would be 52 cents each.

Forecast Cash Replenishment

Cash replenishment is a key consideration in growing a business. The cash ini-
tially secured through the combination of short-term loans, long-term debt, and
equity funding has to be repaid for the business to be viable over the long haul.
As a business grows, it consumes even more cash to finance more inventory, more
receivables, and more fixed assets. This requires good maintainable margins. Such
margins come from delivering products and services of great value, segmenting the
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market properly to generate continuing demand, and pricing products competi-
tively. Planning for cash replenishment is the third step in moving from product
pricing to revenue forecasting to planning cash replenishment.

Working Capital and Fixed Capital

Working capital is an uneven cash flow used to pay for inventory, wages, period
expenses, credit sales, and seasonal fluctuations. Working capital is raised, invested
in the business, paid back through product sales, and reinvested for the next sales
cycle. Any growth in days of inventory/or days of accounts receivable credits
requires growth in working capital. Working capital is liquidated by turning inven-
tory and by turning accounts receivable credits. Working capital is considered to be
short-term, i.e., less than a year.

Fixed capital is the long-term investment in land, buildings, machinery, and
other durable fixed assets. Fixed capital meets multiyear needs. Once invested, fixed
capital is often hard to liquidate.

Start with Accounts Receivable and Accounts Payable

Consider a typical timeframe based on your cash-to-cash cycle time as discussed
carlier in this chapter. Suppose your cash-to-cash cycle averages a positive 30 days;
this means you need to finance 30 days of cash flow. The question is, how do you
forecast your day-to-day cash needs? And, at the current margin, how long will it
take to pay it back? The answer to these questions begins with a detailed under-
standing of accounts receivable and accounts payable.

Table 4.6 is a summary of the weekly accounts receivable for month /V. There are
shipments to four customers: Johnson, Williamson, Tyler, and Brooking. Cleatly,
your actual accounts receivable ledger would have many more entries with the

Table 4.6 Accounts Receivable for Example Month N Shipment Revenue

Customer Revenue

Account Receivable Shipment Receivable Due
Johnson $150 Month N-week 1 | Month N+1-week 1
Williamson $75 Month N-week 2 | Month N+1-week 2
Tyler $200 Month N-week 3 | Month N+1-week 3
Brooking $325 Month N-week 4 | Month N+1-week 4
Total month N $750

receivables
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details of each product type, quantity, and price per shipment. While the invoice
goes out at the time of the shipment, each customer has NET30 day terms. This
means the customer has four weeks until payment is due. This also means that none
of these four payments will arrive during month 2V, although sometimes custom-
ers can be incentivized through price discounts and other means to make an early
payment. In Table 4.6, the total $750 revenue for shipments completed within the
month does not get paid until the following month.

Table 4.7 is a summary of all the accounts payable due to be paid within month
N. Some of these payments are obligations initiated in previous months, maybe
month N-1 or month V-2, and some of these payments are for expenses incurred
within the current month V. The payment detail is broken down by week for inven-
tory materials, payroll, interest on debt, and other expenses. Clearly, your accounts
payable ledger would have many more entries with all the details of exactly what
was purchased and organized according to a full charter of accounts. In Table 4.7,
a total of $712 needs to be paid this month.

Table 4.7 Accounts Payable for Example Month N Expenses

Expense Account Payable Payment Due
Inventory material $120 Month N-week 1
Inventory material $45 Month N-week 2
Inventory material $35 Month N-week 3
Inventory material $100 Month N-week 4
Payroll $36 Month N-week 2
Payroll taxes and benefits $14 Month N-week 2
Payroll $36 Month N-week 4
Payroll taxes and benefits $14 Month N-week 4
Interest on debt $15 Month N-week 4
Other expenses $66 Month N-week 1
Other expenses $72 Month N-week 2
Other expenses $81 Month N-week 3
Other expenses $78 Month N-week 4
Total month N payables $712
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How to Construct the Cash Forecast

A cash forecast is used to determine your immediate cash requirements over the
short-term so that your cash balance never goes negative. The accounts receivable
and accounts payable ledgers can now be combined into a cash forecast paying strict
attention to the relative timing of each amount. This is done using the very simple,
but very powerful, cash forecast matrix shown in Table 4.8. The table columns
cover the number of weeks, and sometimes even days, at least equal to the worst-
case cash-to-cash cycle time. The table rows are starting cash, +receipts, —~payments,
and ending cash. Within each column, the ending cash equals the starting cash
plus any receipts minus any payments, from Equation 4.1. The starting cash in the
next column equals the ending cash from the previous column, from Equation 4.2.

The starting cash in the first week is set equal to $0. Each of the four weekly
receipts is entered into their corresponding month /N+1 weeks; the receipts total the
$750 in accounts receivable. The payments are subtotaled by week and then each
of the four weekly payments is entered into its corresponding month N week; the
payments total the $712 in accounts payable. When the cash forecast is complete
and the calculations refreshed, observe the following:

B With the starting cash in the first week set equal to 0, the most negative
ending cash number in the table, <$712> in this example, is the peak dollar
value that must be financed to keep the operation running. Since none of the
revenue associated with month /V was received in month /V, the peak cash to
be financed happens to equal the month N payments total. However, if any
of month N revenue had been received within the month, the peak cash to be
financed would be reduced.

B The ending cash number at the end of the cash-to-cash cycle, $38 in this
example, is generated by the net profit. If exactly the same monthly cycle
were repeated without any change in monthly revenue, it will take $712

Table 4.8 Cash Forecast

Month N Month N+1
Week | Week | Week | Week | Week | Week | Week | Week
1 2 3 4 1 2 3 4
Starting $0 | <$186> | <$353> | <$469> | <$712> | <$562> | <$487> | <$287>
cash
+Receipts $150 | $75 $200 | $325

—Payments | <$186> | <$167> | <$116> | <$243>

Ending <$186> | <$353> | <$469> | <$712> | <$562> | <$487> | <$287>| $38
cash
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divided by $38 or 18.7 months to repay the starting cash position. It will take
much stronger margins and a much larger cash infusion to grow the business
quickly.

B When the starting cash in the first week has a carryover from the previous
month, the peak cash that needs to be financed will adjust. For example, if
the starting cash is set to $100, then in this example, the peak cash to be
financed drops to $612. The cash margin generated by the end of the second
month will equal the starting cash plus the net profit margin, or $100 + $38.

B Net cash flow is not the same as net profit. Net cash flow depends on both the
starting cash position and on the length of the cash-to-cash cycle relative to
the one month timing of an income statement.

Budget Cash for the Supply Chain
Construction Project

There is significant cost to any supply chain construction project. This cost is in the
key staff who are redirected to work on the project team, in the calendar time it
takes to see the resulting benefit of the project, and in the cash flow to cover project
expenses and asset investment.

The Supply Chain Construction Project Budget

The supply chain construction project budget is built from a subset of the income
statement and balance sheet line items. The expenses in this budget reflect the
incremental spending to assemble a project team, build the network, and begin
delivery of products and services.

1. Finance wages and salary—DPeople are the most important resource in any
business. It is important that you and your staff get paid a reasonable wage on
a regular basis during the project. Holding back pay until a start-up is profi-
able or investing the entrepreneur’s salary as part of the start-up funding is a
false economy that will cause morale problems later.

2. Finance payroll taxes—You are legally required to pay the payroll taxes on
your employees. In the United States, this includes federal income tax with-
holding, state income tax withholding, and FICA taxes for social security and
Medicare.

3. Finance employee benefits—This is an area that can become quite expensive,
especially for medical insurance, and requires careful research and planning.
While you must comply with employment law, the number of benefits and
the dollar value of each type of benefit will be a function of your business
philosophy and the size and profitability of the business.
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4. Finance office space rent and utilities expenses—Rent for office space and utili-
ties, including water, gas, electricity, a cleaning service, fire and security mon-
itoring, insurance, etc., are monthly expensed items.

5. Finance travel expenses—While travel expense is considered to be discretion-
ary and can easily spiral out of control, developing relationships to start a new
business or to modify an existing supply chain network requires significant
face-to-face time with other parties.

6. Finance plant and equipment—The cost of plant and equipment will depend
on whether you intend to be a virtual company, partner with an existing
company, or collaborate with a group of companies. Do you expect to rent,
lease, or own a building, office furniture, vehicles, production equipment,
inventory storage space, and/or material handling equipment?

7. Finance IT—Every business needs telephone systems or cell phones, Internet
access, workstations, or personal computers, or tablets for each employee, plus
computer systems for production and inventory planning and control, account-
ing systems, etc. There may be additional software licensing fees, equipment
maintenance contracts, and consulting fees. Information system purchases are
a mix of expensed and capitalized items. The balance sheet shows the capital-
ized fixed asset portion often covered by long-term debt, while the expensed
portion is covered by monthly cash outlays on the income statement.

8. Finance inventory—You will have to finance the cost of inventory through
accounts payable to support planned throughput plus buffer inventory and
safety stocks throughout the supply chain network.

9. Finance accounts receivable credit—When you sell a product on credit, you
have to finance some number of days of accounts receivable until the cus-
tomer makes the payment.

10. Finance marketing/sales collateral expenses—To develop demand for the busi-
ness, you will have to tell potential customers about your product and develop
marketing strategies to penetrate new markets. This might include sales bro-
chures, catalogs, websites, trade shows, etc. These are accrued expenses.

11. Finance business fees and income taxes—The structure of fees and taxes depends
upon the geographical location of the business and potentially upon tax incen-
tives for new business start-ups. These topics are outside the scope of this book.

12. Finance termination expenses— There may be one-time expenses for employee
severance packages, the final dispositioning of obsolete inventory, breaking
leases on buildings, etc.

13. Finance legal review—There may be legal fees to write and review contractual
agreements.

A Virtual Enterprise Plans Its Start-Up Cash Flow

A small team of experienced people decide to start a new virtual business. By “vir-
tual,” they mean to leverage manufacturing and distribution facilities operated by
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other organizations so that they do not have to make large initial investments for
plant and equipment. The team figures they can add value and control the supply
chain network because they own an innovative product design, and they have a
vision of how to sell that solution into a new market segment. The team has written
a business plan and has attracted investors willing to fund their start-up. One rea-
son investors are willing to invest is the match of product value to market segment
need just makes sense; it is easy to explain and to understand.

A second reason the investors are willing to invest is that the team’s business
plan includes the supply chain construction project budget shown in Table 4.9.
The investors realize that the team has the management maturity to detail their
cash needs through the first 12 months of their business plan. The supply chain
construction project budget is organized as follows. The columns on the spread-
sheet represent months and extend 12 months into the future. The rows on the
spreadsheet are segmented into three groups. The first group of rows details the
basic team employee expenses for wages, payroll taxes, benefits, and rented office
space. These expenses will have to be paid regardless of the outcome of the project.
The second group of rows details specific investments for travel to form the virtual
relationships, for unique tooling and equipment to be added to a third party’s plant,
and for an IT solution to run the network. These investments are necessary to build
the supply chain network. The third group of rows details investments for product
inventory, accounts receivable, and marketing and sales collateral. These invest-
ments are necessary to begin delivery of the product through the new or modified
supply chain. The numbers at the beginning of each row refer to the expense cat-
egories described above.

The time fences that segment the columns in Table 4.9 are less obvious. Team
wages extend throughout the whole 12 months of the project. The team plans
to take three months to build the network. They plan to take an additional four
months for material purchasing lead time and manufacturing cycle time to build
a finished goods inventory of product. The team expects sales revenue generated
in the second half of the year to be profitable by the 12th month of the project.
The team also developed a worst-case budget for its investors, with network con-
struction taking five months, filling the network with product inventory taking six
months, initial sales taking six months, and first profit by the 18th month.

The fourth group of rows is the cash flow projection. The team plans to ask for
an initial investment of $400,000. This investment would support a team of four
people, each being paid about $42,000 for the first year, plus inventory investment
beginning in month 4, production equipment in month 6, and account receivable
credit beginning in month 8. With a $400,000 initial investment, the best-case
ending cash flow bottoms out at $39,000. This leaves a cash cushion that is too
small to support the worst-case 18-month project. Should the ending cash flow go
negative, the team will have to ask for additional funding. Revenue will have to
grow quickly in the second year to generate a reasonable return on investment for
the investors.
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Table 4.9 Example Start-Up Supply Chain Construction Project Budget
(Figures in 1,000s)

Build the Build Product
Network Inventory Build Revenue
Month 1 2 3 4 5 6 7 8 9 10 11 12

Assemble the team

1. Salary $14 | $14 | $14 | $14 | $14 | $14 | $14 | $14 | $14 | $14 | $14 | $14

2./3. Payroll $4 | $4 | $4 | $4 | $4 | $4 | $4 | $4 | $4 | $4 | $4 | $4
tax + benefits

4. Offices $7 $7 $7 $7 | $7 $7 $7 $7 $7 $7 $7 $7

Build the network

5. Travel $1 | $3 | $3 $3 | $3 | $3 | $3 | $1 | $1 | $2 | $1 | $1
6. Equipment $43 | $15
7. Info tech $14 $2 $2 $2

Begin product/service delivery

8. Inventory $14 | $14 | $14 | $35 | $35 | $42 | $42 | $50 | $50
9. AR credit $12 | $12 | $12 | $17 | $17
10. Marketing $4 $4 $4 $4 $4 $4 $4
Totals $26 | $28 | $42 | $42 | $44 | $89 | $82 | $79 | $84 | $84 |$99 | $97

Cash flow projection

Month 1 2 3 4 5 6 7 8 9 10 11 12

Starting cash | $400 | $374 | $346 | $304 | $262 | $218 | $129 | $47 | $39 | $40 | $40 | $40

+Receipts $71 | $85 | $85 | $99 | $99

—Payments ($26) | ($28) | ($42) | ($42) | ($44) | ($89) | ($82) | ($79) | ($84) | ($85) | ($99) | ($97)

Ending cash | $374 | $346 | $304 | $262 | $218 [ $129 | $47 | $39 | $40 | $40 | $40 | $42

An Existing Business Upgrades Its Supply Chain

A small business has grown through acquisitions and is in desperate need of rein-
venting its supply chain. Senior management decides to consolidate DCs and fac-
tories, keeping its suppliers and retail stores intact. Engineering work has already
been done to convert the product and part numbering schemes from the acquired
businesses to the parent company’s methodology. Now, an experienced five-person
task force is assigned the job of implementing the supply chain upgrade. The task
force decides to combine all production into the largest of two existing factories,
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while terminating business with the smaller factory. A $30K welding machine will
have to be purchased; it has a 14-week lead time. The larger factory will have to
prove that it can meet the cost and quality targets for each product currently made
by the smaller factory. The task force decides to contract with a new third-party
logistics (3PL) company to manage the distribution and warehousing for all its
products. This means existing inventory must be pulled out of the existing dis-
tribution network and moved to new warchouse locations. This upgrade requires
significant data rerouting and report reformatting within the I'T system. Senior
management has agreed to spend $15K to upgrade the information system. The
task force is challenged to both complete the upgrade within six calendar months
and make the upgrade transparent to customers. Since continuity of supply is a
must, the new network and inventory must be in place before the old network and
inventory can be turned off.

This supply chain construction project involves a high degree of negotiation to
choose a new 3PL distributor, to exit the existing distribution network, and to end
production at the smaller factory. Negotiation means staffing, travel, communica-
tions, and legal review expense. The project involves data integration and redirection;
these mean staffing and IT expense. The project involves building and testing some
new assembly processes at the larger factory, including a new welding process. This
means staffing, communications, travel, and equipment expense. The project involves
repositioning existing inventory to new locations, redirecting supplier shipments to
the larger factory, and redirecting shipments from new warchouse locations to the
existing set of retail stores. This means stafling, communications, inventory, and
logistics expenses. Table 4.10 shows the first steps in preparing a supply chain con-
struction project budget for a transitional project. The columns represent each month
in the project. Although senior management wants this project wrapped up in six
months, there are a lot of moving parts and difficult negotiations. Such a project could
easily drag on for the better part of a year. The rows are grouped around five tasks:
(1) assembling the team, (2) building the new network, (3) exiting the old network,
(4) beginning product delivery from the new network, and (5) ending product delivery
from the old network. The bullet points for each task group are reminders of the most
significant deliverables. The “x’s” in each row indicate the expected monthly timing for
that expense. The project budget is completed by dollarizing each of the “Xs”.

When modifying a supply chain, you have to plan your cash flow from the cur-
rent “as-is” state until the time that you can achieve the “to-be” state. Table 4.10
covers the “as-is” state by the row groups “exit the old network” and “end product
delivery from the old network.” Table 4.10 coves the “to-be” state by the row groups
“build the new network” and “begin product delivery from the new network.” Six
to eight months is a reasonable planning period unless you know of critical process
tooling or long lead time materials that will take longer. Revenue will fall off during
the transition, and funding must be provided to keep the business going until the
“to-be” revenue meets and exceeds the “as-is” revenue. The ending cash must never
be allowed to go negative.
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Table 4.10 Example Transitional Supply Chain Construction Project Budget
(Figures in 1,000s)

Month 1 2 3 4 5 6

Assemble the team

Five people assigned to the project for six to eight months.

1. Salary X X X X X X
2./3. Payroll taxes + benefits X X X X X X
4. Office space + utilities X X X X X X

Build the new network

¢ Consolidate factories; add a $30K welding machine.
¢ Use new 3PL relationship to manage distribution.

¢ Invest $15K to upgrade the information system.

5. Travel X X X X X X
6. Process equipment $30 X

7. Info technology X $9 $6 X X X
13. Legal review expense X X

Exit the old network

e Exit the smaller factory.
e End the current warehouse relationships.

* Move inventory to the 3PL.

5. Travel X X X X
12. Termination expense X
13. Legal review expense X X

Begin product delivery from the new network

Expect an initial drop in revenue.

8. Inventory X X X X
14. Logistics expense X X X X
9. A/IR credit X
10. Marketing expense X X X

(Continued)
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Table 4.10 (Continued) Example Transitional Supply Chain Construction
Project Budget (Figures in 1,000s)

Month 1 2 3 4 5 6

End product delivery from the old network

Continuity of supply is a “must.”

8. Recycle inventory X X X
12. Termination expense X
Totals

Cash flow projection

Starting cash

+Cash receipts

—Cash payments

Ending cash $>0 | $>0 | $>0 | $=0 | $>0 | $>0

Fund the Construction Project

You will need to have a financial plan prepared for the cost of either starting up
a new supply chain when starting a new business, or the cost of modifying an
existing supply chain as the business changes. You will need to estimate the total
amount of funding required, to know the source of these funds, and to forecast
how quickly business profits can pay back the funding. This is a critical period for
any business, as you will have to balance the use of any profit between growing the
business and paying off debt. A cash flow shortage can bring your business to its
knees. Financing poured into a business that does not turn a profit within a reason-
able timeframe will turn away future investments.

Cash Flow Statement Basics

The cash flow statement shows the sources and uses of cash in your business over a
long period such as a fiscal year. The cash flow statement is part of a company’s finan-
cial records along with its balance sheet and income statement. The cash flow state-
ment shows the sources and uses of cash separated into three components: operations,
investments, and financing. The net change in cash flow may be positive or negative,
meaning that your total cash has increased or decreased over the period. Line items in
the cash flow statement, such as net earnings and depreciation, are adjusted to reflect
only real cash balances without future credits. Table 4.11 shows an example statement.
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Table 4.11 Example Annual Cash Flow Statement (Figures in 1,000s)

Cash Flow Statement
Company Name

For the Fiscal Year Ended Dec. 31, 20YY

Cash flow from operations

Net earnings (adjusted for credits) $2,900

Period depreciation (this is not a cash flow) $175

Cash in from operations

Decrease in inventory $0
Decrease in accounts receivable $0
Increase in accounts payable $155

Cash out from operations

Increase in inventory <$270>
Increase in accounts receivable <$150>
Decrease in accounts payable $0

Cash flow from investing

Cash in from investing

Divest an old asset (such as building and equipment) $0

Cash out from investing

Purchase a new asset (such as building and equipment) <$940>

Cash flow from financing

Cash in from financing

Secure a new loan $100

Sell additional shares of stock $0

(Continued)
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Table 4.11 (Continued) Example Annual Cash Flow Statement
(Figures in 1,000s)

Cash Flow Statement
Company Name

For the Fiscal Year Ended Dec. 31, 20YY

Cash out from financing

Pay dividend to shareholders $0
Pay interest to bond holders $0
Make balloon payment on debt $0
Net cash flow for fiscal year ended Dec. 31, 20YY $1,970

B Cush flow from ner earnings—Real cash in and cash out from net profit/loss
adjusted for future credits. Depreciation is always added back because it is
not a real cash flow.

B Cush flow from operations—Real cash in and cash out from operational
changes during the period to inventory, accounts receivable and accounts

payable.

B Cush flow from investing—Real cash in and cash out from investments over
the period.

B Cush flow from financing—Real cash in and cash out from financing over the
period.

The cash out to fund your supply chain construction project impacts net cash
flow during the calendar period of the project. If the current cash balance and
projected net cash flow are insufficient to cover the planned cash budget for your
project, then additional financing will be required.

Equity and Debt Financing

A supply chain construction project is initially funded from the liability and net
worth side of the balance sheet. At the start-up of a company, paid-in capital plus
long-term debt determines the total amount that can be spent. Once a company
operates, the paid-in capital and long-term debt are offset by assets, current or fixed.
To make more funds available for supply chain construction, increases in paid-in
capital or long-term debt are required. Paid-in capital implies the transfer of partial
ownership of the business in exchange for the expectation of an investment return
on company stock. This is equity financing. Long-term debt implies a financial loan
to be paid back with monthly interest either in monthly installments or with a bal-
loon payment at the end of the loan period. This is debt financing,.
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B If the business start-up cannot generate a competitive return, then the ven-
ture capitalist and/or other investors will withdraw their support in search of
a better return on investment.

B If the need for funding becomes dire, then the entrepreneur may find that he
or she no longer owns the company because a majority of the ownership has
been sold in exchange for an infusion of cash.

B If che business start-up defaults on its monthly debt payment or on the bal-
loon payment at the end of the loan, the business will face bankruptcy.

You must understand the parameters for the minimum and maximum rate of
growth that your business can sustain. When starting a new supply chain network
from scratch, you have to plan your cash flow from the time of investor funding
until the time that the revenue generated from the sale of your products and ser-
vices becomes self-sustaining. The investor cash flow will start from a fixed amount
and will be spent until it is depleted. The revenue generated from product sales
will start at zero and will hopefully grow to a large number. If the business cannot
sustain its immediate cash flow requirements, then it has the following alternatives
in descending order of desirability:

B Secure a revolving line of credit at a high interest rate to handle peak cash
demands.

B Refinance its debt at a lower interest rate, if market conditions allow.

B Secure additional long-term debt, putting the business farther behind in its
ability to pay off its debt.

B Raise additional paid-in capital by selling more stock. This dilutes the com-
pany ownership of previous shareholders and can tip the majority ownership
to someone outside the company.

B Shrink its business footprint with layoffs and the sale of assets.

B Factor its accounts receivable and inventory with a third party.

B Enter bankruptcy proceedings.

In Summary

This chapter explains how cash flows into and out of the balance sheet, how cash
is replenished from income statement profit, how changes to cash are tracked on
the cash flow statement, and how to estimate extra cash needs for your supply
chain construction project. The cash-to-cash cycle is defined for trading partners
buying upstream and selling downstream. The velocity and variability principles
are used to determine how to accelerate the cash-to-cash cycle velocity and mini-
mize its variance. The chapter looks at margin from an income statement perspec-
tive. Product pricing must be high enough to generate a profit margin yet low
enough to be competitive in the market. The timing of accounts receivable from



Cash Flow m 139

income statement revenue and the timing of accounts payable from income state-
ment expenses are translated into a cash flow projection. This answers questions of
how much cash is needed to run the business and how long it will take to replenish
the initial cash investment. The cash flow statement documents the sources of cash
from operations, from investing, and from financing. Finally, the chapter describes
how to budget cash for a supply chain construction project.






Chapter 5
Make

Whether you are in the business of making a product yourself or contracting pro-
duction out to a domestic contract manufacturer (CM) or outsourcing production
to another country, the supply chain construction guidelines in this chapter are
relevant. The factory for a supply chain network can be located almost anywhere.
But the factory organization and geographical location selected to manufacture
the product are critical to achieving your price/landed cost, product flexibility, and
delivery reliability goals. On the one hand, a factory located close to the market
may have a noncompetitive labor rate. On the other hand, a factory located in
a distant land to be close to raw materials (RMs), cheap labor, or cheap energy
may be noncompetitive in international logistics costs and flexibility. Information
regarding the bill of materials (BOM), product configurations, forecasts, planning,
supplier purchases, invoicing, and customer shipments must flow seamlessly among
the trading partners. In this chapter, you learn how to select a factory to best fit
your supply chain needs.

Connecting the Dots

Bill stood at the whiteboard and drew three circles in a row. He labeled them
“SOURCE,” “MAKE,” and “DELIVER.” On the line connecting MAKE and
DELIVER, he wrote “value-added reseller (VAR) product cost = $350.” On the
line connecting SOURCE and MAKE, he wrote “material landed cost = $180.”

“This is our current supply chain echelon map. Remember, it is always the sell-
er’s price and the buyer’s cost,” he said. “Tony, would you please brief the team on
the refined cost model that you and I discussed? Use the whiteboard, and write it
all down.”

141
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Tony walked to the whiteboard, “This is the cost model we are going to use for
this project. The factory material cost is the supplier material price plus inbound
freight cost. The factory labor cost is the labor hours to build the uninterruptable
power supply (UPS) times the factory labor rate in dollars per hour. The factory
overhead is a multiple of the factory labor cost. The factory cost of goods sold
(COGS) is the sum of material plus labor plus overhead. The factory selling price
is factory COGS times one plus the %factory markup. The %factory markup is
determined from income statement ratios. The VAR product cost is the factory sell-
ing price plus the midbound logistics cost. That’s it.”

“Gee, that sounds really simple,” kidded Donna.

“OK. Maybe an example will help,” admitted Tony. “Suppose the factory has a
labor rate of $24/hour, a factory overhead of 200%, and a factory markup of 43%.
The 43% gives us a 70% COGS-to-revenue ratio. Then for a UPS product design
with $180 in material cost and 1.5 hours of labor content, the factory selling price
would be calculated like this. Material cost is $180. Labor cost is 1.5 hours times
$24/hour, or $36. Overhead at 200% is two times $36, or $72. COGS is $180 plus
$36 plus $72, or $288. The factory selling price with a 43% markup is $288 times
1.43, or $412.”

“That doesn’t work. You are already over the $350 VAR cost,” said Harry.

“Oh, you noticed?” said Bill. “This is the first key supply chain decision point
for this team. The example numbers Tony used are real numbers for our factory.
The example says that unless Engineering can refine the design and significantly
cut material cost and labor hours, we cannot manufacture the UPS product in our
factory here.”

Everyone on the team fell silent.

“What about inbound and midbound freight?” asked Donna, finally after
studying Tony’s numbers.

“You can use 6% of material as a starting estimate for inbound freight. That
adds $180 times 6% times 1.43, or $15.44, to the factory selling price,” said Bill.

“...And midbound freight?” This was a subject Donna wanted to learn more
about.

“It only gets worse,” replied Bill. “It depends on where the factory is located. A
UPS is heavy and bulky because of its batteries. Motor freight can be used domesti-
cally. But if we decided to manufacture out of the country, in China for example,
then we would probably use ocean freight to the west coast and motor freight across
the country.”

“How do we decide where to manufacture?” asked John. “China is new to us.”

“That’s a great question!” replied Bill. “When the labor content is the most
significant part of COGS, there are other countries in the world that have much
cheaper labor rates than we do. When the material content is the most significant
part of COGS, you can only go back into the design and simplify or cost reduce
the BOM.”

“What do you mean?” asked John.



Make m 143

Bill continued, “Let’s look at a couple of scenarios. Suppose we could find a fac-
tory in China where the labor rate is $2/hour, overhead remains 200% and factory
markup remains 43%. Then forgetting logistics costs for the moment, material is
$180. Labor is $3. Overhead is $6. COGS is now $189. The factory selling price is
$189 times 1.43, or $270. Or, suppose Engineering could pull $50 out of material
cost with everything else remaining the same. Then material is $130. Labor is $36.
Overhead is $72. COGS is $238. The factory selling price is $238 times 1.43, or
$340.”

“So, if we could take out some material cost, then we could manufacture here?”
asked Harry.

“That would be great. I know the folks in our plant would be happy to hear
that. Maybe with the higher volumes, Purchasing can get some good material dis-
counts,” said Donna wistfully.

“I don’t want to burst anyone’s bubble, but there is a second supply chain deci-
sion point we need to discuss. But first, a question to Harry...how many VARs does
Computer Products sell through?” asked Bill.

“I would have to find out the exact number, but it’s probably in the range of 100
to 150 VARs,” replied Harry.

“Right. Would we really expect the midbound logistics for 2,500 heavy, bulky
UPS products per month from China to 100 different VAR locations to be eco-
nomical with predictable delivery lead times? No, I don’t think so. Who can tell
me the implication of midbound logistics from a distant factory?” Just then, a light
bulb went off in Harry’s mind. “We are going to need to add a distribution center
(DC) between the factory and the VARSs,” he said quietly.

“Yes. And when that happens, we add another echelon into our supply chain,”
said Bill.

Harry replied, “There will be another markup factor. Now we have a fac-
tory markup, a distributor markup, and a VAR markup. Lets see, working
backwards...$500 customer cost times 70% for a VAR markup times 70% for a
distributor markup times 70% for a factory markup leaves just $172 for factory
COGS. This is less than our current material cost alone. Maybe the VAR and dis-
tributor factors will only amount to 75% each. That would give us a factory COGS
of $197.”

“The costs are a little more complicated. The distributor has warehouse labor
and overhead just like the factory before any markup. We want to at least distribute
from our own division for revenue recognition. Suppose the distribution labor is
0.15 hours. Then working forward the distributor’s price becomes the $270 Chinese
factory price plus $3.60 for labor plus $7.20 for overhead for a distributor COGS of
$281 here in the United States. This gives a distributor price of $373 using a 33%
markup,” said Tony.

“...Plus the $15 for inbound freight,” said Bill. “The freight connection between
the factory and the distributor is called midbound freight. It’s time in our discus-
sion to estimate a number for midbound freight. Today, a 40 TEU ocean freight
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container, which is 40 twenty foot equivalent units (TEU), from Hong Kong to
Oakland, California, costs about $2,400. It can hold 40 pallets double stacked.
While it will depend on the final pack out dimensions of our UPS product, sup-
pose that each pallet can hold 24 units. Then 24 units per pallet times 40 pallets per
container would yield 960 UPS products in one container. $2,400 in ocean freight
costs divided by 960 products equals $2.50 midbound logistics cost per product.
We would need to add motor freight costs on both sides of the ocean freight con-
nection. One motor freight leg is from the factory to the port of origin and the
second motor freight leg is from the port of destination to the distributor. This is a
complete guess, but say, the total motor freight adds $8, then the total midbound
logistics cost is $10.50 plus duty.”

“So what are we looking for in a factory?” asked Donna.

“In this scenario, the addition of a distributor forces us to license our product
design to a CM. The CM we choose must have high-quality electronics manufac-
turing experience, a labor rate less than one tenth of ours, and a capacity to build at
least 2,500 units per month. I'll speak with George to see if he has any advice. We
can use the Internet to search for candidates,” said Bill.

“I sure don’t like the idea of building our product somewhere else,” said Donna.

Stepping back to the whiteboard, Bill acknowledged their feelings and said,
“It’s a tough business decision. We have batted around a lot of numbers with many
different assumptions. Let me summarize what I will be telling the vice presidents.
The team needs to construct a six-echelon supply chain network: echelon 6, raw
material, feeds echelon 5, an international supply base, which feeds echelon 4, a
foreign CM, which feeds echelon 3, our site as distributor, which feeds echelon 2,
domestic VARs, which feeds echelon 1, domestic customers. On a per-unit cost
basis for this to work, the material cost is $130, inbound freight is $15, the factory
labor hours are 1.5 hours, the factory labor rate is $2/hour, the factory overhead
is 200%, the factory COGS is 70% of factory price, midbound freight is $10.50,
distributor hours are 0.15 hours, distributor labor is $24/hour, distributor overhead
is 200%, and the distributor COGS is 70% of distributor price and we will add
$3 for outbound freight and use a VAR COGS at 70% of the VAR price for a
product price of $498. Engineering has to reduce material cost by $50 and license
the product design. Operations has to select a CM and expand on-site distribution
here. Marketing has to get the Computer Products server forecast and negotiate a
favorable discount with each VAR.”

Summary: material landed cost = $145; factory price = $220; distributor price =
$345; VAR price = $498.

Know What Your Customer Values

Before supply chain networks, there were factories. These factories considered
themselves to be self-sufficient. They had complete functional structures with
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management, sales and marketing, engineering, quality, finance and accounting,
information systems, production, materials, purchasing, facilities, and human
resources. They invented products; they built products; they sold products. Factory
competed against factory. They thought they were the masters of their own destiny.

In today’s world, there are supply chain networks. Supply chains compete
against supply chains. The factory is but one echelon within a supply chain net-
work. The factory may be a division of a multinational corporation, an independent
third party, or an incomplete functional structure dependent upon other functions
owned by other organizations within the network. You need to understand the
subtle differences.

This Customer Valued Flexibility

The Power Supply Division was a very successful $100 million division of a mul-
tinational corporation. The power supply factory was self-contained and totally
focused on power products; in fact, it was the only factory in the corporation mak-
ing these products. It accumulated customer orders from a captive field sales force
selling a wide variety of products made across all the divisions in the corporation.
It shipped factory direct from its east coast plant to end customers worldwide.
The power supply factory organization included significant hardware and firm-
ware design engineering resources and a captive fabrication shop that built custom
power magnetic components.

The fastest growing market segment for the Power Supply Division was European
cell phone original equipment manufacturers (OEMs). This was during the time of
rapid expansion in cell phone manufacturing capacity. The life cycle time for next
generation handsets had shrunk from several years to less than a year. New OEM
customer automation had to be built to accommodate the miniaturization of each
new handset generation. Each new handset production line was an opportunity for
the power supply factory to win a new OEM customer automation sale. Yet, over
time, it had become apparent that winning a sale at one manufacturing site of one
of the competing cell phone parent companies did not guarantee winning the sale at
another manufacturing site for the same cell phone parent company. The power sup-
ply factory was winning orders by being more flexible than its competitors. Once the
next-generation handset design was made known, engineers from the power supply
factory would travel to the OEM customer site to accelerate the design and imple-
mentation of customizations on its own product. These customizations increased
handset throughput, which gave the OEM customer a big advantage.

At about the same time, the huge parent company of the Power Supply Division
split into two smaller, independent companies. When the dust settled, the new par-
ent company found it necessary to expand its international manufacturing presence
to continue selling into certain world markets. The new operating strategy called for
outsourcing the production of power supplies to Southeast Asia. Temporary staff was
hired to form sending and receiving teams responsible for the details of the product
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transfer. Additional cash was invested in building buffer inventory to ensure a continu-
ity of supply for customers. The transition plan was both aggressive and well executed.

The power supplies were slated to be outsourced to a lower-cost factory in
Penang, Malaysia, that was previously owned and operated by the new parent com-
pany. This factory was a highly automated electronics component manufacturer. Its
workforce was highly skilled in loading and unloading silicon diffusion furnaces, in
wafer cutting, in die attach, in lead bonding, and in operating chip encapsulation
equipment. But this Malaysian workforce knew little about mechanical assembly,
chassis wiring, final test, or custom fabrication of ferrite core magnetics. While the
labor rate was much lower, the assembly times were longer until the newly trained
workforce moved down the learning curve. Management at the new factory did not
see any need to incur the expense of flying its engineers to Europe for new product
customization meetings. Where the domestic factory had shipped product 3,900
miles by airfreight to meet tight competitive deadlines, the Penang factory shipped
product 12,600 miles by ocean freight to save cost, thereby missing critical dead-
lines. In the end, even though the product was technically superior, this cultural
misunderstanding of the need for manufacturing flexibility and rapid response lost
the cell phone handset business to the competition.

That Customer Valued Capability

A seven-person start-up technology company had leveraged its ideas into a viable
$5 million business by creating a virtual supply chain network. The founders did not
own anything other than a very clear sense of the market, some hardware patents,
and a deep understanding of the technology cost drivers. Not wanting to turn over
ownership of their fledgling company to venture capitalist, the founders struggled
to finance their cash flow with personal debt. They managed to grow their presence
in the marketplace by wedding, then divorcing, a series of partner companies who
each provided new cash infusions against the potential for high growth.

To the outside world, the virtual supply chain architecture gave the little com-
pany the appearance of a much larger footprint. The core of the business, held
by the founders, was rooted in intellectual property and great salesmanship. The
founders had managed to secure a series of win—win relationships with other orga-
nizations to outsource functional pieces that the technology start-up was missing.
The commercialization of their latest technology held great promise for huge rev-
enue and profits for all the parties. A relationship with a local electronics CM was
one such key relationship. Over seven years, throughput grew to $4 million/year in
hardware sales, which was half of the local CM’s total revenue. The local CM both
built the base products and kitted the products with a wide range of accessories that
the local CM either built or purchased. The business was highly volatile in both the
rate of base product shipments and the mix of specific product accessory kitting.
The local CM managed its workforce and its inventory to accommodate this ship-
ment volatility at a minimal cost to its now largest customer.
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When the technology company had grown to 35 employees, a revenue run rate
of $12 million, and the founders had grown tired of living hand to mouth, the busi-
ness and intellectual property was sold to a $100 million company. The new owner
had existing relationships with other CMs. The new owner was anxious to consoli-
date production and showcase its manufacturing prowess. But in performing its due
diligence while acquiring the technology company, the new owner failed to under-
stand the magnitude and sales implications of being able to make and deliver such a
volatile product mix. The new owner’s preferred electronics manufacturing services
(EMS) organization built 20 times the volumes of a few products. This EMS was
not attracted to the low volume of $4 million/year in incremental sales spread over
a mix of dozens of kitted accessories. The EMS reluctantly agreed to “give it a go” as
a favor to the new owner, but at a barely competitive product price. Each time the
EMS had to adjust its workforce or expand its inventory, the new owner received
surprise invoices from the EMS. The low-volume, high-mix manufacturing plus
the requirement to act as the distributor just did not fit the EMS’s focus on high
volume, low mix. The resulting cost and delivery performance was disappointing.

Understand What Makes a Good Factory

As you shop around for a factory organization to meet your supply chain network
needs, you will meet willing people and come across business solutions that may seem
to fit. But just what makes an organization a factory rather than a distributor or supplier
or service bureau or recycler? Consider the basic process flow that you need to manufac-
ture your product, the types of product information flow that is unique to manufactur-
ing, and the internal organizational structure needed to support manufacturing,

Manufacturing Transformational Process Flow

Component parts flow into the input of your factory and finished product flows
out of the output of your factory. In between, the manufacture of your product
requires some kind of value-added transformation. This transformation may be
accomplished by direct labor, by production equipment, or by a combination of
direct labor and production equipment. Transformation examples might include
the mechanical assembly of parts in an electronics work cell, the robotic welding of
a car chassis on an automotive production line, or the overhead crane-assisted wing
attachment to an airframe in an aircraft production hanger.

You need to know the set of production processes your product requires. You do
not want to load your product production requirements into a factory that has no
manufacturing experience or production equipment to do your job. A factory with
an electric arc welding competency with metals is not going to be able to ultrasoni-
cally weld plastics. The production equipment is different and the base materials
are different. In another example, a factory that currently builds complex wiring
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harnesses for off-road vehicles and military customers would probably be a good fit
for making other kinds of high-reliability cable assemblies for construction equip-
ment operated in harsh environments.

Think of manufacturing simply as a series of transformational process steps.
There may be one, two, or a dozen different transformations in series and in parallel
until a complete product comes out the other end. The following actions need to be
organized for each separate manufacturing process:

B dentify and count—Each of the input component parts and materials needs
to be identified and counted. This is often facilitated by the supplier’s lot
sizing, packaging, marking, bar coding, and radio frequency identification
(RF-ID) tagging.

B Move and stage—Sets of input component parts and materials have to be
moved from receiving or the warehouse or the output of the last process to
the input of the next process. Staging could mean placing parts on gravity-fed
rollers, arranging parts in bins around a work cell, dumping parts into vibrat-
ing hoppers, or threading parts into magazine feeders.

B Value-added transformation—The direct laborers, with the aid of production
equipment, MAKE one kind of transformation over and over until a com-
plete set of parts and materials has received this particular transformation.
These transformations ultimately produce the end product.

B Tjpes of manufacturing inventory—The type of inventory found in manufac-
turing varies along the transformational steps of the process.

— Raw material inventory (RM)—The lower-level items specified in the
product BOM that are required to make the product. RM is valued at
the price of the material.

—  Vendor-managed inventory (VMI)—Small items, such as hardware fas-
teners, managed and delivered directly to factory floor locations by the
supplier. VMI inventory is owned by the supplier until it is consumed by
the factory. Accounts are settled once a month.

—  Quarantined inventory—RM found to have a specification discrepancy
or a defect that is waiting for a settlement between the factory and the
supplier.

—  Customer-owned inventory—Special RMs purchased and owned by the
customer for a specific factory job like a new product pilot. The inventory
is transferred to the factory when the RM is consumed.

—  Work-in-process inventory (WIP)—Inventory found in fabrication and
assembly areas of the factory. This inventory is issued and received against
a work order. It is valued as material plus labor plus overhead. The details
of WIP are generally not addressed in this book merely to simplify the
discussion of accounting for costs while converting from RM to FG
inventory.
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— FG inventory—Finished product inventory ready for shipment. FG is val-
ued at material plus labor plus overhead, or COGS.

— Consigned inventory—Finished goods physically located offsite, such
as for spares or customer demonstrations, which are still owned by the
factory.

B Pack and move—The output subassembly or product is collected and either
protected for movement by being loaded into totes or packaged and pallet-
ized for shipment. The output is then either moved to the input of the next
transformation work center or moved to the shipping area.

Each of these actions is repeated as a set for each manufacturing process until
the product is completed (see Figure 5.1). Each process has a capacity that is depen-
dent on material yield, the number of dedicated machines and machine hours,
and the number of trained direct laborers and direct labor hours. The application
of Lean Manufacturing principles works to minimize or eliminate the non-value-
added aspects of identifying, counting, moving, staging, and packing, leaving only
purely valued-added processes.

While a given process can often accommodate a broad range of products, prof-
itable factories usually focus their attention on a particular industry segment, such
as automotive, textiles, etc. This is because the investment in material handling and
process tooling is tailored to fit specific size parts built from specific RMs. While
the same six-axis robot programmed to weld on an automotive assembly line could
be programmed to load and unload a plastic injection molding machine, it would
simply not make much sense. The materials are steel versus plastic; their weights
and densities vary considerably. The product sizes are huge versus tiny. The welding
torch, the vision system, and the articulation patterns are different. Moreover, the
economics of capital investment in robotic technology versus manual labor hours
saved are vastly different.

Transformation Transformation Transformation
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Figure 5.1 A manufacturing transformational process model. C = count; Id =
identify; In = inspect; M = move; P = pack; S = stage; T = test.
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Manufacturing Documentation Requirements

Whether you decide to build a product yourself or contract with a factory to have
the product built to your specification, manufacturing requires this minimum set
of technical and operational documentation:

B Nondisclosure agreement (NDA): Keeping secrets secret—The exchange of the
product and process technical information required to make the product
often begins with an NDA. This legal document assures both parties that
the other party will not divulge specified areas of intellectual property and/or
trade secrets for a specified period of time, usual three to five years.

B BOM: The material to build the product—The BOM consists of an item mas-
ter and a product structure. The item master is the list of unique component
parts and RMs with their approved suppliers that the factory’s purchasing
department must buy from the upstream supply base. The product structure
describes the parent-to-child relationship for each component part and RM,
including the quantity used per relationship.

B Process sheets: The labor and machine instructions to build the product—These
engineering documents are specific to each type of transformational process.
A mechanical assembly operation uses assembly drawings, a surface mount
reflow soldering operation uses temperature profiles and carrier speeds, a
robotic spot welder uses weld maps, etc.

B Routing file: The process sequence to build the product—This document
describes the sequence of steps to transform a set of parts into a completed
product. The routing file specifies which work center will perform each pro-
cess step and usually gives the standard time expected to complete the work.
This routing is a key input into identifying the capacity constraint on the
shop floor. Sometimes, when a particular work center is over capacity, an
alternative or secondary routing is used to break the constraint.

B Test and inspection criteria: The method of validating the product—ZFEach and
every product must be tested and inspected before being packaged for ship-
ment. In today’s high-quality production environment, the product is con-
tinuously checked within the current process step before being passed on to
the next process step in its routing. This minimizes rework and maximizes
yield. When the product is complete, it is normal to test and validate the
performance of specific key parameters against a test and inspection criteria.
Statistical process control is used to identify when a particular product fails.

B Document revisions: Knowing the product is being built to the latest change—
Each of the different documents described above may be revised at any time.
It is often a nightmare for the factory to keep current with product and pro-
cess engineering design changes. You must keep a highly disciplined filing
scheme for updating, tracking, and confirming that all production documen-
tation is current.
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W Pricing agreements: Product pricing—This is a contractual business document
that guarantees a product price for a specified volume of production over a
specified timeframe, such as one year. Contracts usually include much more
such as the maximum inventory the factory will carry for the customer; typi-
cal delivery lead time and added costs for handling engineering change.

Manufacturing Organizational Structure

The organizational structure for a manufacturer flows from Figure 5.1 above and
from the cash-to-cash concepts described in Chapter 4: “Cash Flow.” Each of the
functional requirements listed in the bullets below needs to be addressed. In small
factories, some functions are missing altogether. In medium-size factories, some
employees wear multiple hats. In larger factories, each function is a different indi-
vidual. It is important that you assess the internal organization of a factory before
deciding to do business with them.

The following functional areas implement the factory’s order-to-delivery-to-

cash cycle:

Supply

B Forecasting—PForecasts the rate and mix of products to be manufactured.

B Planning—Schedules the shop floor based on the forecast and current order
backlog. Generates the master production schedule input into materials
requirements planning (MRP) and capacity requirements planning (CRP).

B Purchasing—Manages the purchase orders that are one output of MRP to
order RMs and component parts from the supply base. Performs supplier
relationship management tasks. Matches supplier invoices against inventory
receipts and purchase orders (order information: factory to supplier) (invoice
information: supplier to factory).

B Receiving and incoming inspection—Receives RMs and component parts from
suppliers against open purchase orders (material: supplier to factory).

B Accounts payable—Manages the cash flow to pay supplier and logistics
invoices (cash: factory to supplier).

The following functional areas implement the factory’s value-added transformation:

B Manufacturing engineering—Validates customer product documentation and
creates factory process documentation. Inputs BOM information into MRP
and routing file information into CRP.

B Stockroom and material handling—Stores received RMs and component parts.
Identifies, counts, and issues RMs and component parts to manufacturing.

B Shop floor control—Manages the sequencing of work orders, another output
from MRP, that are used to order the production of specific quantities and
types of product.
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B Transformational value-adding process—Basic manufacturing process that
inputs direct labor and direct material and transforms it to output an assem-
bly or a complete end product. It is related both to a specific transformation
operation, i.e., welding, assembly, or mixing, etc., and to a generic product
type, such as automotive, electronics, or pharmaceutical, etc.

The following functional areas implement the factory’s order-to-delivery-to-
cashpang Cycle:

B Sales and marketing—Develops the market; quotes and sells the product to
the customer.

B Order processing—Manages the customer’s order from booking through ship-
ment. Keeps the customer advised of the shipping date (order information:
distributor to factory).

B Accounts receivable and credit management—Approves customer order book-
ing based on the customer’s open credit. Manages the invoicing and cash
flows from the customer payment (invoice information: factory to distribu-
tor) (cash: distributor to factory).

B Shipping and freight management—1Identifies, counts, and packages final
product for shipment to customers. Schedules pickup for midbound logistics
(material: factory to distributor).

B Export control—Performs regulatory documentation and export compliance
tasks for international shipments.

The following functional areas provide infrastructure and support within a fac-
tory organization:

B Finance and cost accounting—Maintains the general ledger, performs margin
analysis of product pricing, values inventory on the balance sheet, and pro-
vides management reporting including income statements, balance sheets,
and cash flow statements. Advises general management.

B Human resources—Hires and trains both direct and indirect labor. Manages
payroll. Manages employee benefits. Manages employee evaluation process.

B Quality—Establishes a company-wide philosophy of quality, validates mate-
rial compliance to specification, validates process compliance to specification,
trains and audits for International Organization for Standardization (ISO)
certification compliance. Samples product performance to specification.

B [nformation technology—Installs, upgrades, and maintains the information
technology systems used throughout the factory. Maintains software licens-
ing. Provides application training. Formulates disaster recovery plans.

B Facilities—Maintains the physical building, the production equipment,
and the grounds. This usually includes specialty work such as estimating,
mechanical, plumbing, electrical, heating ventilation and air conditioning
(HVAC), and site security.
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B General management—Consists of the C-level officers, i.e., chief executive offi-
cer, chief financial officer, chief technology officer, and chief operating officer,
responsible for business strategy, market development, product development,
financial return, organizational structure, sustainability strategy, supply chain
strategy, risk management strategy, regulatory compliance and more.

B Consultants—In addition, there may be any number of specialized consul-
tants on-call such as legal attorneys and patent attorneys.

Select the Best Factory

One key topic of this chapter is learning how to make a good factory selection to
meet your Supply Chain Construction Requirements Specification. And if your
organization is the factory, then this section describes how to best position your
organization to gain additional business. When you speak with a factory represen-
tative or search Internet sites such as www.alibaba.com, there is an overwhelming
amount of detail to consider. You need a clear road map through the maze and haze.

A Case of Misguided Assumptions

A three-person team was tasked with selecting a new contract manufacturer (CM)
for a growing electronics business with the objective of getting the lowest product
cost. Business revenue was currently $14 million and was projected to grow to $50
million within two years, mostly through acquisitions. The team’s approach was to
(1) establish decision criteria, (2) compile a list of possible candidates, (3) reduce the
list through phone interviews and Internet research, (4) schedule face-to-face visits
with the top three contenders, (5) issue a request for quote (RFQ), (6) evaluate the
written response, (7) make a selection, and (8) lock in the decision with a contract.

The candidate pool grew to 25 entries, including the current manufacturer, a couple
of regional manufacturers, a manufacturer in Mexico, two in China, three multinational
electronics manufacturing services (EMS) companies, and a manufacturer suggested by
senior management. After some analysis, it became apparent that the candidate pool
could be grouped into three tiers. Each tier was based on the relative revenue of the
manufacturer, the geographical footprint of the manufacturer, and the degree of manu-
facturing engineering support (see Table 5.1). A regional CM had only one factory. A
national plus EMS typically had one or two domestic factories plus a relationship with a
factory in another country. A global EMS had multiple factories around the world with
the ability to quickly shift production from one country to another.

The selection team gravitated toward the tier 1 EMS but later discovered that their
entry-level COGS volume of $8 million was unattractive to any tier I EMS. The EMS
would notaccept the promise of large future orders from such a small customer. In addi-
tion, the high product mix drove low inventory turns and high support costs, which
was also unattractive to any tier 1 EMS. The tier 1 EMS response was a “no bid” from
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Table 5.1 Manufacturer Classification
Regional National Plus Global
Footprint Footprint Footprint
Process and Tier 1 EMS
product ($1->$3 billion
engineering revenue)
support
Process Tier 2 EMS
engineering ($100->$300
support million revenue)
No engineering Tier3 CM
support ($10->$30 million
revenue)

one company and a price higher than they were currently paying from another com-
pany. The selection team then began to focus on the tier 2 EMS. The top runner was
a company that had a relationship with one of the senior executives from a previous
employment. This tier 2 EMS was located a thousand miles away in another time zone.
It slowly became apparent that this tier 2 EMS had a pricing model consisting of a fixed
menu with many cost adders. While the pricing for the base product appeared to be
competitive, building product options was extra, holding inventory was extra, process
support was extra, and engineering change orders were extra. The bottom line was that
pricing from this tier 2 EMS was not competitive when the required high product mix
and distribution capabilities were added in.

The selection team next considered the incredibly low labor rates found in
China. But the effort to develop a relationship with a Chinese factory with which
there was no previous relationship could be monumental. The hidden expense of
international travel, potential theft of intellectual property, inventory locked into
8,000 miles of ocean freight logistics, the lack of fulfillment flexibility, potential
quality issues with full containers of product, the supply chain risk, the trends in
labor rates and currency exchange, and the necessity of committing the company’s
best people to a long-term project was unpalatable to senior management.

Eventually, the selection team got around to asking the question, “Just what
will we gain over our current CM at this point in our company’s growth?” The
tradeoffs were clear. On the one hand, the current CM could not offer engineering
support and would eventually run out of capacity. On the other hand, the current
CM offered competitive pricing and amazing flexibility in light of the product mix
requirements. The current CM knew the product and the customers they served.
The selection team decided to recommend investing more with the current CM to
develop some specific process engineering capability and to postpone talks with any
tier 2 EMS until their COGS volume exceeded $20 million.
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Factory Selection Decision Criteria

The following decision criterion in Table 5.2 enables you to quickly eliminate pos-
sible factory choices that do not fit in order to spend your time evaluating criterion
that are more difficult to determine. This is to be a relationship, like a marriage,
that you will want to continue for a long time. The “must” criteria are normally
documented in the Supply Chain Construction Requirements Specification. If a
factory candidate does not satisfy all the “musts,” then do not waste any more time
with that candidate. Evaluating pricing is hard; it will take a great deal of your
time. The “want” criteria will be satisfied, to a greater or lesser degree, depending
on the candidate. While it is easy to add more “wants,” you can make a good deci-
sion with just this set. Execute an NDA with each candidate factory before sharing
information.

Table 5.2 Factory Selection Criteria

Numerical

Priority Criteria Validation Value

Must 1 Requirements 1. The right process capability?
speCIflcathn: 2. The right commodity expertise?

transformation
capability

Must2 | Requirements 1. Your percentage of their Less than
specification: throughput? 20% to
throughput 2. Any constraints to doubling 35%

Capacity growth?

Must 3 Requirements 1. Driven by labor rate? $Landed
specification: 2. Driven by %overhead? cost
price/landed ) .

cost at volume 3. Driven by %factory markup?
4. Driven by midbound logistics?
Must4 | Product quality | 1. Evidence of quality philosophy? Y%Failure
2. ISO certification? rate
3. Workforce turnover?

Want Factory 1. Financial track record?

management 2. Cultural compatibility?
team ) )
3. Risk management experience?

(Continued)
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Table 5.2 (Continued) Factory Selection Criteria

Numerical
Priority Criteria Validation Value
Want Flexibility 1. Can respond easily to mix
change?
2. Can respond easily to rate
change?
Want Engineering 1. Process engineering?
support 2. Product engineering?

3. Sustainability engineering?

Want Information 1. Information completeness?

systems 2. Ease of interfacing?

3. Internal IT staff support?

Want Inventory 1. Perpetual inventory accounting?
management 2. Measured inventory accuracy?
Want Sustainability 1. Has computed its carbon
footprint?

2. Product made from sustainable
material?

3. Environmentally responsible
packaging?

4. Environmentally responsible
recycling?

Compare Factory Price/Landed Costs for Distribution

The price/landed cost model for factory pricing plus midbound logistics cost seen
by the DC is built around the factory’s income statement. A unit volume assump-
tion must be stated. Here are the factors that go into this model:

B Direct material dollars—Direct material costs are based on the sum of the
BOM supply prices including inbound freight cost. Inbound freight can be
estimated as 6% of the direct material cost. From Equation 4.32, $Factory
material cost = X($Supply price + $Inbound logistics).

B Direct labor hours—The direct labor hours are hours required to manufacture
the product.

B Direct labor rate—Labor rate is expressed in dollars per hour and is country
specific. A single labor rate may be given which is a blended rate of workers
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with different skills. For example, an electronics technician makes a higher
wage than an electronics assembler. Five assemblers each making $18/hours
working with one technician making $26/hour would result in a blended rate
of $19.33/hour: ((5)($18) + (1)($26))/(5 + 1) = $19.33.

B %Qverhead multiplier—Overhead is calculated by multiplying the total
direct labor dollars by this percentage. Two hundred percent is a good start-
ing estimate for factories without automation. Four hundred percent is a
good starting estimate for factories with automation. The higher percentage
for automation is driven by higher salaries for the supporting engineering
staff and by the depreciation on capitalized production equipment included
in the overhead.

B $Factory COGS—The $Factory COGS is calculated using Equation 4.6:

$Factory COGS = $Direct material + (Labor hours)
X ($/Hour labor rate) X (1 + %Overhead multiplier).

For example: Factory $COGS = $25.00 + (0.5 hours) X ($22.00/hour) X (1+ 200%)
= $25.00+ (0.5 hours x $22.00/hour) X 3
=$58

B %Factory markup—This is a percentage that reflects all the other factors
besides COGS, when the factory is making its desired profit.

0pn — O
%Markup = (100 O//O Cé)(c}:SOGS) %x100%
0

For example: If the desired %COGS for the factory is 70%, then

(1-0.70)

%Factory markup = x100% = 42.9%

B $Factory price—This is the price the factory will charge to build this product
at the specified direct material content, labor hour content, and unit volume.
From Equation 4.30, the $Factory price is

$Factory price = $Factory COGS X (1 + %Factory markup).

For example: $Factory price = $58 X (1 + 0.429) = $82.88
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Table 5.3 Factory Pricing Comparison Model (per Unit)

Cost Reference | Multiplier_A | Factory_A | Multiplier_B | Factory_B
Quoted for 1,000 units of Product Z
Direct $25.00 $DM x 1.00 $25.00 $DM x 1.00 $25.00
material costed
(includes BOM
inbound
freight)
+Direct 0.5 hours | $22.00/hour $11.00 $1.80/hour $0.90
labor timed bill of | labor rate labor rate
labor

+Overhead Estimated $DL x 2.00 $22.00 $DL x 2.00 $1.80
multiplier percentage

(higher with

more

automation)
Factory $58.00 $27.70
COGS
subtotal
+Factory Converts COGS x $24.88 COGS x $9.22
markup COGS to 0.429 0.333

profitable
revenue
Total factory $82.88 $36.92
price
+Midbound | Total weight Motor $4.96 Ocean + $2.26
freight cubic freight 20 motor 8,400
volume miles miles

+Cross-dock | Pass thru Not $0.00 Not $0.00

another DC | applicable applicable
+Midbound Not $0.00 | 7.2% x price $2.57
duty applicable import duty

domestically
Distributor’s $87.84 $41.75

landed cost
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B $Distributor product cost—Equation 4.29 is used to determine $Distributor
product cost:

$Distributor product cost = $Factory price + $Midbound logistics
+ $Cross-docking.

Table 5.3 uses the above cost-based model to compare the per-unit landed cost
to the distributor for the same product’s quoted price from competing domestic
and international factories. This can be easily formulated into an Excel spread-
sheet. Domestic factory A quotes $22.00/hour labor, 200% overhead, and 43%
factory markup. Factory A is 20 miles from the DC by truck. International factory
B quotes $1.80/hour labor, 200% overhead, and 33% factory markup. Factory B
is 8,400 miles from the DC by ocean freight plus motor freight without cross-
docking, and the product has a 7.2% import duty. The factory B price is US dollar
(USD) denominated; this means the product is sold and bought in USD and not
in a foreign currency.

Figure 5.2 emphasizes that the landed cost difference between competing fac-
tory choices is often dominated by the factory labor rate and the mode of transpor-
tation. Both the factory labor rate and the mode of transportation are driven by the
country where the factory is located relative to the domestic market location. A fac-
tory located in China relative to the United States might have one tenth the labor
rate but would require either four weeks of inventory transit time by ocean freight
with the corresponding cash investment in inventory or very expensive airfreight
logistics. Many other factors would need to be considered, such as payment by a
letter of credit (LOC), the reduction in flexibility, and the increased risk of a quality
defect permeating an entire container load (CL) of product.

$ Inbound
logistics

Inventory $
in-transit

$$$/hour

labor rate

$ Midbound

logistics
(@)
K
Markup factor
$ Inbound
logistics
S/hour Inventory $$$ in-transit R
labor - >
rate $$ Midbound logistics
K
(b) Markup factor

Figure 5.2 (a) Factory choice A versus (b) factory choice B.
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Prepare the RFQ

Once you have selected a short list of potential candidate factories, you will send
an request for quotation (RFQ), and if at all possible, visit each candidate factory.
The RFQ should fairly represent the manufacturing scenario you intend to buy.
The RFQ should ensure that the pricing response from each candidate factory is
directly comparable. There is no greater management time sink than when multiple
RFQ responses come back with different pricing models under different assump-
tions shown in different formats.

Describe Your Business Scenario

Once the list of potential factories has been winnowed down to three or four top
candidates, you will have to share certain information with each of them to make a
final decision. Here is a way to describe your business scenario:

B Exercise an NDA—Insist on a signed NDA with each potential factory before
sharing detailed information about your business. This is particularly impor-
tant if you are a small start-up business with intellectual property to protect.

B Describe each product with a color photo, BOM, assembly drawing, and routing
file—This explains the complexity of the purchasing and the process sequenc-
ing needed to build your product.

B Provide the total direct material cost and total direct labor hours for each
product—This is needed to calculate COGS and factory pricing and helps to
put returned RFQs on an equal footing.

B List the expected range of volumes product by product—This describes the
required range of quantity rate and mix. It is needed by the candidate to
estimate the percentage of total capacity required and the opportunity for
volume purchasing.

W List the factory ship-to destinations and expected mode of transportation—This
describes the degree of flexibility the candidate has in lot sizing and packag-
ing product for shipment.

B List any special requirements that may invoke cost adders—The candidate needs
to know such things as sole-source suppliers for key components, special pric-
ing arrangements that can be extended to the candidate, custom processes
that will be provided to the candidate, inventory holding requirements, regu-
latory compliance requirements, factory certification maintenance require-
ments, etc.

B Describe a typical order-to-delivery-to-cashp,,.,s cycle—This tells the candidates
how they will receive orders to be shipped and how they can expect to be paid.

B Specify the expected information technology interface—Describe how you want
to communicate supply chain information with the candidate and the fre-
quency of this exchange.
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B Provide a contact name, phone, and e-mail—This is the contact person should
the candidate seck additional information to answer questions during the
quoting process.

Specify the RFQ Response Format

Spend time to describe exactly how you want the candidate factories to respond and
save yourself countless hours in follow-up phone calls, e-mails, and visits. You must
be able to make an apples-to-apples comparison across the top three candidates. Of
course, it goes without saying, that having signed NDAs, neither you nor any of
your employees can divulge the pricing information returned from factory A with
any representative of factory B.

B Set a deadline for the return—Allow two to three weeks for candidate factories
to process the RFQ.

B Vialidate their receipt of the document and their intention to respond—Confirm
their receipt of the RFQ and that they understand the deadline.

B Return contact—Specify the person’s name, title, surface address, and e-mail
where the RFQ response is to be sent.

B Specify the model—The expected response should fit the landed cost model
described in this book. You need to learn the labor rate, overhead multiplier,
and factory markup the candidate factory used to compute their product
pricing. Include a statement that the quote will not be considered unless all
the requested information is provided.

B Volume breakpoints—Indicate the range of volumes you want quoted, as in
200, 500, and 1,000.

B [nclude a sample formatted response—The sample response (see Table 5.4)
shows the format of the information you expect to receive.

Evaluate First Samples

The manner in which the newly selected factory handles its first samples is critical
to building trust in a newly formed relationship. The comments to follow about
first samples also apply to newly selected parts suppliers. This is where the rubber
meets the road. Can the seller deliver the goods? Can the buyer deliver the cash?

B Has the factory or supplier identified missing information on the product or
part specification drawing before starting to build the item?

B What payment schedule does the factory or supplier demand before starting
to build the item? Is there a full payment required with the product sight
unseen, or an letter of credit (LOC), or payment to cover the long lead time
material or payment to cover just the custom material?
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Table 5.4 Sample Response Expected from This RFQ

Given Items Provided in the RFQ Expected Response
Product to be quoted Product A

(name)

Product volume (units) Quoted at 1,000 units

Direct material (dollars) $25.00

Direct labor (hours) 0.5 hours

Response Items Example Actual
Direct labor rate (dollars $22.00/hour

per hour)

Overhead multiplier 200%

(percent)

Factory markup (percent) 43%

Factory price (dollars) $82.942

Volume Price Breaks 200 Units | 500 Units | 1,000 Units | 2,000 Units
Factory price (dollars)

2 $82.94 = ($25.00 + (0.5 hour x $22.00/hour) x (1 + 200%)) x (1 + 43%).

How does the factory or supplier build its first small quantity when delivery
for some of the material is inside its lead time?

Does the factory or supplier require a customer signoff on first samples before
starting volume production?

How does the factory or supplier label the revision on the physical product
or part?

Will the factory or supplier use exactly the same materials and processes to
build the first samples as it will use to build volume production? Or have the
first samples been subcontracted to another party?

If there are quality issues during production, will the factory or supplier com-
municate them to the customer?

Will the factory or supplier continue to produce lot after lot of production in
exactly the same manner as the first samples without implementing an unap-
proved “cost reduction?”

What are the cycle times to make payment? To deliver the first sample? To
evaluate the first sample? To correct any material or process issues? To deliver
first production perhaps including weeks of ocean freight? To compare the
first production product against the first sample?
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Optimize Midbound Logistics Costs

Midbound logistics connect the factory with the distributor. While midbound logis-
tics may involve motor freight, rail freight, ocean freight, air freight, or intermodal,
one characteristic of a midbound logistics shipment is that it repeatedly involves a
large quantity, high cubic volume of a few stock keeping units (SKUs). Midbound
logistics is often your opportunity to ship full container loads (CL) rather than
less than container loads (LCL). The predictability of midbound freight makes it
an easy place to optimize shipping costs. Design your midbound product packag-
ing carefully and choose your mode of transportation wisely. Chapter 6: “Source”
covers inbound logistics and import regulatory considerations, while Chapter 7:
“Deliver” covers outbound logistics and export regulatory considerations.

Three Rules for Palletization

Wood and plastic pallets have standard English footprints of 48 inches x 40 inches
in the United States and metric 1,200 millimeters x 1,000 millimeters in the
European Union. One inch equals 25.4 millimeters. Pallet footprints are much
less standardized throughout Asia, although one of the dimensions is usually a
metric 1,200 millimeters. Wood pallets are typically 5 inches high and weighs
50 pounds; 2.204 pounds equals 1 kilogram. Some distributors specify plastic or
specially treated wood pallets because of the environmental concern of beetles and
other insects being transported internationally then causing infestations in certain
varieties of trees.

A unit load is a palletized stack of product cartons. The number of cartons in
the stack is the number of cartons per layer times the number of layers. Keep the
following three rules in mind when palletizing your unit load:

B The unit load must not overhang the pallet footprint.

— Design your carton dimensions such that a layer of product takes advan-
tage of the full pallet footprint, the width times the length, but does not
extend over either dimension. This is because the pallet should protect
the product carton from being crushed by forklift moves during loading
and unloading. Most modern pallets provide four-way entry, meaning a
forklift can approach from any side.

— For example: A product carton measures 8” wide x 12” deep x 7" high.
Flip the carton around, checking how every dimension best divides into
the pallet footprint. In this case, 8” divides five times evenly into 40” and
12" divides four times evenly into 48”. Therefore, one layer would hold
5 cartons X 4 cartons = 20 cartons and have a layer height of 7".

B A double-stacked unit load must clear the container’s doorjamb.

— 'This is the height restriction that determines how many layers of cartons

can be stacked on a single pallet. Consider that the door opening height
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on a standard 40-foot container is 7 feet 6 inches (or 2,286 millimeters).
The double-stacked pallet height must be less than 90 inches in order to
load and unload through the container door using a forklift. This means
the total layer height for one pallet must be less than 38.5” to give clear-
ance to 2x unit load height plus 2x pallet height of 5” plus travel clearance
for the forklift’s fork. Otherwise, you will pay a hidden cost to unstack
and restack your product. The stability of the palletized layers is ensured
by interleaving the carton stacking and by adding corner guards to the
four vertical corners then shrink wrapping or banding the entire unit
load.

— Continuing the example: The 7” layer height divides into 38.5” five times.
Therefore, each pallet would hold 20 cartons per layer x 5 layers, for a
total of 100 cartons. A sixth layer would make the stack too tall.

B The unit load should weigh less than 1,000 pounds (or 454 kilograms).

— 'The total number of products on the pallet times their individual weight
including carton weight plus the 50 pounds (or 22.7 kilograms) for the
pallet should total less than 1,000 pounds (or 454 kilograms). This is for
safety in pallet handling and lifting in the warehouse. Note that for dense
products, total weight may be more restrictive to the number of product
layers per unit load than total height.

— Completing the example: If the empty carton weighs 1 pound and the
wooden pallets weigh 50 pounds, then for 100 products per pallet, the
product weight must be less than (1,000 pounds - 150 pounds)/100 prod-
ucts = 8.5 pounds/product (or 3.86 kilograms/product).

Containers come in two lengths: 20 foot, the TEU (Twenty-foot Equivalent
Unit) and 40 foot, the FEU (Forty-foot Equivalent Unit). While there are several
container formats including standard, high cube, and refrigerated, one TEU can
generally hold 20 pallets double stacked, and one FEU can generally hold 40 pal-
lets double stacked. Containers have tare weight, which is the unloaded weight of
the box. Containers also have a maximum weight restriction. Therefore, the total
weight of the number of unit loads the container holds must be less than the maxi-
mum weight minus the tare weight.

Cost Drivers versus Transportation Mode

Once you know the number of pallets, their total weight and total cubic volume,
the point of origin, and the point of destination, you are ready to obtain midbound
logistics pricing. Common carriers quote their transportation cost structures in
rate tariffs that are tables of cost versus distance traveled, weight and/or cube, and
the type of freight. Motor freight is the most convenient. Airfreight is the most
expensive. Ocean freight takes the most time. Rail freight can be subject to high
variability. Be on the lookout for possible intermodal combinations that can service
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your origin to destination; intermodal freight can provide faster transit time at an
intermediary cost.

B Motor freight less than truckload (LTL)—LTL motor freight is quoted by
freight class in dollars per hundred weight ($/cwt) for distance traveled. Fuel
surcharges apply. The National Motor Freight Traffic Association defines 18
freight classes in terms of weight, length and height, density, ease of han-
dling, value, and carrier liability. The lower the freight class, the lower is the
freight cost. LTL freight may be consolidated by freight forwarders into full
truckloads by combining freight pickups from other customers.

For example: A 340 pound shipment quoted at $22.85/cwt from origin
to destination in freight class 110 is priced at (340/100) x $22.85 = $77.69,
where “hundred weight” means dividing the actual weight by 100 and multi-
plying by the listed tariff rate.

B Rail freight less than container load (LCL)—LCL rail freight is quoted in $/
kg V/M, which is dollars per kilogram dimensional weight for an origin—
destination pair. See the explanation of V/M below under airfreight. Fuel
surcharges apply. LCL rail freight may be consolidated by a freight forwarder
into full CL rail freight by combining freight from other customers. Rail
freight is cost effective for high-cubic-volume and/or heavy-weight loads. Rail
freight can have transit time variability because of the transit time through
switching yards and the number of crew changeovers. Intermodal rail freight
sometimes has the advantage of being able to bypass road congestion in heav-
ily populated areas.

B Ocean freight container load (CL)—CL ocean freight is quoted in $/kg V/IM,
which is dollars per kilogram dimensional weight port-to-port. See the explana-
tion of V/M below under airfreight. Fuel surcharges and harbor maintenance fees
apply. The more you can fit into the container, the cheaper the per-unit transpor-
tation cost. Be aware that some ocean freight carriers steam at reduced speed to
manage their fuel costs; this extends transit time.

B Airfreigh—Airfreight is quoted in $/kg V/M, which is dollars per kilogram
dimensional weight origin to destination. Fuel surcharges apply. Under
dimensional weight, the airline uses a density equivalence factor to convert
cubic volume into an equivalent weight. The quoted $/kg is applied to both
the weight and to the equivalent weight. The larger of the two numbers is the
transportation cost. Airfreight is often four or five times more expensive than
the other modes, and it does not have the capacity to move as much freight.

For example: The airfreight for a unit load of 48" wide x 40" deep x 55"
high weighing 150 pounds is quoted at $5.15/kg V/M. The airfreight ship-
ment’s actual weight is 150 pounds. The airfreight shipment’s dimensional
weight is calculated from the cubic volume in inches and the airline’s den-
sity equivalence factor of 166 cubic inches per pound. The 48” w x 40” d x
55" h dimensions equal 105,600 cubic inches of volume, which converts to
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a dimensional weight of 636 pounds when divided by the 166 conversion
factor. The airline will charge the larger of the two weights, or 636 pounds.
Using the conversion factor of 2.2 pounds per kilogram, the metric-based
pricing of $5.15/kg converts to English-based pricing of $2.34/pound. This
air shipment will cost ($2.34/pound) x (636 pounds) = $1,488.

B Fuel surcharge—Common carriers add a fuel surcharge to every mode of
transportation. This is a cost adder, which is usually calculated as a percent
age of the underlying transportation cost.

B Packaging materials—DBe sure to include the costs for labels, shipping cartons,
filler material, plastic floaters, pallets, corner guards, shrink wrap, and band-
ing straps. These are indirect material costs.

B Logistics documentation—There are bill of lading and commercial invoice doc-
umentation requirements for each mode of transportation. If the midbound
logistics connection involves the factory exporting and the distributor import-
ing, then the shipment becomes an international shipment requiring additional
documentation. Remember that if the product has to be returned to the factory
for any reason, then the distributor is exporting and the factory is importing. The
product requires a Harmonized Tariff Schedule (HTYS) classification for import,
a schedule B classification for export, and an Export Control Classification
Number (ECCN) for exports. The factory and the distributor must comply with
import regulations and export regulations according to the laws of the respec-
tive origin and destination countries. These topics are covered in Chapter 6:
“Source” and Chapter 7: “Deliver.”

B Transportation to/from the port and cross-docking—Short motor freight legs
will be used to move freight from its origin to a port, rail head, or airport
and to move freight from a port, rail head, or airport to its destination. In
addition, cross-docking charges can occur when one DC in a distribution
network passes the freight through to another DC within the same distri-
bution network. For example, when a factory in China delivers by ocean
freight to a distributor in New York, one routing could be from the factory
to motor freight to port of Hong Kong to ocean freight to port of Oakland,
California, to motor freight to distributor cross-dock to motor freight to dis-
tributor cross-dock to motor freight to distributor to UPS to the customer.

B [mport duty and value-added tax (VAT)—For international shipments,
depending on origin and destination countries, there may be duty and VAT
costs. Duty is based on the HTS classification the factory assigns to the prod-
uct. Where applicable, both duty and VAT are calculated as percentages of
the commercial invoice value of the product being transported.

Transportation Fuel Efficiency

Besides cost and transit time, fuel efficiency is a hidden cost and risk tradeoff in the
selection of your logistics transportation mode. Higher fuel efficiency means less
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dependence on the price of oil and a smaller carbon footprint generated while mov-
ing freight. Ocean freight is considered to be the most efficient and cleanest form of
transportation; it is used as the point of reference. The number of British Thermal
Units (BTUs) per ton-mile is used to compare freight movement made by other
modes of transportation against the same freight movement theoretically made by
ocean freight. This is a relative comparison method and not an absolute measure
where a smaller number is a better number.

B Ocean freight—This is the mode of transportation with the lowest BTU per
ton-mile.

B Rail freight—The US Department of Energy estimates that the BTU per ton-
mile for rail freight runs about 1.3 times the BTU per ton-mile for ocean
freight.

B Motor freight—The US Department of Energy estimates that the BTU per
ton-mile for motor freight runs about 15 times the BT'U per ton-mile for
ocean freight.

B Airfreight—The US Department of Energy estimates that the BTU per ton-
mile for airfreight runs about 44 times the BT'U per ton-mile for ocean freight.

Suppose you are considering an offshore factory in Hong Kong delivering half
of the products to a DC in Oakland and half of the products to a second DC in
Chicago versus a domestic factory in Atlanta delivering the same products split to
the same two DCs. Under alternative 1, the total product weight is shipped from
Hong Kong to Oakland, and then half of the weight is forwarded to Chicago by
rail. Under alternative 2, half the product weight is shipped to Chicago and half of
the product weight is shipped to Oakland. Table 5.5 uses the relative fuel efficiency

Table 5.5 Midbound Logistics Relative Fuel Efficiency Example

Relative BTU/
From To Mode Tons Mileage Ton-Mile

Alternative 1

Hong Kong | Oakland | Ocean | 4tons | x6,906 miles | x1.0 27,624
Oakland Chicago Rail 2tons | x2,126 miles x1.3 5,528
Total 33,152
Alternative 2

Atlanta Chicago | Truck | 2tons | x717 miles x15 21,510
Atlanta Oakland | Truck | 2tons | x2,460 miles x15 73,800

Total 95,310
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method to show that the less weight shipping from Hong Kong means the genera-
tion of a smaller carbon footprint.

Beware the Hidden Costs of Offshore Manufacturing

Manufacturing in a country with a $2.50-$4.00/hour labor rate can look very
attractive when your domestic rate is $25-$40/hour. But your final landed cost will
be much higher than one tenth of your current cost. Start by asking the question,
“Is this product direct material intensive or direct labor intensive?” If your product
cost is dominated by material, then even if the labor content went to zero, your
product cost would mostly reflect the material cost. If you have significant labor
content, then consider the following investments and risks carefully.

Making the Investment

The following lists key investments you will have to make:

B Committing the company’s best people to a long-term project—This is the plan-
ning time, travel time, and telecom and video conferencing time of your
best employees dedicated to making the relationship work. If your business is
small, you may not have the critical mass of employee resources both to keep
the store open and to conduct a distant project.

B The expense of international travel—This is the airfare, ground transporta-
tion, hotels, meals, telecommunications, and visas for foreign travel. Flights
booked at the last minute and extended stays, both without and with family
members, can become cost prohibitive.

B Buffer inventory investment—You will have to build a buffer inventory ahead
of making the transition to ensure continuity of supply for your customers.

B [n-transit inventory investment—In a new relationship, you will have to pay
for production inventory upfront, probably with an LOC. Once the product
ships, it may sit in a container on the ocean for 18 to 32 days.

B The logistics costs of shipping start-up inventory—You will have to pay for
extra packaging materials and many small deliveries of start-up inventory
components.

B The product and testing costs for quality sampling—You will want to conduct
periodic destructive testing of product samples to track and ensure that qual-
ity production methods are being followed.

B The cost of production tooling and product models—These are start-up costs that
are sometimes unexpected. The new manufacturer may not have that custom
tooling that your current manufacturer has; if you decide to share it between
factories, you risk continuity of supply during the interim. You may have to
pay a duty assist on tooling provided to the new factory.
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Managing the Risk

The following lists key risks you will have to manage:

Continuity of supply—Expect critical component parts to get lost. Expect the
start-up of new production processes to take longer than was scheduled.
Cultural incompatibility—You may find over time that the exotic combination
of language translation, time differences, vast distances to be traveled, and dra-
matically different cultures become incompatible with your business needs.
Potential theft of intellectual property—Some countries have very different
legal systems and weak protection of intellectual property. The expectation of
some foreign governments is that you will give away some technical knowl-
edge as the ante to manufacture your product in their country.

Confiscated property risk—In some unstable countries, there may be a risk
that the government will decide to seize your property. Doing business in
these countries should be avoided.

Accelerated quality issues—Direct labor turnover is high as employees jump to
another employer for the highest going wage. Poor workmanship can lead to
product quality issues discovered by customers that may lead to the discovery
of full CLs of defective product.

A lack of fulfillment flexibility—It becomes very difficult to quickly change
the rate and mix of production or the product delivery point over 8,000 miles
of separation and 12 hours of time zone difference.

Labor rate trends—As the standard of living improves in a low-cost country
and a middle class develops, the country’s labor rate rises.

Trends in the price of 0il—Certain RM costs and fuel surcharge costs track
world changes in the price of oil.

The negotiation of new trade treaties change some import duty classifications each
year—If your cost structure is based on an import duty exemption that gets
reversed, your profitability margin is lost.

Currency exchange rate—It is best to buy and sell in USD-denominated
amounts. You cannot predict how an exchange rate might change in the
future. Sophisticated currency exchange hedging strategies are outside the
context of this book.

Internet blockage—The exchange of supply chain operational information
regarding forecasts, orders, shipments, invoices, and cash payments depend
upon open Internet connections among trading partners. Where country
governments decide to block and censure the Internet, this can cause disrup-
tion to the flow of operational data.

A Case of Chinese Manufactured Cables

A domestic factory produced expensive, labor-intensive wiring harnesses in a sec-
ondary operation to the production of their main product. As the product line
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expanded the number of product configurations it supported, the mix of wiring
harness grew. The product line soon required six different medium- to low-volume
harnesses, with the most expensive harness costing $127. Supply chain manage-
ment decided to investigate the possibility of a lower cost solution.

With the rapid product expansion, engineering never had the time to go back
and consolidate and simplify this commodity. Therefore, the first step was to com-
pare the BOMs and wiring diagrams of each of the six current harnesses against
one another. The result was the realization that all six harnesses had the same con-
nector on the near end, could be the same overall length, number of conductors,
and wire gauge, but had a different set of connectors on the far end. This conclusion
presented the possibility of a postponement solution. The total mix volume could
be combined for a low-cost manufacturer to build and test a generic wiring harness
consisting of the total harness length with the near end connector attached and
wired. Then, a low-cost postponement operation could be added within distribu-
tion to complete and test the wiring harness on the far end to the customer’s order.

The supply chain management team set about developing a list of potential CMs
at home and abroad. At that time, the domestic factory paid $28.15 for direct mate-
rial and $22.00/hour for the one hour of direct labor. The team considered a factory
in Nogales, Mexico, with a $6.00/hour labor rate; a factory in Shenzhen, China,
with a $1.75/hour labor rate; and a factory in Chennai, India, with a $1.30/hour
labor rate. A cost model was developed that accounted for direct material including
inbound logistics, direct labor, labor rate, a percentage overhead multiplier, percent
age factory markup, and midbound logistics. Each candidate CM was sent an RFQ.
The cost model showed a total domestic cost of $127, a landed cost from Mexico of
$76, a landed cost from China of $50, and a landed cost from India of $68. Even
though India had a lower labor rate than China, India was more expensive for this
commodity because of the logistics cost for the large-cubic-volume, heavy harnesses.
While the Chinese labor rate was only 8% of the domestic labor rate, the landed
wiring harness cost was only reduced to 39% of the current domestic cost.

The Chinese factory was awarded the work with RMB-denominated pric-
ing. The Chinese factory produced high-quality harnesses with reliable deliveries.
Product pricing to the end customer was reduced, reflecting the fact that COGS
for the wiring harness had been reduced by $77 ($127 - $50), or 60%. The price
reduction made outsourcing a one-way decision. With the overall reduced product
pricing, the product line could never go back to manufacturing the wiring harness
domestically and still be competitive in the market. However, the future remains to
be seen. Labor rates in China are increasing as the standard of living rises; the cost
of copper wire is increasing; ocean freight container shipping costs are increasing;
the exchange rate of Chinese RMB currency to the USD is weakening. Table 5.6
shows the multiyear trend for each of these cost drivers along with their impact on
the $50 wiring harness. Notice that while the %overhead multiplier and %factory
markup multiply the impact, the fact that each cost delta is but a percentage of the
whole landed cost tends to dampen the impact. When each cost driver trends in
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Cost
Driver Item Direction Change Multipliers Impact
Material Copper Increase From: $14.00 xFactory +2.1%
prices +5% To: $14.70 markup
Labor Labor Increase From: $1.75/ xOverhead +1.7%
rate +14% hour multiplier
To: $2.00/hour xFactory
markup
Ocean Fuel Increase From: 38.1% Logisticsisa | +2.2%
freight surcharge +8.6% To: 46.7% fraction of
landed cost
Exchange RMB to Increase | From:6.664 to RMB +8.5%
rate usb +8.5% 1 denominated
To: 6.141to 1 Factory price
Multiyear cumulative impact on landed cost +14.5%

the same direction, the impact becomes cumulative. The +14.5% cumulative cost
increase erodes a full quarter of the savings gained by manufacturing the wiring
harness in China. If the deal could have been negotiated as a USD-denominated
purchase, then the RMB-to-USD exchange rate risk could have been eliminated.

In Summary

This chapter shows how to select a factory that fits your Supply Chain Construction
Requirements Specification. The characteristics that differentiate a factory relation-
ship from other kinds of supply chain relationships are discussed. A factory selec-
tion criterion with musts and wants is presented. A model to evaluate landed cost
taking into account material cost, inbound logistics, labor cost, the percentage over-
head multiplier, percentage factory markup, and midbound logistics is developed.
The details of midbound logistics are discussed for each mode of transportation.
Finally, the challenges of preparing and evaluating candidate factory responses to
an RFQ along with the hidden challenges of using an offshore factory are revealed.






Chapter 6

Source

The numbers of suppliers, the structure of the supply base, and the range of mate-
rial commodities to be purchased are all determined by the product bill of materials
(BOM). Consequently, the construction of the network container requires knowl-
edge of its likely product contents. This chapter begins with a brief description of a
practical part numbering scheme, then explains the workings of the product BOM.
The chapter explains how to organize purchasing around commodity management.
The chapter describes how to perform supplier selection to meet a direct mate-
rial budget. Last, since inbound logistics is an important cost factor in material
sourcing, the chapter discusses inbound logistics cost drivers and import regulatory
considerations.

When You Care Enough to Source the Very Best

George, the Supply Chain Construction Team’s executive champion, explained to
Bill, the Supply Chain Construction Team project manager, that Steve, the chief
executive officer (CEO), and Tom, the vice president of Manufacturing, had a line
on a potential contract manufacturer. In Corporate review meetings that Steve had
attended with the CEO of Computer Products, Steve had learned that Computer
Products was buying high-power, low-cost switching power supplies from a com-
pany named Astec. Astec was headquartered in Hong Kong with an Australian
CEO and had a low-cost manufacturing site in Kuantan, Malaysia. Steve and Tom
had contacted Astec management some six months before to explore their interest
in licensing the manufacture of power supplies designed by Power Products.

Now, Bill and Tom were on a United Airlines flight to Singapore with a planned
visit to the factory in Kuantan and a supplier visit to an aluminum extruder in
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Penang, Malaysia. Tom was relaxing, listening to music using headphones. Bill
broke the silence, “This is pretty exotic traveling halfway around the world. I've
never been to Asia before.”

Tom peeled off his headphones, “Better get used to it. If we go with these guys,
you will get to do this repeatedly. Now, tell me our arrangements again.”

“Around noon tomorrow, we take a short flight from Singapore to Kuantan.
We're staying at the Kuantan Hyatt,” replied Bill. “We are meeting with Safdar,
the Astec operations manager, and Renu, an Astec engineering manager, who
is flying up from Hong Kong. There will also be some folks from our company
there. Corporate has established an international procurement operation, or IPO,
in Singapore. Grace, a buyer, and Chee Beng, a materials engineer, from the IPO
will meet us at the plant. They are both Chinese but apparently speak English very
well.”

“What’s an IPO?” asked Tom.

Bill replied, “An IPO brings together materials engineering, purchasing, and
logistics expertise to solve sourcing issues and to monitor parts quality. Since these
folks are based in Singapore, they can be at the factory the next day. They can con-
firm the status of product leaving the plant and sailing from Singapore.”

“What's the agenda?”

“This trip is to kick the tires. You know...introduce Power Products, meet the
senior staff, walk the production process, review material procedures, get a handle
on their product quality, due diligence stuff;” said Bill. “Our company and Astec
have already signed a nondisclosure agreement. It’'s OK to discuss most business-
related topics.”

“You really think it’s going to take three days to do this? I need to get back home
for some family obligations with my daughter. Maybe we can cut this short and
book an earlier return flight,” said Tom.

Bill rolled his eyes, “What? You're already talking about going home, and we
haven’t even arrived? Don’t forget, we also have a flight to Penang Island after this
to visit the extruder Fuji Sash on the Penang mainland. And, based on the pushup
we went through to book our United Airlines tickets, you know that the flights over
the next couple of days are oversold. We're in the midst of holiday travel.”

“Yeah, I know,” sighed Tom. “Why am I going to Fuji Sash anyway? Maybe you
could do that yourself?”

“There are a couple of reasons. First, if we go with a contract manufacturer in
Asia, then it makes good cost and control sense for the supply base to be close to
the factory in Asia. Second, Engineering wants to use extruded aluminum for the
uninterruptable power supply (UPS) front and rear frames. These are large parts
that would cost too much to ship from the United States. Third, we are not sure
their extrusion process can hold the tolerances we need. We are fortunate that Chee
Beng can accompany our visit to the extruder to access his capability. All of this
impacts manufacturing volumes back home,” replied Bill.
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“I have a lot of budgeting work that Steve needs from me. I may have to stay at
the Hyatt one day while you visit the plant,” announced Tom. Then he pulled on
his headphones.

They checked in and out of the Le Meridian Hotel near Changi Airport and
then took a short hop on Dragon Air to Kuantan, arriving midafternoon. After
immigration, baggage claim, and customs, they looked for the taxi stand and found
an Indian driver who spoke English. Their jet lag was starting to kick in, but Safdar
and Renu were picking them up for dinner. “What time are we meeting in the
lobby?” asked Tom.

“Six p.m. 'm going to set my alarm so I don’t sleep though our appointment,”
replied Bill.

The Hyatt was under construction, with considerable hammering and drilling
noise. The Hyatt front desk did not have a reservation for Bill, but they were willing
to upgrade for additional cost. Bill was indignant, “Look, my reservation was made
days ago. I've traveled halfway around the world to meet with Astec, and now you
don’t have a room?”

At the mention of Astec, the largest employer in Kuantan, Bill’s room reserva-
tion was suddenly found and at the reduced corporate rate. “Yes sir. We're very sorry
for this inconvenience, sir,” said the desk clerk.

Safdar, a short, sturdy-looking Malay gentleman, and Renu, a tall swarthy
Indian, met the two Americans in the lobby a lictle after 6 p.m. After greetings, the
first negotiation was where to go for dinner. They settled on a seafood restaurant
that Safdar knew as common ground to start the visit.

The conversation was lighthearted during dinner, with Bill and Tom mostly
learning about the local Malaysian culture.

When Bill returned to his room exhausted after dinner, he was startled to find
a bright orange object on the floor plugged into the wall and buzzing away. Bill
dialed the front desk and said, “There’s something buzzing in my room that you
need to come and take away right now!”

“Yes sir. You want to keep that. It is a piezoelectric device that keeps the mos-
quitoes out of your room,” replied the desk clerk.

Bill awoke the next morning refreshed and without any mosquito bites. After
breakfast, he and Tom took a taxi to the plant, where the Astec reception desk made
them feel quite welcome. Their names were even listed on the notice board as VIPs
from the United States!

Safdar greeted them in the lobby and then led them into a small conference
room to meet six members of his factory staff. The room was quite crowded with
Renu, Chee Beng, and Grace bringing the total attendance to 12 people. Tom
gave a pitch on Power Products and explained the purpose of the visit. Safdar gave
a pitch on Astec Kuantan, welcoming the start of a mutually beneficial business
relationship. After that, it was decided to break into small groups to address spe-
cific topics with a summary meeting to include everyone at the end of the day.
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Chee Beng and Grace went off to conduct other purchasing issues the Computer
Products Group had with Astec.

By midafternoon, Bill was deep into his meetings. “As Tom said during his
introduction, we are looking for the right contract manufacturer to be licensed
to produce our design for a family of UPS products. These must be produced at a
very low cost with a very high quality. Your company comes recommended as the
electronics manufacturer who can do this. While we see a lot of commonality of
materials across the family of UPS products, some parts are single sourced and not
necessarily from Asia. You will have to manage these single sourced suppliers.”

“Wouldn’t your Engineering be able to assist managing the single source sup-
pliers?” asked Renu.

“I think it comes down to the specific issue,” said Bill. “If; for example, there is
a supply allocation issue, then I would expect Astec Purchasing clout to be able to
resolve it. On the other hand, if there is a quality issue with the root cause being
the way the component is used in the circuit, then certainly our Engineering would
get involved.”

“Yes, and also the IPO has certain expertise that can help in such effort,” added
Grace.

Renu responded, “That sounds reasonable. Astec buys high volumes of many
kinds of electronics components from preferred suppliers in Asia and also from
Europe. Our quality is exceptional. We are ISO certified. We will have you spend
time with our director of quality tomorrow.”

“That’s great. Now, while I'm here, I would like to walk your process from the
receipt of raw materials through finished goods shipping,” said Bill. “And I would
like to see your quality control on the manufacturing floor.”

They started the plant tour in a secondary building serving as the receiving
warehouse. The building had a packed dirt floor and partial outside walls. There was
no air-conditioning or humidity control. Very expensive components were locked
in a full enclosed room. Continuing to the production floor, Bill noticed that the
line workers were all female, while the technicians and the production manager
were all male. Different color shirts designated the hierarchy, and communication
paths were restricted according to cultural norms. This was unlike anything Bill
had ever experienced in the United States.

Start with Part Numbering

Many businesses have a hierarchy of product offerings. Systems are at the top of the
hierarchy. A system is a set of products. A computer system might have a display,
a keyboard, a computer, various cables, and software, where each product in the
system has its own product number. Products are next in the hierarchy. Products
often come in families and may have options and accessories. A computer display
might come with optional 21-, 19-, or 17-inch diagonal screens. The same display
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might be offered with an accessory wall mount. Component parts are the next level
down in the hierarchy. Component parts are internal to the product, and they are
often grouped by commodity type. The display product is built from components,
including a stand (aluminum), a case (plastic), a display (display), a power supply
(power supply), an electronics board (printed circuit assembly), connectors (electro-
mechanical), and more. Raw materials form the base of the hierarchy. Raw materi-
als might include copper, aluminum, steel, plastic, gold, etc.

A Simple Part Number Scheme

A part number is assigned to each unique item, be it a system, product, accessory,
option, part, or raw material. Part numbers are also assigned to engineering docu-
mentation that describes product manufacture, product tooling, and to software
and firmware source code and object code.

Part numbers should be short and human friendly. Part numbers generally
should not have a lot of intelligence built into them. In the following four example
part numbering approaches, the last approach is preferred:

B Computer-generated schemes, such as 001000000075621892—Some com-
puter applications generate long sequential numbers that are not human
friendly. It is far too easy to mistake the correct number of zeroes.

B [ntelligent ordering schemes, such as 23-444Y-529-6-1447—Some businesses
with many product configurations build intelligence into their ordering num-
bers by hyphenating option groupings. This scheme requires a program called
a “configurator” to decode the ordering number and to check that product
combinations are technically compatible.

B Reuse the manufacturer’s part number—Smaller companies often reuse the
manufacturer’s part number as their own. The disadvantages are that dif-
ferent manufacturers have different part number formats and that not every
item can be covered in this manner.

W A practical, human-friendly part numbering scheme, such as 025-224—This
six-digit scheme works very well for businesses with a few thousand parts
numbers. The six digits in two groups of three are easy to remember. The
first three digits are used to specify a broad system, product, commodity, or
raw material group within the hierarchy. The second three digits are assigned
sequentially without any specific intelligence. For example, if 325- is the cat-
egory for electrical switches, then 325-001 as a double-pole, single-throw,
2-amp, 110-volt slide switch might be followed by 325-002 as a single-pole,
single-throw, 5-amp, 220-volt toggle, switch, which might be followed by
325-003 as a single-pole, single-throw, momentary, 5-amp, 110-volt push
button switch. Engineering maintains a part number log used to assign the
next sequential part number and an item value sort document used to iden-
tify if a specific part is in the item master.
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Stock Keeping Units Are Different

Stock keeping unit (SKU) numbers are assigned to an organization’s billable prod-
ucts and services within the downstream delivery channels of a supply chain. SKU
numbers differ from the item part numbers found in the midstream and upstream
supply base in three ways. First, an SKU can be used to indicate different packaging
for the same product. For example, a case of 12 and a case of 6 of the same product
are two unique SKUs. Second, an SKU can be assigned to a billable service. Third,
an SKU can be assigned to a nonphysical billable product, such as a warranty agree-
ment or an hour of repair.

Translate the BOM into Requirements for a Supply Base

Every item must be given a part number and a description. If that exact item
is in use in the supply chain, then it is merely a question of looking up the
part number and description and copying it exactly into the BOM for the next
new product. Companies maintain an item value sort to make the lookup pro-
cess very efficient. If the item has never been used before in any other prod-
uct, then a new part number and a new description are assigned. It is a good
idea to establish commodity categories of items beforehand. The new item is
first matched with its correct commodity grouping then gets assigned the next
sequential part number.

BOM: Item Master File

A BOM is normally created as the product is crafted or invented. The product
idea might start from a sketch, a block diagram, a cost estimate, or a parts list of
significant materials. Next, a complete list of all the materials is created. Third,
the parts list is completed and reorganized into a BOM having two parts: an item
master and a product structure. The item master is a listing, in part number order,
of each and every unique item with its atcributes. The item master is a key file in
your information technology backbone and includes the following minimum set
of attributes:

Item number—VUnique part number for this item.
Item description—Unique short text title for this item.

Commodity group—~Assigns the item to a particular commodity group.
Cross-reference to a manufacturer’s part number—Useful when dealing with a
fully specified industry standard part.

Engineering details

— Documentation part number—Part number(s) for part manufacturing

process documentation.
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— Revision—The latest engineering revision for this item; the first release is
revision A.

— Programming documentation—DPart number for programming source
code and object code.

B Unit of measure—The measure used to count this part, such as each, pound,
roll, etc.

B Lowest BOM level—The lowest level in any BOM product structure where
this item is found.

B Unit cost—Last purchased cost based on the lot size quantity. The definition

of this term depends on the accounting system used by the business. Also

used to assign inventory value for this item.

Lead time—Number of days from order to delivery.

Purchased or manufactured—Specifies if this item is purchased or manufactured.

Preferred supplier—Primary source for this item.

Approved secondary supplier—Secondary or backup source for this item.

Shipping details

— Lot sizemNormal quantity ordered at one time.
— Packaged weight—Shipping weight per lot size.
— Packaged cubic volume—Dimensions and cubic volume per lot size.

B Payment terms—Specifies if this item is purchased prepaid, by letter of credit,
or on credit.

B [nternational sourcing terms (INCOTERMs)—Internationally recognized
sourcing terms covering the transfer of title, which party pays the logistics
costs, and which party holds the risk for insurance.

B Import/export details

— Harmonized tariff schedule (HTS)—Import duty classification number.

— Schedule B—Export duty classification number.

—  Export control classification number (ECCN)—ECCN from the commer-
cial control list (CCL) of exported items requiring an export license.

— Country of origin—Country where the item is manufactured according
to import/export rules of origin.

B Warranty period—The manufacturer’s warranty period for this item, as in
90 days or one year.

When an existing product without a BOM is introduced into the supply chain,
maybe through the acquisition of a small company by a larger company, then a
BOM must be created from scratch. The product is broken down into its com-
ponent parts by disassembling and reverse engineering a physical sample. Digital
color photos are taken during each step of the disassembly. Each item is matched to
the current parts value sort. When no match can be found, a new part number is
assigned. The incremental set of new part numbers is then added to the item mas-
ter, and the incremental set of new structure relationships is added to the product
structure file.
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BOM: Product Structure File

The product structure is a key file in the information technology backbone, and it
includes the following minimum set of attributes:

B BOM level—The structural hierarchy from complete products at level 0 to
raw materials at level /V.

Parent item number—The upper level part number.

Parent item description—Short text description of the parent item.

Child item number—The lower-level part number.

Child item description—Short text description of the child item.

Quantity per—The number of child parts required to make one parent part.
Unit of measure—The measure used to count this part, such as each, pound,
roll, etc.

Revision—The latest engineering revision for this BOM. The first release is
revision A.

Each row in the product structure file is a single parent—child relationship.
Therefore, if a parent item is built from quantities of five different children items,
then there are five rows in its product structure file. The BOM level is normally
printed in an indented fashion, with each lower structure level indenting farther
to the right. The product structure file is read from top to bottom. Child items are
indented to the right of their parent item until the indentation reverses to the left.
For example, suppose the BOM level from top to bottom reads .1, ..2, ...3, ...3,
...3,...3,..2, then the four level 3 children are used to make the upper level 2 par-
ent, and both the upper level 2 child and the lower level 2 child in this example are
used to make the top level 1 parent.

Table 6.1 is an example BOM broken down into its item master in Table 6.2
and product structure in Table 6.3. It is often the case that companies forget to
put the shipping carton and shipping labels on the product BOM. This means that
certain costs are missed in accounting and that purchasing is unaware that it needs
to order shipping cartons and labels. While the lead time to purchase cardboard
cartons is usually only a few days, the lead time to print a specialty label can be
several weeks.

In Table 6.2, the preferred supplier column from the item master file defines
the set of supplier relationships that need to be established to complete the net-
work container during supply chain construction. In this example, there are
order-to-delivery-to-cash connections between the factory and Echo Molding,
between the factory and Jet Pro, between the factory and Avery, between the
factory and Cushman, between the factory and Ace Hardware, and between the
factory and other suppliers. Every effort should be made during product devel-
opment to minimize both the total number of items and the total number of
suppliers.
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Table 6.1 Example Multilevel BOM

Part Qty Unit of
Level | Number Description Per | Measure | Supplier | More...
0 510-012 Packaged 1 Each Make
product
A 500-012 Product 1 Each Make
.2 003-001 Top cover 1 Each Echo Buy
Molding
.2 003-002 Bottom cover 1 Each Echo Buy
Molding
.2 021-001 Subassembly A 1 Each Make
.3 More... More... More... More... Buy
.3 021-023 Subassembly D 1 Each Make
.4 More... More... More... More... Buy
.2 199-035 6-32 Screw 8 Each Ace Buy
Hardware
2 007-001 Decal 2 Each Jet Pro Buy
N 120-005 Shipping 1 Each Cushman Buy
carton
A 007-002 Shipping label 1 Each Avery Buy

In Table 6.3 the rows of the product structure file are sorted in order first by
BOM level, second by the parent item number, and third by the child part number.

The BOM is used to map the supply chain network relationships from the fac-
tory within the MAKE echelon(s) upstream to the supply base in the SOURCE
echelon(s). If the factory or any of the suppliers build or assemble more than one
level of the BOM, then there will not be a one-to-one relationship between BOM
levels and network echelons. The number of unique suppliers listed on the item
master is the number of unique suppliers in your supply base. However, since any
one supplier may source more than one item, the product structure file may show
material flow connections between the supplier and more than one downstream
organization. Such connections may also span more than one echelon.

Composite BOM Item Master

To construct a full supply base and properly plan inventory, it is necessary to have a
complete picture of all the items that will fill the network container. The composite
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Table 6.2 Example Item Master File

Part Unit of Lead
Number Description Measure | Cost Preferred Supplier Time
003-001 Top cover Each Echo Molding
003-002 Bottom cover Each Echo Molding
007-001 Decal Each Jet Pro
007-002 Shipping label Each Avery
021-001 Subassembly A Each The Factory
021-023 Subassembly D Each The Factory
120-005 Shipping carton Each Cushman
199-035 6-32 Screw Each Ace Hardware
500-012 Product Each The Factory
510-012 Packaged Each The Factory
product
More... More... More...

BOM item master provides this picture. The composite BOM item master is a com-
plete listing of every unique item used anywhere throughout the supply chain. It is
generated by comparing and accumulating the items from every individual product
BOM into a list of nonrepeating unique items in the network composite BOM.

Start by considering which product sets are being offered to which market seg-
ments; there is more about this topic in Chapter 7: “Demand Planning.” A product
set represents each entry in the product catalog for a given market segment. A
product set might include systems, products, product options, accessories, and ser-
vices. Product sets may ovetlap several market segments. Once the catalog of prod-
uct sets is determined, then explode the list of the individual systems, products,
options, accessories, and services that make up the product set. For example: Table
6.4 shows a product set consisting of product A, product B, accessory 1, accessory
2, and an installation service.

The composite BOM item master, with an example shown in Table 6.5, is created
using the following steps. Entries include system and product numbers. Items should
include both part numbers and SKUs requiring physical inventory locations within the
network container. Entries are recorded at their highest level in the product structure.

1. Sort each multilevel BOM first by level, then by item number. Note that the
product structure information is lost with this sorting scheme.
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Table 6.3 Example Product Structure File

BOM Parent Child Qty Unit of

Level | Parent Description Child Description Per | Measure

0 510-012 Packaged 007-002 Shipping 1 Each
product label

0 510-012 Packaged 120-005 Shipping 1 Each
product carton

0 510-012 Packaged 500-012 Product 1 Each
product

A 500-012 Product 003-001 Top cover 1 Each

A 500-012 Product 003-002 | Bottom cover 1 Each

A 500-012 Product 007-001 Decal 1 Each

N 500-012 Product 021-001 | Subassembly A | 1 Each

A 500-012 Product 199-035 6-32 screw 8 Each

.2 021-001 | Subassembly A | 021-023 | SubassemblyD | 1 Each

.2 021-001 | Subassembly A | More... More...

021-023 | Subassembly D | More... More...

. Indicate which factory or supplier is the source for each item.

. Start with the multilevel BOM for the first product and create a list of unique

item numbers, working from the highest structure level to the lowest struc-
ture level. Where the same item number is repeated on multiple structure
levels, include that item number only once.

. Continue to the multilevel BOM for the second product and create its list of

unique item numbers, working from the highest structure level to the lowest
structure level. Where the same item number is repeated on multiple struc-
ture levels, include that item number only once.

. Place the lists for the first and second products side by side. Work down the

unique item number list for the first product top to bottom. Add to the first
list any new item numbers from the second list, while ignoring any item num-
bers, which are common to both lists.

. Repeat steps 3 and 4 for each product in the catalog until all the unique part

numbers from every product BOM have been combined.
“>F” to the
right of an item indicates the factory as its source. “->Sy” to the right of an

item indicates supplier V as its source.
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Table 6.4 Example Product Catalog

Market Market Segment Y Market Segment Z
Product Catalog Y Catalog Z
catalog
Product Product set| Product set | Product set | Product set | Product set
set 1 2 3 4 5
System
Product 1% 1% 1%
Product A | ProductA Product B

Product
option
Accessory 1% 1x 2x

Accessoryl Accessory1 | Accessory2
Service 1% 1%

Installation | Installation

Mapping the BOM to a Supply Base

For the supply chain network to be complete, there must be a supplier or a factory
for every part number and a factory or a distributor for every SKU in the composite
BOM item master. There will also be at least two physical inventory locations, an
origin and a destination, for every item number in the composite BOM item mas-
ter, as explained in Chapter 10: “Inventory Management.” Use the following steps,
demonstrated in Figure 6.1, to map your supply base.

1. Place the factory in the midstream echelon of a supply chain echelon map.

List each product item at the output of the factory. The product item num-
ber may continue downstream through the delivery channel, or the product
number may become one or more SKUs, if the product is packaged and sold
in different ways.

. Identify each subassembly item made within the factory. Because the factory
may build more than one BOM level of a product, there is not a one-to-one
correspondence between BOM levels and echelon numbers.

. Identify each item that gets delivered to the factory regardless of its BOM
level. Group these items by the name of their suppliers. Add each supplier to
the supply chain echelon map one echelon upstream from the factory. When
the same supplier sources to more than one echelon, place that supplier one
echelon upstream from the lowest BOM level it sources.
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First BOM Second BOM | Third BOM ...Nth BOM
OProduct A OProduct B OAccessoryl | OAccessory2
.1Carton F .1Carton F .1Carton G .1Carton G
.TAssembly S | ..1Assembly S | ..1Assembly H | ..1Assembly H
....2Part C ....2Part H ....2Part ) ....2Part )
....2Part D ....2Part ...2Subassy N | ....2Subassy O
...... 3RawMat | | ....2Subassy K | ......3Part P ......3PartP
JPartE | Ll 3PartL | ...... 3PartQ | ...... 3Part R
1Part T
Composite
Second ...Nth BOM Item
First Product Product Third Product Product Master
OProduct A OProduct
A->Factory
OProduct B OProduct
B->Factory
0Accessory1 0Accessory1
->Factory
OAccessory2 | OAccessory2
->Factory
.1Part E ..1Part
E->Supplier2
.1Carton F .1Carton F .1Carton
F->Supplier1
.1Carton G .1Carton G .1Carton
G->Supplier1
.TAssembly S | ..1Assembly S ..TAssembly
S->Factory
.1Assembly H | ..1Assembly H | ..1Assembly
H->Factory

(Continued)
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Table 6.5 (Continued)

Generating the Composite BOM Item Master

First Product

Second
Product

Third
Product

...Nth
Product

Composite
BOM Item
Master

JPart T

..1Part
T->Supplier3

...2Part C

....2Part
C->Supplier4

....2Part D

....2Part
D->Supplier2

....2Part H

....2Part
H->Supplier5

....2 Part)

....2 Part)

....2 Part)

....2Part
J->Supplieré

....2Subassy
K

....2Subassem
K->Factory

....2Subassy
N

....2Subassem
N->Factory

....2Subassy
(@)

....2Subassem
O->Factory

...... 3RawMat |

......3RawMatl
->Supplier7

........ 3Part L

........ 3Part R

R->Supplier10
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Echelon N+2 | Echelon N+1 | Echelon N | Echelon N-1
| | |

: : Prodil.lct A Step #1
I I I
I I I
I I I
| | |

Partial Composite BOM : : ! Step #2

0  Product A ->F I I I
.1 PartE ->S2 I I I
. Carton F ->S1 I [ I
.1 AssemblyS ->F I I I
.2 PartC >S4 | |
.2 DartD ->82 | |

...... 3 Raw material I ->S7 ! | Step #3
I I
I I
N\= Inventory : :
| |
I I
I I
I I
I I
I I
I I
I I

@ : : Step #4
Raw mat :
|
I
I
I

Figure 6.1 Steps to map the BOM to a supply base.

4. Review each supplier one at a time. Identify and group raw material items
that get delivered to this supplier. Add the raw material supplier to the
supply chain echelon map one echelon upstream from the supplier that it
sources.

Practice Commodity Management

The practice of commodity management is a good way to rationalize and maintain
an appropriate number of suppliers in your supply base and to control the purchas-
ing spend. Commodity management groups parts made from the same raw mate-
rial together. For example, sheet metal parts are grouped together, plastic parts
are grouped together, passive electronic parts are grouped together, or electronic
memory devices are grouped together. Then purchasing selects just two or three
suppliers to cover the range of items within the commodity category. This builds
volume with a few suppliers, reduces the investment in custom tooling, and gives
the buyer leverage in price negotiations.
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Unmanaged and Out of Control

Otherwise, here is what happens. Every new product generation used a differ-
ent type of hardware fastener from Phillips head to Pozi drive to Torx head and
from English to Metric, some in steel and some in stainless steel. Engineering
management had allowed the mechanical design team to switch fastener systems
willy-nilly. When the new purchasing manager took over the department, he
was shocked to discover that manufacturing depended on 112 suppliers for 239
hardware fastener part numbers. The cost of the hardware fasteners was minis-
cule in comparison with the total material cost of the product. However, even if
one fastener part number was out of stock, it could delay shipments and revenue
worth hundreds of thousands of dollars. While it was economically infeasible
to devote engineering time to redesign older products to consolidate fastener
requirements, there was still much that purchasing could accomplish. The 239
part numbers were grouped according to common industry usage and relative
volume within the business. Purchasing found a high-quality hardware distribu-
tor in Brooklyn, New York, who was able to cover 65% of all requirements and
provide a high level of quality control. This consolidated 42 of the original sup-
pliers into one distributor. The consolidated purchase volume resulted in a 3%
reduction in cost.

How to Group Suppliers and Commodities

Suppliers come in three flavors: sole source, single source, and multiple sources. A
sole source supplier is the only organization in the world that can supply a particu-
lar item; this is for reasons of sole access to a precious material, a secret production
process, or undisclosed intellectual property. A single source supplier is one of sev-
eral that can supply the particular item, but you have chosen to work only with this
supplier for your own business reasons. Multiple sources means that several suppli-
ers are capable of supplying the item, and you can use any of them.

Once the composite BOM item master is created, you can begin to group items
by commodity type and target the number of suppliers required to construct your
supply base. Items, in general, fall into three classes.

B First are the standard, off-the-shelf parts purchased from a parts distributor’s
catalog. There are usually multiple source suppliers who can provide standard
parts at competitive prices. It is often the case for small accounts that you will
be forced to purchase from a supply distribution network and not from the
supplier directly.

B Second are custom fabricated parts. Here, the buyer provides a customized
parts drawing to a supplier with a standard process. For example, a sheet
metal supplier offers standard processes to shear, punch, fold, and anodize
aluminum sheet metal; the buyer provides the design drawings to make the



Table 6.6 Example Purchasing Landscape

Source m 189

sole
sourced

Commodity 3
Commodity 1 | Commodity 2 Second
Strategic Highest Highest
Impact Dollar Spend | Dollar Spend All Other
Standard Supplier B Supplier E Supplier H
O:]f t]?e distributor Supplier F Supplier |
she . .
distributor Supplier )
Custom Supplier C Supplier K
fabricated Supplier D
Proprietary Supplier A Supplier G

aluminum sheet into a custom bracket. There are usually several single source
suppliers who can provide fabrication services over a range of prices.

B Third are proprietary, sole sourced parts. These are often the one or two parts
that set the price/performance point for your product.

You want to split your composite BOM item master into 6 to 12 commodity
groupings (see Table 6.6). This will focus your purchasing resources in the right
direction without becoming unwieldy. The exact list of commodities depends upon
the type of product delivered through your supply chain network. Select commodi-
ties based on their strategic impact and cost impact.

Five Triggers for Reviewing the Supply Base
and Commodity Groupings

Here are five optimal times in the life cycle of a business that should trigger a review

of the supply base and commodity groupings managed by purchasing:

1. Building a new supply chain from scratch—This is the best time to rational-
ize the supply base and select the right group of commodities from which to
manage direct material costs.

2. Expanding an existing product line with next generation products—Next-
generation products often drive a business into a new technology, requiring
additional suppliers and replacing one commodity group with another more
strategic group.
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3. Acquiring and merging two companies—In the crush to build and deliver acquired
products, companies often lose the opportunity to consolidate suppliers and
commodity groups. This exercise is a tradeoff among committing engineering
resources to design out certain parts, keeping operations in inventory to “keep
the store open,” and committing purchasing resources to rationalize supply.

4. Divesting or outsourcing product lines—Here, the issue becomes identifying cer-
tain suppliers that straddle the product line being kept and the product line
being divested. If the remaining parts cannot be moved to the set of preferred
suppliers, then the reduction in parts volume will cause parts prices to increase.

5. Obsoleting and discontinuing an old product—This event perpetrates the long
tail of inactive suppliers and no turn inventory kept just in case for warranty
support.

Determine a Material Budget
before Shopping for Suppliers

It is very important for you to know how much can be spent on direct materials
before you go shopping for a supply base. Direct material purchases need to be a
zero-sum game against a total material budget. If you are surprised by a higher-than-
expected cost within one commodity group, then you will have to compensate by
cutting the cost within a second commodity group. The following paragraphs discuss
common types of pricing agreements and how to determine a direct material budget.

Types of Pricing Agreements

The single biggest factor in winning a pricing concession is your ability to increase
the volume awarded to the supplier. Product line rationalization to reduce the
total number of commodities and unique part numbers along with supply base
rationalization to reduce the total number of suppliers is the best means of
increasing volume. The type of pricing agreement you have with each supplier in
the supply base depends upon the frequency of purchase, the volume of the pur-

chase, and the type of supplier, i.e., multiple source, single source, or sole source.

B One-time Internet catalog or Internet auction buy—The commodity is pur-
chased at the current catalog price or spot price. This is sometimes done
inside normal lead time at the start-up of a new product or when there is the
crisis of an inventory shortage. There is no room for price negotiation. There
is no relationship with the supplier. There is often the risk that the inventory
item with the broker is a counterfeit. Never buy unsealed or resealed cartons,
and trace the lot code/date code back to the original producer. Since this is a
one-time buy, you usually have to pay upfront.
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B [nfrequent purchase order—This often occurs with low-turn, inexpensive
parts bought from established multiple source suppliers. The purchase order
is the contract. While there is some relationship, there is usually not enough
volume to warrant any price discount.

B Market basket pricing—You can sometimes gain a volume advantage by sourc-
ing multiple part numbers through one supplier or supplier’s distributor. This
provides an opportunity to negotiate market basket pricing based on the total
volume across all the part numbers. Market basket pricing means that some
items will have better pricing than the competition would, while other items
will have worse pricing than the competition would; but the total spend will
be less that if each item had been purchased separately.

B Annual pricing contract—Here, a formal agreement is reached with a pre-
ferred supplier to provide a discounted price as long as you purchase and take
receipt of a certain annual volume by a certain deadline. Purchase orders are
then released against this annual agreement, which is often called a blanket
agreement.

B Long-term agreement (LTA)—You will want to have multiyear LTAs with
any sole sourced suppliers that provide the key technology commodities for
your business. This relationship agreement protects your source of supply,
even when volumes are low during the early sales of a new product start-up.
Such agreements include legal nondisclosure provisions to protect intellec-
tual property, including patents and trade secrets. A small customer must
bring something strategic to the table for the supplier to consider signing
an LTA.

B Additional costs—Suppliers often tack on additional costs, some which
may be unexpected. There are one-time setup costs, tooling costs, costs to
subcontract part of the process, documentation costs, costs to implement
revisions, and inventory holding costs. These must all be taken into con-
sideration when comparing “apples-to-apples” pricing between competing
suppliers.

How to Determine an Affordable Budget for Direct Materials

Consider again the seller’s price to buyer’s landed cost implications of the “con-
necting the dots” storyline at the beginning of Chapter 5: “Make.” The price of
direct material from the supplier gets added to by logistics and factory labor, then
multiplied by factory and distribution markups until the list price to the end
customer is quite large. The best way to control escalating product list prices is to
know your budget for direct materials before you start lining up a supply base.
Table 6.7 calculates backward from the $500 target customer landed cost to the
affordable total material budget.
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Table 6.7 Calculating the Direct Material Budget from the Product Price

Deliver Make Source
Per Unit Pricing Spend Spend | Spend
Target customer landed cost $500
Outbound logistics, <$2> $2
VAR price $498
VAR markup <$150> $150
Outbound logistics, <$3> $3
Distributor price $345
Distributor markup <$104> $104
Distributor labor + Overhead <$11> $11
Midbound logistics <$10> $10
Factory price $220
Factory markup <$66> $66
Factory labor + Overhead <$9> $9
Material landed cost $145
Inbound logistics <$15> $15
Total material budget $130 $130

How to Make Direct Material Landed Costs
Fit Competitive Customer Pricing

Table 6.7 illustrates that the drivers of the end customer’s landed cost include direct
material dollars, direct labor hours, factory labor rate, factory overhead, factory markup,
distribution labor rate, distribution overhead, distribution markup, and all forms of
logistics. Logistics costs are driven by the transportation mode, the weight and cubic
volume of the freight, and by duty on international shipments. You will often find that
the computed budget for direct materials does not come close to achieving the market
pricing you need to be competitive. At this point, you need to rethink how the network
container and its product contents are constructed. The following list of the key cost
driver leverage points can help you achieve your direct material budget.

B Reduce total direct material dollars
— Redesign the product—Rework the product. Focus its purpose and take
out extraneous features. Specify different, cheaper materials. Consider
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alternative technologies that provide the same functionality. Reduce the
total number of components.

— Increase and consolidate purchase volume with suppliers—Reduce the total
number of suppliers providing the most expensive parts. Purchase mul-
tiple part numbers from the same supplier. Develop a supply base of pre-
ferred suppliers.

—  Contract for longer period—If you are sure the product will be viable in the
market for several years, negotiate a pricing agreement covering two years.

— Eliminate quality yield problems—Eliminate the need to buy extra quanti-
ties of a material because of an unaddressed quality yield problem.

B Reduce total direct labor hours

— Ensure that product prototypes emulate the final product—Be wary of situ-
ations where a prototype manufacturing process is different from the vol-
ume manufacturing process.

— Redesign the product—Rework the product to require less direct labor.
Reduce the number of hardware fasteners inserted by hand. Reduce
the number of times the product has to be reoriented during assembly.
Reduce the number of times and the distance the product has to be
moved. Simplify part identification. Simplify product packaging.

— Automate—Eliminate labor through automation. Invest in tooling that
eliminates labor variability.

— Increase volumes of fewer products—XKeep the upstream product assembly
generic and high volume. Push product mix changes to the end of the line
downstream. Move quickly down the learning curve.

B Reduce supply chain length

—  Upstream supply base—Reduce the total number of upstream echelons as
each echelon introduces its own markup. Deal directly with the supplier
on expensive items and avoid the added cost and additional echelon of a
supply distribution network.

— Downstream delivery channels—Reduce the total number of downstream
echelons, as each echelon introduces its own markup. Where geography,
delivery lead time, and product mix allow, go directly to the end cus-
tomer and avoid the added cost of layered distribution.

B Reduce supply chain breadch

— Rationalize the supply base—Operate with fewer suppliers, each sourcing
more items.

— Rationalize distribution—QOperate with fewer distribution centers, each
covering a greater geographical area.

— Break a very complex supply chain into two simpler supply chains—Focus
to simplify.

B Reduce trading partner markups

—  Outsource manufacturing to a country with a lower labor rate—hen the

product or a subassembly has significant labor content, seck a country of
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manufacture with a lower labor rate. Redesign the product to reduce its
labor content.

Identify hidden quality issues that inflate trading partner markups—
Material yield factors, process quality, and employee training issues that
go unaddressed drive higher-than-necessary markups.

Seek manufacturing locations offering tax incentives—Eliminate or reduce
taxes from the markup by building the product in a location offering tax
incentives.

Partition the BOM to postpone within distribution—TFocus the factory on
building higher volumes of fewer generic products by shifting the mix
component into distribution.

B Reduce total logistics costs

Partition the BOM to minimize duty—Import incomplete product assem-
blies duty free.

Locate manufacturing in a free trade zone (F1Z)—Use manufacturing in
FTZs to import and export duty free and to take advantage of reduced
labor rates.

Duty drawback—Apply for duty drawback credits on items that are
imported into then exported out of a country that charges duty on that
item.

Shorten the logistics path—Select noncritical suppliers that are closest to
the factory or distributor.

Package product to decrease weight and cubic volume—Minimize the
weight and cubic volume of the packaging materials themselves.
Drive empty space and underused footprint out of palletization and
containerization.

Design lower-cost product packaging— Consider alternative packaging
materials and methods to ship the product. Reuse packaging materials.
Trade off longer transit times for lower freight costs—Shift from higher-cost
motor freight to lower cost rail or ocean freight at the expense of a longer
transit time.

Select the Best Supplier

You are now ready to search for and select the best suppliers to construct your sup-
ply base. From this chapter, you know the commodities needed and what you can
afford to pay. From Chapter 10: “Inventory Management,” you know the quan-
tities needed and the lead time you can afford to wait to receive inventory. The
Internet provides many catalogs of potential suppliers. Three examples of numerous
websites from which to start your search are http://www.alibaba.com for factories
and suppliers, hetp://www.digikey.com for electronic components, and heep://www
.mcmaster.com for industrial components.


http://www.alibaba.com
http://www.digikey.com
http://www​.mcmaster.com
http://www​.mcmaster.com
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Supplier Selection

The following decision criterion, Table 6.8, enables you to quickly eliminate sup-
plier candidates that do not fit your Supply Chain Construction Requirements
Specification. The “must” criteria are knockout criteria. Your initial search can be
based on just the three “must” criteria for commodity capability, landed cost con-
sidering the supplier’s location, and throughput capacity based on the number of
employees. If all three “musts” cannot be satisfied, then move on to another sup-
plier candidate. Each “want” criterion will be satisfied, to a greater or lesser degree,
depending on the candidate. While it is easy to add more “wants,” you can make
a good decision with just this set. Execute a nondisclosure agreement with each
candidate supplier before sharing information.

Supply Base Rationalization

You use Table 6.8 to choose a supplier when you have none. But sometimes, you
need to work in the opposite direction to consolidate the supply base when you
have too many. This is called supply base rationalization. It is best carried out one

Table 6.8 Supplier Selection Criteria

Priority Criterion Validation
Must 1 Commodity 1. The right technology?
technology af‘?' 2. The right commodity process
process capability expertise?
First Choice:
Off-The-Shelf | Second Choice:
Multiple Custom Preferred
Suppliers Supplier Third Choice: Proprietary Sole Sourced
Must 2 Landed cost at 1. Driven by labor rate?
volume (dollars) 2. Driven by raw material costs?

3. Driven by inbound logistics and
import duty rate due to plant
location?

Must 3 Throughput 1. Company size based on number of
capacity employees.

2. ldeally, your demand should be
>5% and <35% of the supplier’s
throughput.

(Continued)
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Table 6.8 (Continued) Supplier Selection Criteria

Priority Criterion Validation
Want Part quality 1. Evidence of a quality philosophy?
(demonstrated 2. 1SO process certification?
failure rate)
3. Workforce turnover?
Want Delivery lead time | Select the best supplier, not just the
(days) first one that can deliver in time for first
production.
Want Delivery reliability 1. Delivery lead time variability?
2. Responsiveness to new mix and
rate requirements?
Want Information 1. Information completeness?
systems 2. Ease of interfacing?
3. Perpetual inventory accounting?
Want Financial stability | Perform due diligence that the supplier
is financially viable and able to carry its
debt for the foreseeable future.
Want Engineering 1. Process engineering?
support 2. Who owns the process tooling?
3. Sustainability considerations?
Want Prototyping 1. Lead time for prototyping?
capability 2. Cost for prototyping?
3. Are prototypes built using the
production process?
Want Workforce Perform due diligence that the supplier
management is law abiding and nondiscriminatory in
its workforce management.
Want Environmental 1. Perform due diligence that the

stewardship and
sustainability

supplier does not have an
environmental risk exposure for
violation of clean air, clean water,
or toxic chemical dumping.

2. Has computed its carbon footprint?

3. Product made from sustainable
materials?
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commodity at a time starting from your highest spend and/or most strategic com-
modities. The approach answers the question, “Can you achieve a lower total landed
cost for this commodity by using fewer suppliers?”

Follow these steps to rationalize your supply base:

1.

Choose a commodity that is either very significant across all the items con-
tained in the composite BOM relative to COGS or very significant to revenue
should there be a shortage of supply.

. Document your baseline. List each supplier for the commodity, its factory

and distribution geographical locations, every item you buy from the sup-
plier, and how much you spend in total with the supplier.

. The new total landed cost you will pay for each item depends upon the following:

a. 'The current price at the current volume purchased.

b. Minus any price discount due to a larger total volume across several items
to be purchased from the same supplier.

c. Plusany price premium to be paid to access a specific production capability.

d. Plus any stranded inventory cost. In the process of rationalizing the sup-
ply base, you may decide to walk away from some inventory. Stranded
inventory is inventory that you own that has no future demand.

e. Plus the difference in freight cost between your current inbound logistics
path and your future inbound logistics path.

. Identify candidate suppliers, either ones you already use or new ones, which

are process and capacity capable of sourcing more of the whole set of com-
modity items than they are currently doing. You may have added suppliers in
the past for good reasons because of part pricing, or growth in the number of
products you offer, or because of a business merger. Now you are catching up.

. Consider shifting item sourcing to a different supplier when that supplier is

capable of sourcing a greater piece of the whole commodity.

. When you have a plan that covers every item in the commodity while using

a significantly smaller number of suppliers, negotiate item pricing to confirm
your total landed cost.

. If your negotiated total landed cost across the whole commodity will result

in a better than 10% total landed cost reduction, then pull the trigger and
implement your plan.

Optimize Inbound Logistics Costs

Inbound logistics connects raw material and part suppliers with contract manu-
facturers and factories. While inbound logistics may involve motor freight, rail
freight, ocean freight, or air freight shipping either domestically or internationally,
one characteristic of inbound logistics is that it is a relatively fixed, sometimes infre-
quent, network delivering many items in small quantities and small cubic volumes.
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And, there may be a few items that require special logistics considerations for high
weight, high volume, refrigerated handling, or hazardous materials handling.
Additional import duty classification and regulatory considerations come into play
when you are importing raw materials and other items from a supplier located in
another country.

Without careful inventory planning, inbound freight can degenerate into high
levels of expensive expediting. Taking control of your inbound expediting can
eliminate most of your inbound logistics cost surprises. Additionally, many freight
cost tracking systems report well after the fact, making it impossible to correct bad
situations in real time. Chapter 5: “Make” covers palletization, containerization,
mode of transportation, and midbound logistics considerations, while Chapter 7:
“Deliver” covers outbound logistics and export regulatory considerations.

Domestic Inbound Logistics

While the basics of transportation pricing versus the mode of transportation are dis-
cussed in Chapter 5: “Make,” inbound logistics has the following specific considerations.

B Small-parcel and document deliveries by UPS, FedEx, US Postal Service—These
small-parcel service accounts have negotiable rates based on the total volume
of business conducted. It is sometimes possible to consolidate freight volume
among multiple divisions of the same company to achieve lower rates. UPS and
FedEx deliver and pick up once each working day. They each provide special
computer terminals to enter shipment descriptions and destination informa-
tion that will print shipping labels at your location. They all offer international
delivery services. There is a wealth of information about shipping rates, packag-
ing requirements, and point-to-point transit times on their respective websites:
heep://www.ups.com, http://www.fedex.com, and http://www.usps.com.

B Local supplier self-deliveries—Some local suppliers, such as corrugated carton
suppliers, are willing to make deliveries using their own transportation. This
is because their commodity occupies a large volume on their production floor,
and they want to move it out quickly.

B Less-than-truckload (LTL)—LTL shipments are expensive and are arranged
through a freight forwarder. If possible, consolidate the freight on such a
shipment with other local businesses to get full truckload pricing.

B 7he bread man—The bread man is a vendor-managed inventory (VMI) sup-
plier who manages and delivers inventory to a specific location on your pro-
duction floor. This is consigned inventory that you buy as it gets consumed.
The logistics cost for a VMI arrangement is built into the part pricing.

B Milk runs—Sometimes, a number of suppliers in the supply base are geo-
graphically close to the factory. A milk run is the contracting of a local truck-
ing company to swing by each supplier, perhaps once a week, to deliver the
mixed inventory back to your factory.


http://www.ups.com,
http://www.fedex.com,
http://www.usps.com.
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B Special handling commodities—Certain types of commodities require special
handling, such as refrigerated freight or radioactive isotopes or corrosive haz-
ardous materials. There are airfreight restrictions on concentrated packaging
of lithium bactteries. It is imperative that you know and adhere to the trans-
portation regulations for such shipments. Your freight forwarder can put you
in touch with the most up-to-date regulatory requirements.

B Receiving and warehousing—Be prepared to receive the cubic volume and handle
the weight of all inbound shipments. Refusing delivery and double handling
freight adds hidden costs and potentially will cause missed shipments to
your customer. Occasionally you will need additional space to quarantine defec-
tive material awaiting disposition from the supplier. Finance needs a three-way
match to pay the supplier’s invoice. The three-way match consists of the buyer’s
purchase order, the seller’s invoice, and physical proof of delivery from the buyer’s
receiving dock. The part number, description, quantity, and supplier must all
match. Receiving needs to verify all inventory receipts reliably and timely. Should
you run out of space to store inbound freight, you will have to scramble to set
up a secondary warehouse and/or secure temporary trailers in the parking lot.

International Inbound Logistics and Importing

When the inbound logistics connection involves the seller (supplier) exporting and
the buyer (factory) importing, then the shipment involves international logistics.
Remember that if the product has to be returned for any reason, then the buyer
(factory) is exporting and the seller (supplier) is importing. The seller and buyer
must comply with import regulations according to the laws of their respective
countries. Import regulations define duty on every kind of merchandise and specify
country-specific trade quotas, trade embargoes, and antidumping and countervail-
ing laws that work to level the playing field against illegal international price fixing.

The International Chamber of Commerce, http://www.iccwbo.org, provides access
to internationally recognized purchasing terms and conditions (INCOTERMSY),
explanations of how to use letters of credit and arbitration services. The US
International Trade Commission website, http://www.usitc.gov, publishes the har-
monized tariff schedule (HTS). The US Customs and Border Protection website,
heep://www.cpb.gov, provides a wealth of information on international trade com-
pliance. While Chapter 7: “Deliver” discusses export compliance, here are the key
considerations for import compliance:

B Commercial invoice—This is a document signed by the seller or their agent pro-
viding the following kinds of information: port of entry; names of the buyer and
seller; if consigned, names of shipper and receiver; description of the merchan-
dise; number of packages, package weights and measures; purchase price of each
item and its currency; charges upon the merchandise, such as freight, insurance,
and commissions; allowed rebates and drawbacks; country of origin; and more.


http://www.iccwbo.org,
http://www.usitc.gov,
http://www.cpb.gov,
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B Duty assist—The buyer provides the seller with dies, molds, tooling, art-
work, or engineering work used in the production of each unit sold by the
seller. Duty applies to the value of this assist and is paid upon the first
shipment.

B HTS classification—Imported goods are subject to duty or duty-free entry
according to their classification under the harmonized tariff schedule (HTYS).
This is a 10-digit code expressed as xxxx.yy.zzzz, which is determined from
the HTS by the manufacturer, sometimes with help from a customs broker.
The tariff schedule is divided into chapters, which separate merchandise into
broad categories for classification.

B Duty drawback—This is a refund of duties paid on imported merchandise
used to manufacture items that are subsequently exported back to the same
country. For example, cables manufactured in the United States are exported
to Mexico, where they are attached to a printed circuited assembly and the
assembly is imported back into the United States. Duty drawback eliminates
the double payment of duty on the cables. Duty drawback is documentation
intensive, and it takes time to be refunded.

B Advance manifest rules—The United States has set time limits on the applica-
tion of an advanced manifest to Customs before an inbound import shipment
can be accepted. These advance manifest rules are transportation mode spe-
cific, as follows: 1 hour before arrival for motor freight, 2 hours before arrival
for rail freight, 4 hours before wheels up for airfreight, and 24 hours before
landing for ocean freight.

B Rules of origin—Rules of origin are complex and generally require the assis-
tance of a customs broker. A preferential rule of origin means the merchan-
dise classification is covered under one or more bilateral or multilateral
trade agreements such as the Generalized System of Preferences, the North
American Free Trade Agreement, etc. Rules of origin specify how to deter-
mine the local content required substantiating the country of origin and the
conditions under which a “tariff shift” to a lower duty rate may be possible
through a “substantial transformation” of the item.

B Foreign trade zone (F1Z)—This is a geographic area where goods may be
imported, handled, manufactured, or reconfigured and reexported without
paying duty. This privilege is granted because organizations agree to hire
employees from the host country to staff their FTZ operations. Duty is paid
for any product sold to the host country from the FTZ.

B Country of origin certification—The supplier or factory provides country of
origin certification to validate preferential duty treatment.

B Country of origin marking—This marking is a legible, indelible, and
permanent indication of the country of origin placed on each item.
Subsequent packaging labels from the carton to the master carton to the
pallet to the container must be consistent in the country of origin mark-
ing and documentation.
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B Liguidation—This is the Customs acceptance of the classification and valua-
tion of an import with payment of any duties.

B Customs power of attorney for the importer of record—This is the Customs broker
given legal authority by the importer to represent the importer to Customs.

There are several common business risks associated with import compliance.
First, at the time of liquidation, the importer of record can be challenged by
Customs to substantiate the HTS classification. Second, one must not fail to rec-
ognize and pay any duty assists. Third, it is a good idea to classify all items on the
composite BOM item master, as you never know when an item will be sourced as
an import through an alternative supplier.

Outsourcing the Supply Base: A Case Study

In the face of stiffening competition and an eroding order picture, the product line
made a decision to close a captive Metal Fab Shop and outsource all its metal parts.
The organization’s core competencies had evolved well beyond metal fabrication. The
organization needed increased flexibility with overhead expenses to retain its leadership
position in the marketplace. Management established the seemingly impossible goal of
terminating all shop activity within six months to be able to lease the 16,000 square
feet of physical space to an unrelated third party within eight months. At the time, 36
employees were working split between two shifts using 75 metal-forming machines to
fabricate 1,270 part numbers all for internal product manufacturing consumption.

An important distinction was made between the short-term objectives and the
medium-term objective. Priorities were established to focus on continuity of supply and
piece part quality in the short-term and to focus on achieving equivalent piece part prices
in the medium term. While the very short timeframe for outsourcing drove the project
team to make decisions in a timely fashion, management knew it would have to absorb
transitional costs in the form of higher piece part prices and inventory investment.

[Author’s note: This project occurred at about the midpoint of the author’s pro-
fessional life, while he was a purchasing manager. It occurred at a time before the
Supply Chain Construction Requirements Specification existed, before the Supply
Chain Construction Blueprint existed, and before the Value Circle existed. As you
will learn, the end results of this project were mixed.]

Defining the Metal Fab Shop Outsourcing Project

The 1,270 parts consisted of sheet aluminum or a sheet steel bracket and chas-
sis parts, vinyl-clad aluminum covers, painted and silk screened front panels, and
extruded aluminum heat sink parts. A segmentation matrix was made of all the
part numbers into “A,” “B,” “C,” and support life categories (see Figure 6.2). “A”
parts turned once a month, “B” parts turned once a quarter, and “C” parts turned
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Figure 6.2 Break the supply base problem into a set of smaller problems.

once a year. Of the total 1,270 part numbers, 482 were classified as support life
parts; it was decided to deal with this group of parts on an as-needed basis. It was
also decided to build a one-year inventory of the 616 “C” part numbers while the
Metal Fab Shop was still intact. This reduced the size of the project and bought
time to focus resources on the critical “A” and “B” parts; it also meant that “C” part
production could occur while all specialized tooling was still in place.

As the word got out that the Metal Fab Shop was closing, local suppliers came
forward with offers to take over the business. It quickly became clear that a strategy
and supplier selection decision criteria were needed. The “musts” became continuity
of supply and piece part quality. The “wants” became the following:

B Achieve external supplier piece part pricing equivalent to the internal Metal
Fab Shop transfer cost.

B Minimize the total number of suppliers added to the supply base.

B Receive both prototypes and production parts from the same supplier using
the same processes.

B Transfer part design information and design for manufacturabilitcy (DFM)
feedback electronically.

B Favor geographically local suppliers to maximize communications and mini-
mize freight costs.

B Optimize for the least total cost of outsourcing,.

Identifying Potential Suppliers

A list of potential suppliers was compiled from a variety of sources, including cur-
rent subcontractors, new business contacts including those who had offered their
services, references from other divisions of the corporation, and local suppliers
listed in the Thomas Register. With some research, the candidate supplier list was
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segmented into groups by business revenue and fabrication processes offered. In
many cases, candidate suppliers did not offer both sheet metal fabrication and
machined part capabilities. Negotiations started with larger businesses that offered
a full range of capabilities with the hope that one such supplier could do it all.

A Supplier Day was held in which the business opportunity was described. Senior
managers from several suppliers were invited to spend a day at the plant learning
about requirements, viewing the processes in operation, and inspecting the metal-
forming equipment. Each was requested to prepare a formal request for quotation
(RFQ) on the “A” and “B” parts, and each was told that the metal-forming machin-
ery was also available for sale. Each contender was given a small representative set of
sample parts and a complete set of shop drawings. They were asked to prepare their
most aggressive offer along with documentation of their set of assumptions. They
were told the custom tooling would be made available to the supplier winning the bid.
During the two weeks following Supplier Day, the Metal Fab Shop manager, a buyer,
and a metals engineer toured the complete facilities of each top contender. These day-
long meetings followed the format of a supplier qualification audit. The team looked
for key differences among the candidate suppliers and answered detailed questions
about the RFQ. The team articulated the decision criteria often to stress the expecta-
tion of continuity of supply and piece part quality within a win—win relationship. The
candidate suppliers complained that the RFQ deadline did not allow anywhere near
enough time to estimate pricing from hundreds of shop drawings. The team patiently
replied that the project timing was aggressive and that this opportunity was unlike
any other they might have in the near future.

An Outsourcing Strategy Evolves

The original plan was to outsource the business to one of the large suppliers who
could meet all of the diverse needs. The team soon realized that the local com-
panies that had been approached were optimized for either sheet metal fabrica-
tion or machined parts fabrication, but not both. The outsourcing strategy had to
evolve into one of managing a small number of suppliers split by process capability,
as shown in Figure 6.3. The sourcing for sheet metal parts became a decision of
whether or not to keep some competition between preferred suppliers A and C
to motivate each into continuous improvement and price reduction. If supplier C
would not come down in price within a year, then a third competitor, supplier E,
would be brought into the supply base. The part numbers were split evenly between
suppliers A and C, with front panels and covers all assigned to supplier C, which
had stronger painting and finishing processes. The preferred sourcing for machined
parts boiled down to a decision between a vertically integrated extruder/fabricator,
supplier B, and a custom extrusion house, supplier D. The vertically integrated
fabricator would have to subcontract certain secondary assembly operations. The
custom house depended on other extruders for their raw materials supply. Supplier
D could be brought on-line later, if supplier B did not work out.
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Figure 6.3 A supply base strategy.

The team then set about formalizing each new relationship with a set of annual
volume agreements. The first contracts were for a one-year period. Each contract set
an agreed-upon price for a specific range of part numbers but emphasized continu-
ity of supply and an aggressive quality performance measurement. The contract was
worded to make it easy to both add new part numbers and to roll the contract into
a longer term relationship, once each supplier had demonstrated sustained perfor-
mance. In return, the team agreed to purchase 100% of the specified part numbers
from that single supplier and to share their process expertise for building each part.

Part Transfer Process

Each part number was outsourced using the same 10-step transfer process detailed
below. These transfers required considerable coordination between the new supplier
and mechanical engineering and between purchasing and the new supplier’s order
processing and scheduling. Part transfers were prioritized based on the inventory
needed to achieve production schedules. The supplier prioritized the initial produc-
tion of each part based on the availability of tooling and machine capacity. In some
cases, the same custom tooling was simultaneously required for start-up production
at the receiving supplier and for the buffer inventory production of “C” parts back
in the sending Metal Fab Shop. A few complicated transportation schedules were
required to shuttle one-of-a-kind tools back and forth between organizations.

1. Review the part specification drawing; change to the next revision for new
supplier production.
2. Agree to a lot size for the new supplier.
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3. Transfer the fastener hardware inventory to the new supplier.
4. Transfer, or if necessary share, custom tooling.
5. Change the drop shipment address for raw sheet stock to the new supplier.
6. Implement the routing file at the new supplier.
7. Keep one original part as a “golden sample” for dimensional checks.
8. Teach part inspection to the new supplier during the first production run.
9. Optimize part packaging for transit.
10. Consume all old inventories with the last revision first.

Human Costs

While the team was successful in meeting its objective of closing the Metal Fab
Shop operation on time without any continuity of supply issues, there were many
serious personnel issues. When the second shift operation was terminated, a few
people transferred to the first shift and lost their shift premium. When all Metal
Fab Shop production activity was halted after six months, four employees were
absorbed into other site opportunities, two employees stayed on to assist in the dis-
posal of the machinery, and the rest were laid off. The company provided retraining
resources, outplacement assistance, and an attractive severance package including
COBRA transitional healthcare. Several people took advantage of the incentive
payout to go back to school and/or to move their families to other parts of the
country. A few employees found employment opportunities with the new suppliers.
But for many months after the layoffs, the morale of the whole plant was low as
employees who remained experienced close friends leaving the business.

It took two full calendar years to work through the volume of transfers associated
with the “C” parts. This time fully occupied some of the company’s best purchasing
and mechanical engineering people, forgoing other business opportunities. Untold
hours were spent working out the details of drop shipping raw materials, transferring
specialty hardware inventories, and adapting customized tooling fixtures to the new
supplier’s machinery. Communications with the new suppliers across some distance
forced a higher level of formality with DFM feedback for new part design. No longer
could a design engineer walk down to the hall to the Metal Fab Shop and talk face
to face with the punch press operator about a new part design concept.

Piece Part Quality

Defect rates on every type of metal part increased, while the new suppliers learned
the necessary process controls. For some part numbers, the initial lots ran 35 times
higher in parts per million defects than the closing rates of the internal Metal Fab
Shop. Cosmetic defects, sliver problems with the vinyl-clad aluminum, and metal
flaking with the heat sink extrusions caused very high initial levels of inspection
and rework. Missing holes, holes not tapped, and burring were the next order of
quality problem. A third set of problems were related to missing hardware; this was
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finally brought under control after hardware counters were installed on certain
insertion machines.

These quality issues were addressed through the transfer of process technology
and the application of continuous process improvement. Each preferred supplier
already had in place a mature quality system. Immediate feedback was provided to
the new suppliers on problems as they were found, and example defective parts were
returned for their review. Problems were classified and charted. The team looked
for repeating offenders on sequential work orders of the same part number so that
the supplier’s employees could receive additional training. To their credit, the new
suppliers reorganized and simplified their process steps, tuned their performance
measures, and retrained all their employees.

Piece Part Cost

The first round of contracts gave priority to continuity of supply and allowed each new
supplier some leeway in piece part pricing. Contract pricing negotiations had been built
around certain benchmark part numbers, with average prices for the remaining volume
of part numbers extrapolated by spreadsheet from these benchmarks. It was recognized
that the candidate suppliers had not been given adequate time to review and quote on
the thousand individual specification control drawings. During the first contract cycle,
as the new suppliers gained experience fabricating the parts, it became obvious that
the pricing was noncompetitive. While the volume weighted average price had looked
reasonable, pricing on some specific part numbers ran 55% higher than the transfer cost
standards from the internal Metal Fab Shop. This situation was remedied during the
second round of contract negotiations. The supplier D and supplier E strategies never

had to be deployed.

Tradeoffs of Warehouse Space, Inventory Investment,
and Freight Expense

The internal Metal Fab Shop operated its own warehouse. Scheduling and part
inspection were done by Metal Fab Shop employees. Small lots of metal parts fin-
ished goods were issued daily from the warehouse to the final product assembly;
there was no incremental freight cost for this material handling.

The team had to address many obvious issues. When first switched to out-
sourcing, the final product assembly was overwhelmed by the cubic volume of
metal parts shipped from the new suppliers. The lot sizes received each day were
much greater than had been dealt with internally. An overflow area was set up
to accommodate the dozen skids of metal parts arriving daily. The first covers
were so well wrapped in protective plastic that it took two materials handlers six
hours to unwrap just 100 parts. Electrical incoming inspectors had to be trained
on reading mechanical drawings and on operating precision measuring equipment
to check metric dimensioning. While the scheduling workload disappeared, the
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purchasing, cost accounting, incoming inspection, and materials handling work-
loads exploded. And inbound freight costs went up dramatically. These were all
unintended consequences.

Sale of the Metal-Forming Machinery
and Environmental Expense

The internal Metal Fab Shop had been well equipped with 75 capital assets includ-
ing two Strippit NC punch presses, Pacific brakes and presses of different tonnage,
an auto loading Muzak machining center, and an automated chromate line. It was
essential to maximize the return on the sale of these assets to reduce the fixed por-
tion of the overhead. One of the shop supervisors and one buyer were tasked with
selling this machinery. Their objective was to maximize sales and to have all the
machinery physically removed.

Only a few of the machines had been bought by the suppliers who had been
awarded the business. The buyer had had considerable experience buying raw mate-
rial in sheet form and was very familiar with certain distributors and machinery
brokers who might be interested in the equipment. He compiled a list of potential
buyers and set up individual appointments for each party to inspect the equipment
and its associated tooling. Terms included that the facilities staff would disconnect
each machine at an agreed-to date, that there was a firm deadline for the removal
of the machine, that specified tooling would be included in the bid, that payment
would be upon receipt in the form of a cashier’s check, and that the equipment buyer
was responsible for scheduling and paying to rig the machinery out of the building.

The metal-forming machinery was in excellent repair, and it brought handsome
prices. One exception was the automated chromate line. While the process line
was ultimately sold, there were considerable environmental expenses to be paid for
cleaning and proper parts disposal and for the refurbishing of the area to meet the
specification of the new tenant.

In Summary

This chapter explains how to construct the upstream supply base. It begins with a
discussion of part numbers, the BOM, and the composite BOM item master. The
composite BOM item master is used to identify the set of suppliers necessary to
operate the supply chain. Next, commodity part groupings and types of pricing
agreements are discussed. This leads to developing a budget for direct material and
the types of leverage points that can be used to manage the ratio of the supplier’s
direct material price/landed cost to the price/landed cost seen by the end customer.
A supplier selection criterion is presented. Finally, there is a discussion of inbound
logistics and import regulatory compliance. The chapter ends with a detailed case
study of a supply base outsourcing project.






Chapter 7

Deliver

Distributors are found throughout the supply chain network. There may be raw
material distributors, supply distributors, factory distributors, market channel dis-
tributors, and even country trading companies that provide distribution access into
a country, like Japan. It is important to know with whom you are really dealing for
each supply chain network relationship. The further removed you become from the
actual producer of raw material, parts, or product, the more expensive the product
price becomes for your customer. Buy your materials directly from their source, if
you can, and use distributors to provide access to the market segments you choose
to serve.

A distributor is different from a warehouse. A warehouse is a large room that
holds inventory, while a distributor combines a warehouse with an organization
that buys and sells, material handling equipment, an information system, and
relationships with logistics service providers. Distributors should be geographi-
cally close to the markets they serve or have an economical logistics solution to
next-day delivery. For this reason, distributors are often arranged in networks to
cover larger geographical areas. In this chapter, you learn how to select a distribu-
tion organization to best fit the market segments and product demands of your
business.

Where in the World Has My Product Gone?

Today, the Supply Chain Construction Project Team was focused on brainstorm-
ing the changes that would have to be made to the Power Products Division
distribution center. The team realized how important it was for the division to
remain a supply chain trading partner; otherwise, there would be no direct revenue

209
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recognition for all their efforts. Since it looked like the division would not manu-
facture the uninterruptable power supply (UPS) product, being the distribution
center (DC) for North America was the next best thing.

“Let’s begin by looking at the Supply Chain Construction Blueprint and brain-
storming what needs to change,” said Bill, the Supply Chain Construction Team
project manager.

“First of all, 2,500 units per month and hopefully more is a large volume for
our facility,” said Tony from Finance. “We might have to expand the warehouse or
rent additional space. That will take some money for construction and some time
to secure the building permits.”

“At least there will be opportunity to expand the number of our employees
working in Order Processing and Shipping,” offered Donna, the buyer. “They will
also need training.”

“What delivery lead time are we quoting the value-added resellers (VARs)?”
asked Harry from Product Marketing. “Also, we will need to develop a database for
all the VAR contact information.”

“We might have to re-line the employee parking lot so that tractor trailers haul-
ing containers have room to access any of our docks and to turn around. We will
need our forklift to load and unload containers. We might want to get a second
employee trained and licensed on the forklift,” said Donna.

“This is a great list!” said Bill. “What else?”

“From an engineering perspective, 'm concerned that we might have to charge
the UPS bactteries before shipment. They have a discharge rate. If the UPS leaves
Astec fully charged, takes a month to arrive here, and sits in inventory another
couple of weeks or a month, then the customer will receive a discharged battery,”
said John.

“Does that mean the warranty clock starts a couple of months before a customer
purchase?” asked Harry.

“That’s a difficult question to answer,” said Tony. “Should we charge the batter-
ies here? How much are we paying Astec to charge the batteries?”

“Since this is a brainstorming session, it is not appropriate to answer these ques-
tions now. And, I do have all your questions captured on the list,” said Bill. “What
else?”

“How will we place orders with Astec? Does the international procurement
operation (IPO) get involved with ordering? If not, how does the IPO know when
we are expecting a shipment? Will Astec send us an advance shipping notice (ASN)?
Are we buying UPS product in US dollars or Malaysian ringgits? What about cur-
rency exchange rate fluctuation?” responded Donna in a burst of questions.

“Slow down! I'm writing as fast as I can,” said Bill.

“Likewise, on the customer side, how does a VAR place an order with us? What
level of credit does each VAR get? Will this increase accounts receivable beyond
what was estimated? How do we acknowledge a shipment? How do we provide the
VAR with UPS tracking information?” asked Harry.
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“And I have one,” said Bill. “How does product get to New York City from
Malaysia?”

The midbound logistics connection from the factory to the DC was com-
plicated. Astec would arrange motor freight for the 7-hour, 225-mile trip from
Kuantan to a freight forwarder at the Port of Jurong in Singapore. The forwarder
would complete the required documentation, load the container, arrange export
clearance, and get the container booked and loaded on a container ship bound
for Oakland, California. The 8,500-mile sailing would take 22 to 24 days. Once
the container was offloaded, cleared through Customs, and its duty charges liqui-
dated, another freight forwarder would arrange for the container to be driven 4.5
days over the remaining 2,900 miles across the United States to New York City.
This intermodal approach was cheaper and faster than going through the Panama
Canal to the Atlantic Ocean and up the East coast. The container would be
unloaded at the DC and the empty container picked up according to a schedule.
Otherwise, additional charges called demurrage would have to be paid to hold
the empty container beyond its scheduled pickup.

When Bill was in Kuantan, Grace from the IPO had mentioned that her col-
league, Wu Soo, the IPO logistics coordinator, worked closely with logistics experts
at Corporate. Bill decided to call and introduce himself to Susan Cooke, the corpo-
rate modal manager for ocean freight.

Bill got Susan on the phone. “Hello, Bill. Yes, I handle ocean freight contracts
for the corporation worldwide. Yes, I work with Wu Soo in Singapore all the time.”

“I'm new at this, and I need your advice in choosing a shipping line to move
product from Singapore to California then over-the-road to New York City, please.”
said Bill.

“OK. I can point you in the right direction. You don’t work directly with
a shipping line because your volume is tiny. Instead, you will work through a
global logistics company to do your documentation, freight forwarding, car-
rier coordination, and Customs clearance. Take a look at Kuehne + Nagel;
they provide competitive rates for our company,” said Susan. “Also, and this
is very important, please contact Jill Thomas in Corporate Customs. She can
assist you in getting your product properly classified for import duty and export
licensing.”

Over the next couple of months, Bill and the team made countless e-mails and
phone calls constructing new network connections for the Power Products Division
Distribution Center.

They were finally ready to do a pilot run to bring the first product into the
DC. The pilot run was too small to be transported by ocean freight, and besides,
it would take much too long. Instead, two pallet loads of products, 56 units in
total, would be flown from the factory to the DC to be received into inventory.
The units would have to packed and labeled in a specific way, as the airlines had
strict rules about transportation of batteries. As Kuehne + Nagel was arranging
their ocean freight, the flights were also arranged through Kuehne + Nagel, but
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with a different division. The pilot run inventory would undergo inspections for
packaging degradation by Receiving, product inspections by Quality, and rigor-
ous product performance testing by Engineering before Astec Production would
be authorized to start volume production.

Bill explained to the team, “Astec will have the pilot run units to Singapore
on the 12th. They are being flown from Singapore (SIN) through Los Angeles
(LAX) to New York City (JFK) on a freighter aircraft and should arrive on the
14th.”

“How will we know when they arrive?” asked Donna. “When we start getting
full container loads of products at our receiving dock, we had better be ready in the
warehouse to put away 40 pallets with 28 units per pallet, or 1,120 units!”

Bill replied, “First, the IPO will send an e-mail when the units leave Malaysia.
Singapore is 12 hours ahead of us; we should get plenty of warning. Second,
Kuehne + Nagel, our freight forwarder, will send an advance shipping notice (ASN)
with an estimated time of arrival.”

But when nothing had arrived by the afternoon of the 15th, Bill contacted
Kuehne + Nagel. “You say your freight is coming in through LAX from Singapore
(SIN)?” the forwarder asked. “That’s not what the air waybill says. It says your
freight went to Seoul, Korea (SEL), on Cathay Pacific Airlines, then to O’Hare
(ORD) in Chicago on Korean Airlines, and then it’s coming into Newark (EWR)
on United Airlines. It should be delivered tomorrow, the 16th, as long as there are
no issues clearing Customs.”

“Apparently, you are confused about ‘New York’ at Kennedy versus ‘New York’
at Newark,” replied Bill. “Are there cartage, i.e., trucking, arrangements to bring
the pallets from the correct area airport to the plane?”

“Oh yes. We have that covered,” said the forwarder, and he confirmed the
“deliver to” address.

Know the Nature of Market Demand

In each echelon of a supply chain network, at each interface between organi-
zations, the upstream organization is selling at a price, while the downstream
organization is buying at a landed cost. When the majority of one organization’s
selling and another organization’s buying stays within the network, the seller and
the buyer are trading partners. The in-network supply chain ultimately connects
downstream with the intended market segment. The out-of-network branches at
the echelon interfaces may connect with other market demands that are not part
of the supply chain network under construction. Trading partners depend on the
in-network throughput that the others provide to stay financially viable. Revenue
flowing out of network at any echelon does not contribute to network through-
put. Chapter 9: “Demand Planning” covers forecasting and revenue planning
techniques for the in-network throughput.
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Market Segmentation

The central idea of market segmentation is that every customer within a given
segment is thought to act in a homogeneous way. Each customer in the segment
accepts the same product pricing for the same product value. Each customer in the
segment prefers to order the same way, i.e., online, through a salesperson, by phone,
or in-person. Each customer in the segment prefers to take delivery the same way,
i.e., door-to-door delivery, overnight delivery, or customer pickup. Each customer
in the segment prefers to pay for purchases the same way, i.e., cash, check, credit/
debit card, Automated Clearing House electronic funds transfer, or electronic data
interchange (EDI). And each customer in the segment prefers warranty policy and
product return processing the same way.

The people in a market segment do not have to be in the same geography,
although they prefer their own local language, their own local time zone, and their
own local currency. Selling products worldwide adds real complexity to supply
chain construction. Local laws, local value-added taxes, duties, subtle differences
in infrastructure, cultural differences, language differences in product labeling
requirements, and vast differences in distance and time zones are just some of the
causes of this complexity. Some global companies manage this complexity by estab-
lishing separate regional distribution networks for North America, South America,
Europe, Japan, and Asia. Even within a region, it is sometimes beneficial to main-
tain country-focused distribution.

Consumer Goods Demand Patterns
versus Industrial Products Demand Patterns

Consumer goods and industrial goods have fundamental differences in the way prod-
uct value, product mix, and the calendar time to make the sale are approached. At
the extreme ends of the spectrum, contrast a consumer walking into a convenience
store and making an impulse buy versus a board of directors voting to approve a
million dollar capital equipment purchase that has been in the works for six months.
Demand for fast moving consumer goods (FMCG) drives high product volume that
is in stock, while full line industrial catalogs offer high product mix that is yet to be
built. Chapter 9: “Demand Planning” addresses how to adapt your supply chain to
the type of product contents flowing through your network container.
The following demand patterns are typical for consumer goods:

B FMCG—Daily replenishment of what was taken off the shelf.

B Seasonal apparel—Four to six complete fashion cycle per changeovers per year.

B Grocery—High mix with weekly, holiday, religious holiday, and school cal-
endar seasonality.

B High volume mass customization products—Every product, every configuration,
all the time.
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B Fast turn cell phone hardware—QOne-time build that covers the entire product
life cycle.

B Next-generation product introductions—Careful pricing and timing that
clears last generations product out of the delivery channel making way for
the next generation.

B Cell phone subscription service—Monthly reoccurring service fee for each handset.

The following demand patterns are typical for industrial products:

B One-time projects—DProject management against a fixed demand quantity.

B High-value, capitalized products—ILong lead time with board of directors approv-
ing the purchase.

B Highly customized products—Sufficient lead time to engineer-to-order.

B High-mix industrial products—Full catalog offering with products completed
through postponement.

B High-mix, high-volume products—Combines all the risks of high mix with high
volume.

B Appliance installation service—A one-time service call scheduled at the time
of purchase.

B Refurbished equipment for aftermarkets—Aftermarket demand limited by the
supply probability of core returns and probability of reusable parts.

Use Customer Preferences to Define Delivery Channels

How did you first hear about a product? Where did you go to learn about this prod-
uct? How did you decide if the product offers enough value to buy one? Where did
you shop for the product? Maybe you heard from a friend or business acquaintance;
maybe you used an Internet website or social media or a product catalog to learn
more; maybe you have a particular problem that this product seems to solve. What
is your preference? The next set of issues revolves around the question “where do
you go to get the product?” The product’s price, delivery, quality, and service sup-
port must each align with your expectations, or there will be no purchase. How did
you pay for your purchase? Again, what is your preference? The delivery channel
definition provides answers to all these questions.

Delivery Channel Descriptions

A delivery channel is the customer facing downstream portion of a supply chain
network that ultimately connects with the factory. Many supply chain networks
support several delivery channels simultaneously depending on how their prod-
uct is sold to the end customer (see Figure 7.1). The delivery channel processes
customer order information upstream, delivers product inventory downstream,
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Figure 7.1 Customer facing delivery channels.

processes customer payment information downstream, and delivers cash pay-
ments upstream.

The number of delivery channel echelons on the supply chain echelon map
depends upon the number of independent organizations that serially touch the
physical product delivery. Internet service providers hosting Internet store websites;
credit card processing service providers like VISA, Master Card, and American
Express; and outbound logistics service providers like UPS and FedEx do not add
echelons to a supply chain network. This is because the revenue generated by these
service providers, acting as extensions of the material, information, and cash flows

of the other trading partners, does not contribute directly to network throughput.
Here are some examples of different length delivery channels.

B Zero echelon—The factory and the DC are in the same building and part of
the same company. The factory’s finished goods pass through the DC to be
shipped directly to end customers anywhere in the world.

B One echelon—A VAR, a postponement center, or a regional factory distribu-
tor stands between the factory and the end customer.

B Two echelons—A wholesale distributor and a retail store stand between the
factory and the end customer. Customers come to the retail store to pick up
their product; there is no outbound logistics.

B Three echelons—A country trading company, a wholesale distributor, and a

retail store; or a factory-owned DC, a wholesale distributor, and a retail store
stand between the factory and the end customer.
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B Global coverage—High-volume, high-mix global coverage is achieved either
by a single factory feeding regional DCs within North America, South
America, Europe, Asia, and Japan or by separate and independent supply
chains with their own factories and distributors established within North
America, South America, Europe, Asia, and Japan.

Omni-channel retailing means that the customer is able to execute a purchase
and delivery across multiple channels. The customer might research the product
at a retail store, buy the product online, take delivery at a local warehouse, and
expect to be able to return the product to a service center. The order-to-delivery-
to-cash cycles have to complete across channels, not within the same channel. This
becomes a huge push-up for information technology (IT) to transparently share
and interconnect across channels.

There are also upstream supply delivery channels. Some raw material sup-
pliers operate wholly owned DCs. This puts an additional echelon between the
suppliers and its source of raw materials. Some parts suppliers operate wholly
owned DCs. Again, this puts an additional echelon between the factory and
its supplier. And some complex product industries, like automotive, organize
their supply base into a hierarchy of supplier echelons with the echelon closest
to the factory, called a tier 1 supplier. The tier 1 supplier acts as an assembler
and distributor of product components from the supply base one or more ech-
elons upstream. This is done to simplify planning and control at the factory on
products with thousands of parts.

Fewer Delivery Channel Echelons Drive
Lower Product Landed Cost

The distribution organization and geographical location selected to deliver the
product are critical to achieving reliable delivery lead time at a competitive prod-
uct landed cost. When a DC is located close to the market, delivery lead time is
excellent. Factory-to-DC midbound logistics costs and DC-to-customer outbound
logistics costs roll up into product landed cost. When the market spans broad geog-
raphies or multiple continents, there needs to be multiple DCs. Different product
configurations, options, and accessories add complexity. Next-day delivery from
remote DCs requires expensive airfreight and expedited small-parcel transporta-
tion. The order-to-delivery-to-cashyp,,,,.q cycle depends on order configurations,
delivery instructions, and invoicing information flowing seamlessly with the
customer.

The breadth and length of your delivery channel depend on several factors.
Delivery channel breadth means the sheer number of customer locations your sup-
ply chain network has to reach. Breadth encompasses both volume and geography.
As the geographical footprint spreads from a local market to a regional market to a
national market to a global market, you encounter complex tradeoffs between the
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expense of adding another echelon of distribution and the expense of next-day out-
bound logistics to maintain competitive delivery lead times. The length of a deliv-
ery channel is determined by the number of echelons between the end customer
and the factory (see Table 7.1).

B The decision to add a store echelon depends on your customers’ preference to
be able to shop seeing physical product samples and to walk away with their
merchandise versus shopping from a catalog or website and waiting for next
day or two-day home delivery.

B The decision on the number of middle echelons of distributors depends upon
the tradeoffs of increasing volume and product mix, increasing the pricing
for a less competitive end-customer landed cost, and increasing the network
inventory investment versus decreasing transit time for a more competitive
delivery lead time. Referring again to Table 7.1, as the delivery channel length
grows, the landed cost to the end customer increases. This is due to increasing
numbers of echelon markups and logistics connection costs. However, the
distance from the inventory to the customer is shorter.

B The decision to add a trading company echelon may be dictated by the coun-
try whose market you are trying to penetrate, for example, Japan.

How to Specify a Delivery Channel

Information flow, material flow, and cash flow connections for each delivery chan-
nel must be made through some number of echelons to connect the downstream
customer with the upstream factory. The demand side information flow includes
not only ordering and invoicing information but also some method for the cus-
tomer to learn of and shop for the product. Table 7.2 provides delivery channel
preference options for the ways the customer and the factory get connected with
the delivery channel.

Delivery channels are specified for construction by customer connection prefer-
ences, the number of echelons connecting the customer with the factory, and the
factory connections. Here are construction specifications for two typical delivery
channels:

B A commercial product sold through an Internet store with next-day delivery
— Customer preference from Table 7.1—CS6, CO7, CD1, CP5
— Network container—echelon 1: customer with surface address and Internet
access; echelon 2: distributor with FedEx outbound; echelon 3: factory
with motor freight midbound
— Factory connection from Table 7.1—FS5, FO8, FD1, FP10
B An industrial product sold through a factory representative with two-week
delivery
— Customer preference from Table 7.1—CS4, CO2, CD3, CP9
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Table 7.1 Longer Delivery Channels, Higher Customer Landed Costs
Echelon 2 Echelon 1
Factory + DC Customer

Customer $Landed Cost = Factory $Price + Outbound $Logistics

Echelon 3

Echelon 2

Echelon 1

Factory

Distributor

Customer

Customer $Landed Cost = Distributor $Price + Outbound $Logistics

Distributor $Price = (DC $Landed Cost + DC $Labor + DC $Overhead) x
(1 + %DC Markup)

DC $Landed Cost = Factory $Price + Midbound $Logistics

Echelon 4

Echelon 3

Echelon 2

Echelon 1

Factory

Wholesale

Retail

Customer

$Logistics

$Overhead) x (1 + %DC Markup)
DC $Landed Cost = Factory $Price + Midbound $Logistics

Customer $Landed Cost = Retail Store $Price + $0 for Customer Pickup
Retail Store $Price = Retail Store $Landed Cost x (1 + %Retail Store Markup)
Retail Store $Landed Cost = Wholesale Distributor $Price + Outbound

Wholesale Distributor $Price = (DC $Landed Cost + DC $Labor + DC

Echelon 5 Echelon 4 Echelon 3 Echelon 2 Echelon 1
Trading
Factory Company Distributor Store Customer

Customer $Landed Cost = Store $Price + $0 for Customer Pickup
Store $Price = Store $Landed Cost x (1 + %Store Markup)
Store $Landed Cost = Distributor $Price + Outbound $Logistics
Distributor $Price = (DC $Landed Cost + DC $Labor + DC $Overhead) x

(1 + %DC Markup)
DC $Landed Cost = Trading Company $Price + Midbound, $Logistics

Trading Company $Price = Trading Company $Landed Cost x (1 + %Trading
Company Markup)

Trading Company $Landed Cost = Factory $Price + Midbound, $Logistics
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Factory Side Shopping Options (Information Flow) Customer Side
FS1 Forecast CS1
FS2 For sale product CS2
FS3 Physical sample CS3
FS4 Data sheet Cs4
FS5 Catalog CS5
FS6 Website CSé
FS7 Rating service recommendation CS7
FS8 Word of mouth CS8
Factory Side Ordering Options (Information Flow) Customer Side
FO1 Order in person at the store’s cash CO1
register
FO2 Order in person through a salesperson CcO2
FO3 Order by phone CO3
FO4 Order by smart phone CO4
FO5 Order by e-mail purchase order CO5
FO6 Order by fax CO6
FO7 Order online through the website Cco7
shopping cart
FO8 Order by e-mail purchase order CO8
FO9 Order by electronic data interchange CO9
(EDI)
FO10 Order by kanban CO10
FO11 Customized order (checked through con
configurator software)
FO12 Change order CO12

(Continued)
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Table 7.2 (Continued) Delivery Channel Preference Options

Factory Side Delivery Options (Material Flow) Customer Side
FD1 Midbound/outbound logistics CD1
FD2 Customer pickup CD2
FD3 Postponement CD3
FD4 Product return CD4
Factory Side Payment Options (Information/Cash Flow) | Customer Side
FP1 Pay cash at cash register CP1
FP2 Partial payment at cash register with CP2
discount coupon
FP3 Pay debit card/credit card at cash register CP3
FP4 Pay procurement card at cash register CP4
FP5 Pay debit card/credit card on a website CP5
FP6 Pay with PayPal on a website CPé6
FP7 Partial payment on a website with CpP7
discount code
FP8 Pay procurement card on a website CP8
FP9 Mail Invoice Pay By Check CP9
FP10 Mail invoice pay by Automated Clearing CP10
House (ACH) wire transfer
FP11 Email invoice pay by check CP11
FP12 Email invoice pay by ACH wire transfer CP12
FP13 EDI invoice pay by EDI wire transfer CP13
FP14 Return Credit CP14

— Network container—echelon 1: industrial customer; echelon 2: dis-
tributor with UPS outbound; echelon 3: postponement center with
UPS outbound; echelon 4: factory with less-than-truckload (LTL)
outbound

— Factory connection from Table 7.1—FS4, FO8, FD3, FP12

At what point do you need to add a new delivery channel? If an additional pay-
ment option is being added, say adding payment by PayPal to payment by credit
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card, then you will not construct a new delivery channel. If you were adding an
echelon of distributors to reach both North America and the European Union, or
if the market segment demanded much lower cost with much faster delivery, then
you would define and construct a new delivery channel. Beware, too many unco-
ordinated delivery channels can foster channel conflict and artificially restrict your
growth in sales.

Understand What Makes a Good Distributor

As you shop around for a distributor to meet your supply chain needs, you will
come across many alternatives that may seem to fit. But just what makes an organi-
zation a distributor rather than a factory or a supplier or a service bureau or a recy-
cler? Consider the basic purpose and process flow that you need to distribute your
product, the types of information that are unique to distribution, and the internal
organizational structure needed to support distribution.

Basic Distribution Capabilities

The distributor that you choose should have each of the following capabilities. A
well-designed distributor flows inventory quickly and accurately through its ware-
house, paying attention to minimize the distance each item has to travel.

B Break bulk—The capability of segregating incoming freight to store as mul-
tiple stock-keeping unit (SKU) inventories.

B Cross-dock—The capability of moving pallets from receiving directly to ship-
ping without intermediate storage or reconfiguration of the pallet.

B Warehouse—The capability to store inventory in cartons and/or pallets in
racking and/or on the floor.

B Postpone—The capability of modifying product functionality before ship-
ment to match a customer order.

B Consolidate—The capability of combining multiple SKU inventories for a
single outbound shipment.

DC Process and Inventory Flow

Unlike manufacturing, a distributor does not provide transformational value-added
unless postponement is involved. Instead, a distributor provides value through con-
sistent, reliable fulfillment service within a specific market segment bounded by
a specific geography. Consistent, reliable fulfillment service comes from keeping
inventory turning on high-volume SKUs, from coordinating the delivery of mul-
tiple SKUs to the same customer location, and from storing the right level of safety
stock on high-mix SKUs.
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Inventory turns and moves may be at the item or SKU level, the carton level, the
pallet level, the drum level, or the container level. On the inbound side, pallets may
be broken down into cartons containing one item for inventory or mixed items.
Inventory may be stocked by item, by carton, by pallet, or by drum. When broken
down to the item level, its packaging materials such as plastic and cardboard must
be detrashed. Sometimes, the product is returned from a customer; its disposition
determines whether to repackage and restock the item or to scrap it. On the out-
bound side, items, cartons, and drums are picked, counted, packaged, and labeled
for shipment as a single SKU or mixed SKU freight. Entire pallet loads, called unit
loads, can be cross-docked without having ever been stored. Sometimes, freight has
to be inspected per the customer’s request before it can be released for shipment.

Inventory can be received as either a shipment from a domestic source or an
import from a foreign source, where the source is responsible for the import clas-
sification. The DC is responsible for import customs compliance and is usually
responsible for paying inbound freight. Inventory can be issued to either a domestic
shipment or an export shipment to a foreign customer. The DC is responsible for
export licensing and export customs compliance, while the DC’s customer is usu-
ally responsible for paying the outbound freight.

Figure 7.2, and the list following, highlight the many different processes found
within a DC. Whether you are selecting a distributor organization or setting up a
satellite warehouse, you should ensure that process documentation and employee
training exist and are followed for each of these processes.

B Receive new inventory—Inbound freight is unloaded from trucks, counted,
checked against purchase orders, and entered into the inventory management
system often using bar code or radio frequency identification (RF-ID) tag-
ging. The serial numbers of container seals are recorded when opened.

Trailers or
Yard Overflow | second warehouse
storage
Repair/reuse/recycle
4 v 3
Disposition | Export |
[ Return | returns control
Rack Inspect
Rack
Receive Put away o Pick f=»{Pack + label Ship |
R Detrash .
Domestic - Domestic
Quarantine (2K )
express Bulk storage express
LTL/LCL \ LTL/LCL
TL/CL TL/CL
import Floor space export

Figure 7.2 DC process and inventory flow.
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Trigger accounts payable payment—A three-way match among an item and
count confirmation of the inventory receipt, the purchase order, and the
seller’s invoice triggers payment for the inventory.

Break bulk—Cartons are unstacked from pallets. Individual boxes are
removed from cartons.

Detrash—Empty pallets are gathered up and stored. Cardboard is gathered
up and taken to a compactor. Plastic is gathered up and separated by type for
recycling. Paper is recycled.

Inbound inspection—Inventory designated for inspection is opened and
checked against its technical specification, then resealed. Careful records are
kept, as this is often done using a sampling plan.

Quarantine—Inventory found to have a quality problem is segmented and
held in quarantine until such a problem can be resolved with the seller.
Cross-dock—Inventory, once received, is moved directly to shipping without
being stocked.

Receive a return—Sometimes, the inbound freight is a return. It is checked
against a return material authorization and counted.

Disposition a return—The condition of the return is determined to be new
and unused, new and used, damaged and repairable, or scrap. The inventory
count is entered into the inventory management system, and the physical
items are processed according to their disposition.

Tamper-proof labeling—The removal of a tamper-proof label from an “unused”
return proves that the product is in fact “used.”

Rebox—Returned and reusable inventory may need to be reboxed before
resale as used product.

Relabel—Reboxed returns and new inventory received with damaged label-
ing are relabeled.

Location assignment—Inventory locations can be fixed or randomly assigned
by the inventory management system. Under fixed assignment, the same item
number is always stocked at the same location and any overflow goes into
a bulk storage location. Under random assignment, the item goes into the
next open location; sometimes, the same item number is split across several
locations.

Put away—Inventory is assigned a floor or a rack location. It is physically
moved to that location, and an inventory count of the item is incremented in
the inventory management system at the assigned location.

Cycle count—A specific inventory location is physically counted. The count is
compared with the inventory record. If the count is off, the inventory process-
ing is investigated to determine the defect.

Pick—The inventory management system generates a list of items, stock-
ing locations, and counts. The picker goes to each location in sequence and
gathers the quantity of inventory on the pick list. The entire picked inven-
tory is then moved to the packing area. Inventory counts at each location
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are decremented on the inventory management system, when the item is
picked.

— Zone picking—QOne employee is responsible for all the picking within a
group of stocking locations. This reduces the defect rate of wrong loca-
tions and wrong item numbers.

— Bartch picking—Multiple quantities of the same item are picked for mul-
tiple orders at the same time to minimize repeat visits to the same stock-
ing location. Batch picking makes direct labor more effective in smaller
warchouses.

— Wave picking—Uniform volumes of items are picked for multiple
orders and then collated at a later point in the process. Wave picking
balances the direct labor effort and distance traveled; it is usually only
found in larger warehouse operations having the necessary informa-
tion systems.

—  Pick-to-light—Warehouse racking is outfitted with a light system that
indicates the next location to be picked. The pick location is confirmed
by pushing a button, which causes the next pick location to light. Pick-
to-light requires a capital equipment investment.

- Pick-to-voice—Warehouse employees wear a headset and are directed to
the next item and location to be picked through a wireless connection
with a central computer, which translates instructions into the employee’s
native language. Voice picking systems support simultaneous languages
to fit the warehouse workforce at a reasonable cost.

B Stock rotation—Inventory is picked from the oldest location and from the
oldest date code. Cartons are physically rearranged to place the oldest inven-
tory next in line on the rack to be picked.

B Postpone—The picked inventory is a partially assembled product. Postponement
completes the product assembly, software loading, test, and/or labeling only
after a customer order is released.

B Pack and label—The picked inventory is boxed, put into master cartons, and/
or palletized according to the requirements on the customer order. Each box,
carton, master carton, and/or pallet is properly labeled and bar coded or
RF-ID tagged.

B Shrink wrap and label—Pallets are shrink wrapped in plastic to stabilize the
load and add some protection from the weather. Shipping labels are secured
and visible on the outside of the shrink wrap.

B Sort—Master cartons and palletized unit loads are sorted by their destination
zip codes and carrier.

B [nspect outbound—Sometimes, customers require the inventory to be inspected
before their shipment can be released. This happens with government orders
and with exports to certain foreign countries. The freight cannot be scheduled
for pickup until an inspector comes to the DC and signs.
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B Export control—The outbound shipment must have proper export documen-
tation, proper export licensing, and proper checks against the denied parties
list before the shipment can be released.

B Sea/—The door of a full container load or a full truck load is sealed with a
serialized, tamper-proof seal.

B Ship—Outbound freight is loaded onto a truck; however, the mode of trans-
portation may change a short distance later. An advance shipping notice
(ASN) is sent to the buyer. An invoice is sent to the buyer. The distributor’s
revenue is incremented.

B Trigger accounts receivable payment—A shipment triggers an invoice to the
buyer for a payment.

DC Physical Layout Considerations

DCs of all shapes and sizes share many physical aspects in common. Visit the ware-
house and ask to inspect the facilities and to walk their processes before commit-
ting to a relationship. Look for the following in your assessment of a distributor’s
physical layout (see Figure 7.3). Keep in mind that dry goods storage will be dif-
ferent from refrigerated storage, which will be different from hazardous materials
storage.

B Yard—The DC is sited on a property having a yard large enough for tractor-
trailers to turn around.

N | Cubik voluhe |

for racking stock

]
Floor space for
moving and stacking

Outbound
loading dock

Footprint

unloading dock

Figure 7.3 DC footprint and cubic volume.
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Yard security—The yard is secured with a fence, a camera, and either a gate or
a guard to prevent tampering or theft of overflow inventory kept in trailers or
theft from other vehicles in the yard.

Security cameras and motion detectors—The DC operates a security system
inside and outside.

Unloading/loading dock—DPreferably, there are multiple separate docks for
unloading and for loading.

Dock floodlights—Dock floodlights are secondary lighting used to illuminate
the inside of a trailer during unloading/loading.

Dock bumpers—These are heavy rubber cushions used to prevent backing
vehicles from damaging the loading dock.

Dock leveler—This device adjusts a ramp from the level of the truck bed to
the level of the warehouse floor, making forklift and pallet jack operations
safe.

Dock seals and strip curtains—Dock seals provide a seal with the sides and
top of the trailer during inclement weather. Strip curtains help to maintain a
controlled warehouse temperature.

Compactor—This device crushes and compacts cardboard into a smaller vol-
ume for recycling.

Rollers—Rollers facilitate the movement of cartons from dock areas to/from
staging areas. Rollers are beneficial when used properly but can cause prob-
lems when inventory is allowed to be stored indefinitely on the rollers.
High-speed sortation—DCs with multiple docks assign certain carriers to unload
and load at designated docks. High-speed sortation systems are motorized
rollers with sensor-activated switches that automatically accumulate cartons
onto a series of sidings that feed each dock.

Scales—Scales are used to weigh rather than count certain types of commodi-
ties and/or small parts.

Pallet jack—This is a hand-operated device used for moving loaded pallets
on a level floor.

Scanning guns—These are handheld laser devices that can read bar-coded
information at some distance. Some devices decrement the current pick from
inventory and receive the next picking location through a wireless connection
with a central computer.

Forklift truck—A motorized device for moving and lifting loaded pallets.
Narrow-aisle, high-reach forklifts—Some warehouses are built with especially
flat floors and a wire grid embedded in the cement. Narrow-aisle forklifts are
driven by the guided wire, allowing high speeds within very narrow aisles.
The perfectly flat floors allow the fork to safely reach their loads at extreme
heights without tipping.

Forklift battery charging station—TForklifts are powered either by storage bat-
teries or propane. Forklift batteries are typically charged overnight. Safety
around the charging station is a key concern.
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B Pallet wrap machine—This device spins a loaded pallet while shrink wrap is
applied for protection.

B [nventory storage space—Inventory storage space is organized differently for
high-volume, high-cube, and high-mix items as follows:

Picking face—These are the optimal stock locations for the most direct,
easiest access where the highest-volume SKUs are stored.

Floor space foot print—This is the square footage available inside the DC
for break bulk, staging, consolidation, packing, and the floor storage of
pallets.

Rack space cubic volume—This is the cubic volume available inside the
DC for carton and pallet storage. Racking determines the maximum pal-
let storage capacity of the DC. The height of the ceiling, the flacness
of the floor, the width of the aisles, and the building’s temperature and
humidity controls especially toward the top of the racks are all part of a
warehouse specification.

Bulk storage—Large quantities of an item are split between bulk storage
locations in the back or up high versus a small quantity of the same item
stored at the picking face in the front and down low.

Overflow storage—When the number of pallets to be stored exceeds the
warehouse capacity, there must be some provision for a temporary over-
flow. This could be empty, rented trailers in the parking lot or access to a
satellite warchouse a few miles away.

Inventory for recycling—This includes defective or spent inventory held for
environmentally responsible recycling.

W Storage organized for specialized inventory—Some warehouses must accom-
modate mixed types of inventory and have separate storage facilities for the
following:

Dry goods storage—This is a common type of warehouse with floor space
and racking.

Returns storage—This is inventory that has been returned awaiting dispo-
sition or refurbishment.

Refrigerated storage—Cold chain inventory requires specialized con-
trolled, refrigerated temperatures. This may be one freezer room or the
whole facility.

High-security storage—High-value inventory such as pharmaceuticals and
certain electronics and gold requires completely enclosed, protected,
monitored, and alarmed storage.

HAZMAT Storage— Corrosive chemicals, certain types of batteries, radio-
active material, etc., that are classified as hazardous materials (HAZMAT)
require specialized storage areas and handling procedures compliant with
their appropriate regulations.

B Lighting—DCs usually have very large footprints and very high ceilings.
Running proper lighting economically can be a challenge. One solution is
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high-intensity lights activated by motion sensors. Whenever a section of the
warehouse is not being accessed, it is kept dark.

B Sprinklers—Inventory insurance consideration drives the need for sprinklers
and a fire detection system installed throughout the warehouse.

B Physical security—Inventory insurance and customer requirements drive the
need for locks, gates, motion detectors, cameras, and other security monitor-
ing and alarm systems in the warchouse.

B Employee and visitor entrance security—Only employees and those autho-
rized to enter the building should be allowed access to the warehouse and its
inventory.

B Employee and driver facilities—Such facilities include lockers, a lunch room,
vending machines, and toilets to be used by both employees and truck driv-
ers. There should be physical security preventing nonemployee truck drivers
from access inside the warehouse.

B Office space—A small portion of the building will be dedicated to office space.
This office space should keep out the noise from warehouse operations and
protect employees from high-speed forklift maneuvering.

B Warehouse management system (WMS)—This is the information system used
to receive inventory, issue inventory, generate batch picks and/or wave picks,
and print shipping labels. Picking lists may take the form of paper, cards,
tags, or wirele