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Preface

It is generally accepted that Supply Chain Management (SCM) started
gathering steam in the early 1990s when a Kurt Solomon and Associates
study concluded that the demand-supply mismatches were costing the
US grocery industry $30 billion a year.! Up until then, SCM was consid-
ered to be an obscure back office activity, typically labeled as “warehous-
ing and distribution” or, a bit more gloriously, “logistics.” A ruthless
wake-up call, $30 billion represents a shocking number when one real-
izes that low-margin products such as toothpaste, broccoli, and flour are
at stake in this industry. On the one hand, keeping additional stock to
provide high levels of customer service is risky in this setting due to enor-
mous variety in products and their short shelf-life. On the other hand,
stock-outs, which are typically around 7% of sales for better managed
companies, lead to lost sales not only for the grocery store but ultimately
for the overall industry, including the retailer and the manufacturer,
should the customer abandon the purchase altogether. It was quickly dis-
covered that other industries were also facing similar challenges. Under
such difficult circumstances, many industries have undertaken revolu-
tionary initiatives in streamlining their go-to-market strategies. Over
the past decade, a flurry of research, development, and deployment has
transformed SCM into a mature discipline in its own right.

Within that period, numerous books and thousands of articles have
appeared on the topic, contributing to the rapid advancement of the
field. However, two gaps in the literature still persist. First, activities
within the realm of SCM are typically viewed as cost centers, whereby
cost minimization remains the key focus of most SCM streamlining
efforts. To compound the problem, the divide between the performance
metrics typically used in the trenches (such as inventory turns, order
fulfillment rates, and order turnaround times) and the financial indica-
tors typically monitored by the upper management and the investors
(such as economic profit, return on invested capital (ROIC), and return
on net assets (RONA)) remains wide. This book adopts a value-based
management (VBM) perspective, in which SCM’s key mission is value
creation and capture. SCM solutions are developed and deployed to
create value for everyone who comes into contact with a company’s
products and services. In this setting, “value” could be created by sim-
ply minimizing costs. On the other hand, there are situations in which

xi
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cost minimization simply destroys value for the stakeholders, neces-
sitating alternative strategies. VBM therefore enables the adoption of
a wider business perspective for SCM. Furthermore, such a perspective
also allows us to map operational performance metrics to the finan-
cial performance indicators in a straightforward fashion, enabling the
evaluation of whether or not the proposed supply chain solutions are
ultimately value enhancing or value destroying.

While necessary, value creation, however, is not sufficient for value
capture. There are many examples in which an innovative design
introduced by one company has been successfully commercialized by
another, leaving the original inventor with little profits. This, in turn,
brings us to the second gap in the literature based on the popular adage
that “competition is no longer between companies but between sup-
ply chains.” Implicit in this statement is the assumption that modern
supply chains operate as a single well-coordinated entity, like a bas-
ketball team, with a clearly defined command-and-control structures.
This might have been true in the early 20th century where many
industries exhibited full vertical integration. Today’s supply chains,
however, are ecosystems, with no clear governance—or command-and-
control structure, consisting of independent organizations. As these
“economically rational agents” interact with each other, there might
be serious misalignments within the ecosystem due to diverging local
priorities, which might hinder the performance of the overall supply
chain. In other words, having a star player in each position does not
necessarily guarantee victory as a team. The performance of the Dream
Team representing the United States at the 2006 World Basketball
Championships in Japan is a relevant benchmark for modern SCM. In
many industries ranging from personal computers to airlines, different
supply chain members display widely different profitability levels. This
book therefore adopts a decentralized view of the supply chain and puts
an emphasis on economic mechanisms to promote coordination and
collaboration within this ecosystem, so that the value created by the
supply chain is captured in an equitable fashion by all its members. In
other words, we would not only like our basketball team to win but also
make sure that all the players are recognized—and rewarded—for their
contribution to the team effort.

Finally, it is important to realize that the supply chain solution, which
achieves the desired targets in value creation and value capture, is neces-
sarily temporary. As products have expiration dates and as processes
become obsolete, supply chain solutions also have limited shelf lives.
Changes in competitive forces, in customer preferences, in technology,
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and even in legislature may render the existing supply chain solution
inadequate. One must therefore keep an eye on these key drivers and
not hesitate to go back to the drawing board when the existing supply
chain solution can no longer support the changing business strategy.
After all, supply chains deploy an organization’s go-to-market strategy.
As that strategy evolves, the supply chain solution must evolve with it.

Another novelty embodied in this book is the framework through
which the material is presented. This framework is summarized in
Figure P.1. The horizontal axis represents the scope of the book. It starts
with a vision: VBM, the challenge of providing value to anyone who
comes in contact with a company’s products and services. This vision is
operationalized through strategy formulation, which defines the com-
pany’s business model, its affinity for product and process innovation,
and its investment in developing and acquiring resources. The strategy
is then deployed through key processes that are at the heart of supply
chain management. These processes represent the concrete enablers
of VBM. The focus is then on deployment with an explicit discussion
of the technologies, structures, and skills required for the roll-out of
effective supply chain solutions. The adoption of such a broad scope
has a dual purpose. First, we wish to draw the attention of top decision-
makers to the strategic role of SCM in value creation and capture, and put
SCM on the CEO’s agenda. Conversely, we would like to broaden the

Vision Strategy Enablers
>
Ll
Context VBM Innovation Go to market
Resources Key processes
People Technology
Deployment
Performance
management
lllustration Better Product and Accelerate ideas
quality of process to market,
life innovation, closed loop
product distribution
Technicalities Multiple sourcing,
Cross-functional development
l Centralized planning and
scheduling

Figure P.1 Value-based SCM framework for Coloplast
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perspective of supply chain professionals by demonstrating explicitly
the contributions they make to the firm’s overall strategy through the
initiatives they undertake in designing, coordinating, and managing
supply chains.

The vertical axis represents the scale of the book. It starts with the
motivation by establishing the context of the problem to be addressed.
An illustration in the form of a mini case study is then provided to
render the discussion concrete. It is worth emphasizing that these
illustrations will not come from frequently cited (and often abused)
examples, but from companies such as ASML, Coloplast, CIBA Vision,
PSA, PPR, Firmenich, Nissan, Syngenta, and Mattel, all best-in-class exam-
ples deserving broader exposure. Finally, we not only present alternative
solutions to the problem at hand but also provide the technical details
through models that provide the basis of the proposed solution. Such
an approach guarantees both the relevance of the topics addressed in
this book and the rigor underlying the proposed supply chain solution.
The wide range of models we will use throughout this book is listed in
Figure P.2. While models are necessarily simplifications of reality that
allow us to focus on the key parameters of the decision at hand, they
have one big advantage: they enable clear articulation of all the assump-
tions made in building the model. The discussion should then focus on
the validation of those assumptions. Once this is done, models provide
us with an objective platform for conducting our analysis. We have,
however, paid particular attention so that the technical developments
throughout the text do not distract attention from the main discussion.

EOQ (Wilson) Batch sizing

Base stock policies Cost-service trade-off
Linear programming Supply chain configuration
Poisson process Failure events/rare events

Figure P.2 Modeling approaches used in the book
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Hence, the reader can enter into the technicalities only when he/she
feels necessary to do so.

Figure P.1 is an illustration from Coloplast, a Danish wound care
company, whose vision is to be the preferred source of medical devices
and associated services contributing to a better quality of life. Coloplast
operationalizes this vision through innovation both in products
(which provide improved functionality, hence higher comfort levels, to
patients) and in processes (which develops not only efficient manufac-
turing capabilities but also an agile supply chain for quick deliveries).
To this end, processes have been put in place to accelerate new product
development and market introduction as well as to have a balanced
product distribution on a global scale. All of these processes are based
on sound materials management principles.

Introduction in this book is meant to provide the reader with a sneak
preview of the topics that will be further developed in the book. It
describes the end-to-end supply chain design challenges in agri-business
with the aim of painting the big picture before drilling down into its
many fascinating facets.

Chapter 1 makes the case for supply chain management as an enabler
to deploy and execute an organization’s go-to-market strategy. It also
furnishes some of the working definitions.

Chapter 2 offers a concise definition of “value” from a financial per-
spective. Operational drivers of “value” are then determined with the
objective of identifying those SCM initiatives that contribute to the
value creation challenge of an organization. Chapter 3 then focuses on
value creation by emphasizing the product, process, and supply chain
design in a concurrent fashion. In particular, we emphasize the tem-
porary nature of competitive advantage and the resulting necessity of
continuously developing new supply chain solutions in the face of a
constantly evolving competitive landscape. Many value-creating initia-
tives, however, entail a cost-service trade-off. To assess the magnitude
of this trade-off, Chapter 4 introduces a materials management model.
This model can be deployed not only to guide the positioning of a com-
pany’s goods or services in the short run, but also to assess the impact
of investments in new product, process, and supply chain design in the
long run to mitigate the cost-service trade-off.

Chapter 5 focuses on value capture. In particular, it describes both
short-term and long-term initiatives to encourage collaboration in a
decentralized supply chain. SCM is an information-intensive discipline.
Chapter 6 therefore summarizes the impact of information and com-
munication technologies (ICTs) on SCM practices; it also highlights the
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enhancing role of emerging technologies in SCM. Just like products,
services are also conceived, produced, and delivered through supply
chains. There are nevertheless significant differences between product
and service supply chains. These differences are discussed in Chapter 7
along with guidelines of coordinating the two types of ecosystems.
Chapter 8 offers some concluding comments.

A television advertisement for UPS at the height of the dot-com boom
clearly showed the importance of effective supply chain strategies. The
advertisement starts with a group of young entrepreneurs sitting in front
of a computer terminal and counting down for the launch of their new
web-based business. Once they go live, they start waiting for customer
orders. The first customer order, signaled with a “bing” on their com-
puter, is greeted with a wild cheer by all the entrepreneurs. The cheers
grow wilder as the second, the fifth, the tenth, and the fiftieth order
trickles in. However, as the trickling soon turns into a shower of orders,
which cross the threshold of the thousandth customer order, their cheer
quickly turns into deep anxiety: how are they going to deliver all these
orders? This book therefore adopts the perspective that SCM should be
viewed as the effective deployment of value-based business strategies.

Changes in the second edition

Supply chain management is a dynamic field where we are faced with
new challenges and opportunities every day. The additions to the sec-
ond edition reflect some of the key developments that have taken place
since 2007. In particular, I start the book with an end-to-end supply
chain design scenario that provides the reader with an overview of
the challenges that will be addressed in detail later in the book. I have
updated our statistics. I also have a crisper discussion on the opera-
tional drivers of value, one of the key pillars of our discussion. I have
incorporated new topics such as risk management, contracting in the
early stages of a product’s life cycle, and corporate social responsibility.
I offer many new illustrations and examples that have been generated
through repeated interactions with numerous supply chain profession-
als. I would like to thank them for making me part of their supply chain
journey. Let me conclude by thanking Ms. Liz Barlow, who rekindled
this project.



Introduction: End-to-End Supply
Chain Design

Before we dive into the detailed discussions of the key themes of the
book, I provide below a complete end-to-end overview of the challenges
associated with supply chain design and management with a concrete
illustration from agri-business. We can then keep this big picture in
mind as we analyze the different dimensions of SCM.

Nowhere is the need for effective supply chain design and manage-
ment more crucial than in agriculture, to ensure efficient service to the
consumer in the presence of shrinking resources. Even though food
production has significantly grown over the past 50 years due to wider
adoption of technology, 870 million people still suffer from hunger;
even more are malnourished. With the global population projected to
reach 9 billion by 2050, the United Nations estimates that the world
will need 30% more fresh water, 50% more energy, and 70% more food.
Only about 3% of the Earth’s water is fresh. While 70% of fresh water
is consumed by agriculture, less than a third of the available quantity is
economically accessible for human use in an environmentally responsi-
ble way. Yet, water use has tripled over the past 50 years. Use of water to
support agriculture is expected to grow further by around 11% globally.

Similarly, only 12% of the 13 billion hectares of total land is under
farming. In the last 50 years, there has been a gradual expansion in agri-
cultural areas; luckily, yield has increased at a much faster pace as farmers
have adopted more technology. For example, in the 1980s, one hectare
of arable land produced 2.3 tons of grain annually; today, it produces
3.4 tons.

Population growth coupled with greater economic prosperity in emerg-
ing markets will continue driving future demand for food and feed pro-
duction. Since 1980, demand for field crops has increased almost 90%,
from 1.2 billion to almost 2.3 billion tons, with the increased demand

1
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for food and feed being the key driver. In addition, biofuels have increas-
ingly played a role to meet our energy needs in ways that mitigate the
growing problem of greenhouse emissions. Demand for grain is expected
to increase approximately by 30% by 2025, representing an additional
600 million tons.

Agriculture must meet the rising demand for food, feed, and fuel
while protecting the planet’s natural resources. In 2020, one hectare
will be required to feed more than five people compared to 1960 when
it only had to feed two people. Farmers will need to produce around
1.4% more grain every year, representing an increase of 70% by 2050.!

I.1 From farm to fork

There are eight major crops grown globally: corn, cereals, soybean, vege-
tables, rice, diverse field crops, sugar cane, and specialty crops, which
represent the majority of global food production and planted area
worldwide. Figure 1.1 reflects the resulting global market for seeds.
Currently, we consume 2.3 billion tons of grain per year for food, feed,
and fuel with four crops—corn and soybean (primarily for feed), and
wheat and rice (primarily for food). Most grain is locally produced
and consumed. Only a few countries, such as the United States, Brazil,
and Argentina, have sufficient industrial-scale grain production to
contribute significantly to global trade.

Around 22% of wheat and 38% of soybean are traded globally. Only
12% of corn, 8% of rice, 5% of sunflower, and less than 3% of vegetables
are traded globally, with the rest being consumed locally. In sugar cane,
the level of export of raw cane is minimal, but the exports of processed
sugar account for 33% of total production. In an alarming concentra-
tion of market power, the top 10 agri-business companies control 67%
of the global proprietary (hybrid) seed market.

Let us focus on corn. SCM starts with the customer—in this case,
the farmer. It is therefore necessary to first understand the key buying
factors driving the farmer’s purchasing behavior. Some of the reasons
why a farmer would be willing to buy corn seeds from Monsanto,
Bayer, or Pioneer include production and yield characteristics, biologi-
cal attributes such as disease or drought resistance, quality such as the
size, shape, freshness, and integrity of the seed, availability or speed of
delivery since the planting season has a short and uncertain window,
and, naturally, price.

SCM must then focus on designing a high-performance network to
create value by delivering on the farmer’s key buying factors in the most
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4 Competitive Supply Chains

efficient fashion. Matching supply with demand is particularly challeng-
ing in seeds for various reasons. First and foremost, production lead
times are long. In the northern hemisphere, the lead time for corn seed
can be as long as 16 months! Second, the demand is not only uncertain
but also highly seasonal. It is correlated across years. To make matters
worse, the production lead times are significantly longer than the sales
window, the planting season. Third, production yields are also highly
uncertain. For instance, following the excruciating drought that struck
the Midwestern region of the United States cutting the corn crop by
30% in 2012, the same region experienced 120% yield for two years
in a row in 2013 and 2014. (Also note that when there is a shortage of
corn, the price of corn goes up in the commodity markets, making it
more attractive for the farmer, hence driving the demand up for corn
seeds. On the other hand, a surplus in the market drives the corn prices
down, making it unattractive for the farmer; the demand for corn seeds
decreases immediately. This is another reason why matching supply
with demand is virtually impossible.) Mid-season production is not an
option in many regions. Nor is transshipping seeds from one hemi-
sphere to the other economically viable. Finally, there is huge product
proliferation as companies introduce 15 to 30 new varieties every year.

To guide the supply chain design process, the supply chain manager
must also assess the cost of supply-demand mismatch. Overproduction
leads to holding costs, including physical costs of storage and repack-
aging as well as the opportunity cost of capital due to increased levels
of inventory. Ultimately, as the germination rates of the corn seeds
deteriorate across the years, write-offs lead to obsolescence costs.
Underproduction is not pretty either, leading immediately to lost sales.
What is even more difficult to assess is the loss of goodwill: will the
farmer who defected to the competition due to a stockout return the
following year? Did the firm lose his entire business, that is, did it lose
sales not only of seeds but also of chemicals for crop protection, ferti-
lizer, and support services? Figure 1.2 shows the inventory burden of
Syngenta as well as the cost of write-offs for obsolete inventory over the
past decade. To effectively manage such risks, a firm must have three
key capabilities: innovation through research and development (R&D),
effective field production, and efficient SCM.

I.1.1 Research and development (R&D)

It is quite common for agri-business companies to invest around 10%
of their revenues in R&D in an effort to discover new hybrid seeds with
superior biological properties such as enhanced resistance to disease
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Figure 1.2 Demand-supply mismatch costs

and higher yields. This discovery process is a highly complex combina-
torial challenge relying on cross-pollinating different varieties seeking
specific traits. Cross-pollination occurs when the pollen from one plant
lands on the silks of another plant. Given the combinatorial nature of
the process, it is natural for these organizations to maintain “libraries”
of hundreds of thousands of potential hybrids, leading to millions of
promising combinations. Extensive field testing over a 10-year horizon
will then uncover tens of hybrids with the desired traits that can be reli-
ably produced in different geographies. These are the varieties that are
ultimately launched into the market. This long, expensive, and rigorous
process is summarized in Figure 1.3.

I.1.2 Field production

Field production is not for the faint-hearted. As reflected in Figure 1.4,
the process starts in December with sales planning whereby demand
for corn seed must be forecast 16 months out! Such long-term sales
projections are unfortunately notoriously unreliable. A forecast accu-
racy of 60% is considered phenomenal! Once the Sales and Operations
Planning (S&OP) process converges to a given number, the next challenge
is sourcing. None of the seed companies own any significant amount of
land for growing (“multiplying”) seeds; the limited land holdings are
typically used for R&D purposes or for growing parent seeds. As a con-
sequence, the seed company needs to identify and contract “capable
farmers” who would be willing to grow corn on its behalf. A capable
farmer is one with rich land and the willingness to adopt the seed
company’s ways of working. Unfortunately, capable farmers are like
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franchise basketball players who can play in any team. In other words,
while such farmers are extremely strategic for the seed company, none
of them would be willing to enter into a long-term contract with the
company. The real challenge is therefore to enlist a sufficient number of
the capable farmers by March to ensure adequate supply.

Once the capable farmers are contracted, a complex planning process
is launched to assign varieties to fields, harvested corn to seed-processing
sites, and final products to channels. As illustrated in Figure 1.5, this is
another combinatorial problem. In a typical season, the combination
of 33 varieties, 22 fields, 20 processing sites, and 16 channels lead to
some 232,320 possible production, processing, and distribution plans.
The good news is that optimization approaches are readily accessible to
generate good, if not optimal, production and distribution plans.

In April, once a good plan is constructed, agronomists take over.
Parent seeds are shipped in April; they are planted in carefully con-
trolled patterns; plant growth is carefully monitored. This is also an
extremely labor-intensive process as corn stalks need to be detassled—
typically manually—several weeks into the growing period to ensure
genetic purity of the hybrid seed variety. Then Mother Nature takes



8 Competitive Supply Chains

over with sufficient rain and plenty of sunshine to grow the corn until
September when harvesting starts.

1.1.3 Supply chain management

Harvesting typically starts in September. Ears of corn, which contain a
certain level of humidity to ensure freshness, are transported to the pro-
cessing facilities. As illustrated in Figure 1.6, yellow corn seeds of vari-
ous sizes are obtained through husking, drying, shelling, and cleaning.
A single seed variety can generate up to 30 different end products or
stock keeping units (SKUs) as seeds may be treated with five different
crop protection chemicals and packed into six different formats.

As the incoming harvest is being processed, sales forecasts trickle in.
Early sales projections (typically in September or October) are highly
unreliable. Sales projections are usually updated on a monthly basis. As
the growing season approaches, these projections turn into (almost) firm
commitments for specific SKUs (variety—treatment-pack combination).
Evolution of the forecast volatility ahead of the shipments is shown in
Figure 1.7. While it may be possible to forecast the demand for a specific
variety, forecast accuracy deteriorates dramatically at the SKU level.
Shipments to the channel peak in February ahead of the planting season.

Seeds processing
1

Clean Size
k - ! E : ) !ﬁ: i
s Pellet &
. Sort 1 Sort 2 Priming Coat Treat Pack Store
J 1 )
l_|_'_l Y l_'_l
Seeds processing (cont.) Seeds enhancement Pack, store, ship

Figure 1.6 Seed processing
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Figure 1.7 Forecast volatility

The channel returns bags of unsold seeds in July. The returned seeds
are tested for quality (e.g., germination rates). If the desired qualities
have been preserved, the seeds are put in inventory for sale the fol-
lowing year. Transshipping corn seeds to the southern hemisphere is
possible but extremely costly. As a result, such shipments occur under
extraordinary circumstances such as severe shortage in a given market.
It should therefore come as no surprise that only 12% of corn is traded
globally. The seeds that fail the germination tests are destroyed in an
environmentally responsible fashion as treated seeds are considered as
chemical products.

With long production lead times, a short selling season, and wide
product variety leading to highly unreliable forecasts, matching supply
with demand is a herculean challenge. Even though big data and
advanced analytics may improve forecasting, operational initiatives
such as postponement or delayed customization are necessary for
mitigating the demand-supply mismatch risk.



10 Competitive Supply Chains

I.  Estimating demand—Ilong-term forecasting

Il.  Reserving supply capacity: selecting capable growers—newsvendor with supply uncertainty
Ill. Allocating “production”— optimization

IV. Scheduling processing and distribution—optimization

V. Stress testing the plan—sensitivity analysis

Figure 1.8 Summary of key planning steps

Every year seed companies go through the planning steps that are
summarized in Figure 1.8 for every crop they have in their portfolio. In
the remainder of the book, we will have a deep dive into these steps that
constitute the backbone of supply chain design and management along
with a discussion of the modeling and analysis tools that are found to
be useful in taming the challenge of delighting the customer while mas-
tering the cost to serve and a wealth of examples from other industries.
These are the key enablers of value creation and value capture.



1

Working Definitions

1.1 Motivation

For nearly three centuries, manufacturing industries have been driving
economic growth and rising living standards across the globe. As illus-
trated in Figures 1.1 and 1.2, building a successful manufacturing sector
is a prerequisite in national development as manufacturing makes
significant contributions not only to individual countries by raising
incomes and enabling the construction of modern infrastructure and
housing, but also to the world economy by driving global trade, research
and development (R&D), and productivity. According to a recent study
by the McKinsey Global Institute,! manufacturing generates 70% of
exports and up to 90% of business spending in R&D. Manufacturing,
however, is not monolithic as there are fundamental differences across
industries. McKinsey segments manufacturing into five broad buckets
based on their sources of competitive advantage and their requirements:
the segment of global innovation for local markets, which includes chemi-
cals, pharmaceuticals, transport equipment, machinery and appliances,
accounts for 34% of the global manufacturing value added in 2010.
Regional processing industries, which include food processing, rubber
and plastics, fabricated metal products, and printing and publishing,
contribute 28% of value added. Energy and resource-intensive commodi-
ties, making up 22% of value added, include wood products, paper and
pulp, basic metals, and mineral-based products. Global technology indus-
tries such as computers and office machinery, semiconductors, medical,
precision and optical devices depend on global R&D and production
networks to contribute 9% to the global manufacturing value added.
Finally, labor intensive tradables such as textile, apparel, furniture, and
toys make up 7% of value added. The evolution of these manufacturing

11
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Figure 1.1 Manufacturing as the locomotive of growth

Source: “Manufacturing the future: The next era of global growth and innovation,” November
2012, McKinsey Global Institute, www.mckinsey.com/mgi. Copyright (c) McKinsey &
Company. All rights reserved. Reprinted by permission.

segments has resulted in some specialization across different types of
economies, creating different centers of gravity (see Figures 1.3 and 1.4)
and reshaping the material flows (see Figure 1.5) around the globe.

Supply chain management (SCM) therefore plays a significant role
in maintaining this value-creating globa