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Sustainability and the
Supply Chain

LEARNING OBJECTIVES

After reading this chapter, you will be able to

1. Understand the importance of 3. Describe key dimensions of sustainability
sustainability in a supply chain. for a supply chain.

2. Discuss the challenge to sustainability 4. Understand the role of incentives for
posed by the tragedy of the commons. successful sustainability efforts.

ustainability has become a key priority in the design and operation of supply chains in the

twenty-first century. A focus on sustainability allows a supply chain to better serve more

environmentally conscious customers while often improving supply chain performance.
In this chapter, we explore the importance of sustainability, some challenges to designing and
operating more sustainable supply chains, and the role of different supply chain drivers in
improving sustainability.

17.1 THE ROLE OF SUSTAINABILITY IN A SUPPLY CHAIN

This book has focused on designing and operating supply chains with a goal of growing the sup-
ply chain surplus. Each supply chain, however, is only a small part of the world in which it
resides. Ultimately, the health and survival of every supply chain and every individual depend on
the health of the surrounding world. It is thus important to expand the goal of a supply chain
beyond the interests of its participants (which the supply chain surplus represents) to others that
may be affected by supply chain decisions. It is in this context that the twenty-first century has
seen a growing focus on sustainability. The Brundtland Commission of the United Nations
defined sustainable development as “development that meets the needs of the present without
compromising the ability of future generations to meet their own needs.” The 2005 World Sum-
mit of the United Nations introduced a framework identifying economic, environmental, and
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social sustainability as the “three pillars” of sustainable development. All three pillars must be
reconciled for sustainability to occur.

The focus on sustainability has increased as the economies in large countries such as Bra-
zil, China, and India have grown. On the one hand, the growth of emerging markets is improving
global living standards in a way that perhaps has not happened before in human history. On the
other hand, this growth puts pressure on resources and the environment in a way that has also
never happened. It has become increasingly clear that if supply chains do not become more sus-
tainable than they have been in the past, the world’s resources and environment will not be able
to maintain this level of growth.

The factors driving an increased focus on supply chain sustainability can be divided into
three distinct categories:

1. Reducing risk and improving the financial performance of the supply chain
2. Community pressures and government mandates
3. Attracting customers that value sustainability

Even though there has been a great deal of talk about all three categories, most concrete
action has been observed in reducing risk for the supply chain and improving financial perfor-
mance. The early part of the twenty-first century has seen an increase in community pressure and
government mandates in some parts of the world. Much less success has been driven by cus-
tomer demand or a firm desire to make the world more sustainable. It is interesting to note that
significant opportunity exists even if supply chains focus only on reducing risk and improving
financial performance. A McKinsey report (Creyts et al., 2007) focusing on greenhouse gas
emissions reported, “Almost 40 percent of [greenhouse gas] abatement could be achieved at
negative marginal costs, meaning that investing in these options would generate positive eco-
nomic returns over their lifecycle.” Despite the existence of financially viable opportunities to
increase sustainability, activity has been slow because many of these actions require upfront
investment that pays off in the long term. An example is the investment in light-emitting diode
(LED) lighting by Walmart. Even though it has required upfront investment, installing LED
lights has significantly reduced energy consumption at Walmart stores. Despite the long-term
payoft, though, few other firms have followed Walmart because of the large upfront investment.

Although much still needs to be done, many companies have reported success in improv-
ing sustainability. Unilever, the Dutch—British consumer goods giant, has invested significant
effort to help emerging economies such as Brazil and India wrestle with poverty, water scarcity,
and climate change. In Brazil, the company helped tomato growers convert to drip irrigation to
save water. The company sees almost half of its sales and the majority of its growth coming from
emerging economies. It buys roughly “10 percent of the world’s crops of tea and 30 percent of all
spinach.”1 A focus on sustainability helps Unilever improve the environment and economic
health of markets where it is likely to see most of its future growth, while simultaneously ensur-
ing supply of products it needs to feed this growth.

Walmart started its focus on sustainability as a defensive move, given the criticism it was
receiving from environmental activists. The company, however, has seen many benefits to its
bottom line. Switching to more efficient light bulbs at its stores and adding skylights for natural
light have helped significantly reduce its energy costs. Reducing packaging has helped reduce
material costs and transportation costs. Another example is the redesign of the one-gallon milk
jug by Walmart and Costco to use less material and increase packing density during transporta-
tion. Even though it took the public some time to accept the new design, the effort saved “10 to
20 cents a gallon compared to old jugs.”2

Starbucks is another example of a company that has focused on sustainability for signifi-
cant business reasons. In the late 1990s, the company realized that its growth plans could not be

l“Beyond the Green Corporation,” Business Week, January 29, 2007.
2“Soluti0n, or Mess? A Milk Jug for a Green Earth,” New York Times, June 30, 2008.
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sustained without helping coffee growers increase their production in a sustainable manner. The
company thus started its coffee and farmer equity (C.A.F.E.) practices, which evaluate the sus-
tainable production of coffee along four dimensions: product quality, economic accountability,
social responsibility, and environmental leadership. According to the company, “the first two
categories are prerequisites to participation in the program and ensure basic coffee quality and
financial transparency, equity, and the viability of the coffee supply chain.” Social responsibility
measures the extent to which the working conditions are safe and humane. Environmental lead-
ership measures the actions that suppliers are taking to “manage waste, protect water quality,
conserve water and energy, preserve biodiversity and reduce agrochemical use.” Applicants are
given “preferred supplier” status based on the score they achieve across the four categories. Pre-
ferred suppliers get a pricing premium of $0.05 per pound along with favorable contract terms.
The company claims that it sourced 95 percent of its coffee in 2013 from sources that were
“third-party verified or certified through C.A.F.E. practices, Fairtrade or another externally
audited system.” Besides helping attract customers who care about sustainability, these efforts
have helped Starbucks reduce supply risk and ensure an ongoing supply of high-quality coffee,
the most critical input for its business.

Sustainability has presented more of a challenge when it requires efforts that do not pro-
vide obvious return on investment for a company. In fact, customers themselves have not always
backed up their words about the importance of sustainability with a willingness to pay more for
sustainable products or make more of an effort to support sustainability. As an example, Star-
bucks has been able to increase the percentage of beverages served in customer-owned tumblers
from 1.4 percent in 2009 only to 1.8 percent in 2013. Of all the dimensions the company reported
in its 2013 Global Responsibility Report, this was the dimension that saw the smallest improve-
ment. In a survey, business leaders identified insufficient return on investment, customers’
unwillingness to pay a premium for green products, and difficulty evaluating sustainability
across a product life cycle as the major barriers to an increased focus on sustainability.3 When
the business rationale for an increased focus on sustainability is not clearly defined for individual
firms, maintaining the focus needed for building more sustainable supply chains is much harder.
As we discuss in the next section, one of the biggest challenges to building sustainable supply
chains is that in the short to medium term, an improved focus on sustainability provides benefits
that are shared but costs that may be local to a firm or individual, whereas the current status quo
provides benefits that are local to firms or individuals but a cost that is global.

17.2 THE TRAGEDY OF THE COMMONS

In an influential article, Hardin (1968) described the tragedy of the commons as a dilemma aris-
ing when the common good does not align perfectly with the good of individual entities. It is
useful to study his example in somewhat greater detail. Consider a pasture that is open to all
herders with cattle. Each herder attempts to maximize his gain from this public asset. When one
herder’s cattle feed in the pasture, that herder gains from their growth and all the gains accrue
only to him. Any cost of overgrazing, however, is spread over all herders whose cattle feed at the
pasture. Thus, overgrazing by the cattle of any herder provides a positive utility of +1 for that
herder but a negative utility of only a fraction of —1 for the herder because the negative utility of
—1 is spread over all herders. Thus, each rational herder continues to increase his herd because
the positive utility to that herder of adding another animal exceeds the negative utility that he
experiences from overgrazing. As Hardin writes, “Therein is the tragedy. Each man is locked into
a system that compels him to increase his herd without limit—in a world that is limited. Ruin is
the destination toward which all men rush, each pursuing his own best interest in a society that
believes in the freedom of the commons. Freedom in a commons brings ruin to all.”

3Gibbs & Soell survey, accessed May 1, 2011, www.cnbc.com/id/42432191/
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Hardin then describes how the issue of environmental pollution is essentially the tragedy
of the commons. Every individual and every company releases waste and pollution into the envi-
ronment in the form of sewage, chemicals, and carbon dioxide. The individual or the company
would incur the entire cost of reducing the amount of waste it discards, whereas the cost of
throwing waste into the environment is shared by the entire world. The common environment
available to all at no cost makes it difficult to get every company to invest in waste reduction
efforts, even though this waste hurts everybody.

This issue also appears at the country level. The Intergovernmental Panel on Climate
Change, a United Nations body that has been assessing global warming since 1990, has written
that even though most of the buildup of carbon dioxide in the atmosphere has come from the
United States and Western Europe, poorer countries closer to the equator are likely to pay the
biggest price. The risk of drought, disrupted water supplies, and the swelling of oceans from
melting ice sheets as a result of global warming will be experienced mostly in Africa and the
“crowded river deltas in southern Asia and Egypt, along with small island nations.** In such an
environment, getting any agreement on action is difficult because the optimal joint action is not
individually optimal, whether at the company or country level. No wonder that it has been almost
impossible to negotiate a climate change agreement that every country is willing to adhere to!
Other examples of the tragedy of the commons come from the overuse of natural resources such
as fish, water, and forests. Overfishing of sturgeon in Russia and the destruction of salmon runs
in rivers that have been dammed are well documented.

Every company and supply chain faces the challenge of the tragedy of the commons as it
operates in a global environment. They must compete against others that may be extracting bene-
fits from the environmental or resource commons without spending to maintain these commons.
They must compete in a market in which customers often value low cost and are not willing to pay
the price of a more sustainable solution, in the form of either a higher price or reduced consump-
tion. Unless all consumers suddenly change their mindsets, it is difficult to imagine a sustainable
solution emerging without some intervention. Whereas everyone agrees about the need for inter-
vention, there is considerable disagreement on the required form of intervention.

What Are Some Solutions to This “Tragedy”?

In his article, Hardin focused on the problem arising from the fact that the commons are “free” to all.
As he put it, no solution could be found without taking away some of the freedom that participants
enjoyed in the commons. Regarding the national parks in the United States, he wrote, “We might sell
them off as private property. We might keep them as public property, but allocate the right to enter
them. The allocation might be on the basis of wealth, by the use of an auction system. It might be on
the basis of merit, as defined by some agreed upon standards. It might be by lottery. Or it might be
on a first-come, first-served basis, administered to long queues. These, I think, are all objectionable.
But we must choose—or acquiesce in the destruction of the commons that we call our National
Parks.” Rather than focus on Hardin’s many ideas, it is important to understand his point—the need
for us to choose from options that are unlikely to be supported by all of their own free will.

In the article, Hardin introduces the idea of “mutual coercion,” whereby social arrange-
ments or mechanisms coerce all participants to behave in a way that helps the common good.
Given that participants will not tend to the commons of their own free will, mutual coercion
mechanisms that apply to all participants can encourage the appropriate behavior. Mutual coer-
cion can be attempted through a command-and-control approach or market mechanisms. We
introduce these approaches in this section but discuss them in greater detail in Section 17.6. As
with Hardin’s suggestions for the national parks, both command-and-control and market mecha-
nisms have some aspects that are “objectionable.” Despite the absence of a perfect solution, it is
important to make a choice. Otherwise the environmental commons will continue to degrade.

4Andrew C. Revkin, “Poor Nations to Bear Brunt as World Warms.” New York Times, April 1, 2007.
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In a command-and-control approach, the government or regulators set standards that
everybody must adhere to. An example is carbon monoxide emission standards set by the United
States for new automobiles. Another example is the Waste Electrical and Electronic Equipment
(WEEE) Directive from the European Union that is geared at proper recycling and landfill avoid-
ance in the electrical and electronics industry. A third example is the use of higher fuel efficiency
standards for the automobile industry. These standards increase the required fuel efficiency from
about 29 miles per gallon in 2012 to 54.5 miles per gallon in 2025. The challenge with com-
mand-and-control approaches is that they tend to be inflexible and are not always cost effective.
An example is the Environmental Protection Agency proposal to require carbon capture tech-
nologies at new coal-fired power plants. Besides increasing overall electricity costs, there is fear
that this proposal is unlikely to be effective because of the high cost of carbon capture technol-
ogy. The high cost of the mandate may push power plant operators away from coal-fired plants,
which may slow down research in carbon capture and hurt future improvements in the area.
Rather than improve performance in carbon capture, such a mandate may slow down future inno-
vation in this space.

We give a couple of examples of market mechanisms that have been debated (but not yet
implemented nationally in the United States as of October 2014) in the context of greenhouse
gases, a problem that is only getting worse as supply chains become more global. Currently,
there is no “charge” for emitting greenhouse gases and no explicit limits that are strictly enforced.
The commons here is the environment, and the lack of any “mutual coercion” leads to excessive
emission of greenhouse gases into the atmosphere. The hope is to set mechanisms in place that
can sustainably address the problem.

One mechanism, referred to as cap-and-trade, constrains the aggregate emissions by creat-
ing a limited number of tradable emission allowances that emission sources must secure and
surrender in proportion to their emissions. Any failure to surrender the appropriate number of
allowances leads to a significant fine. The mechanism starts with the government creating a lim-
ited number of total allowances that are distributed among all players in the economy. If players
generate fewer emissions than the allowances they own, they can sell their surplus allowances to
others that may be polluting above their limit and need additional allowances. The “price” of
allowances in this mechanism is created by the supply and demand for allowances. Such a mech-
anism offers companies an incentive to reduce their emissions because they get a financial reward
for this improvement by selling their additional allowances to those that cannot (or are unable to)
reduce their emissions. The hope with this mechanism is that firms will choose the least expen-
sive way to comply with the emissions limit by either implementing emissions reduction plans or
buying allowances on the open market. This mechanism has been implemented by several
regions, including the European Union (EU) and the state of California. The experience of the
EU points to one of the challenges of implementing cap-and-trade. The Emissions Trading
Scheme (ETS) was launched by the EU in 2005 with a distribution of free permits or allowances.
Once trading started, the price of these allowances peaked around 30 euro a ton in April 2006
before collapsing to below 5 euro a ton by 2013. The drop in price took away any incentive for
firms to make further improvements in emissions. This failure of the market was linked to the
distribution of too many free allowances and the setting of caps that were easily reached using
the improvements made by firms. California, which started its cap-and-trade program in 2013,
distributed a fraction of the permits free and has auctioned off the rest. California has also estab-
lished a floor on the price of these permits during the auctions. The use of auctions with a floor
price to release permits has allowed for a better equilibrium that is less likely to collapse. The EU
has also changed its plans and moved from free allocations to auctions as the method for allocat-
ing allowances. The Acid Rain Program is another market-based initiative by the U.S. Environ-
mental Protection Agency that has had success in reducing overall levels of sulfur dioxide and
nitrogen oxides in the atmosphere.

A second mechanism to control emissions is an emission tax. Each entity generating
greenhouse gases is charged a tax proportional to the size of the emissions. This is similar in
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principle to the congestion-based toll we discussed to manage traffic congestion (see Chapter 14).
A charge for emissions encourages companies to reduce their emissions using all ideas whose
marginal cost is less than the charge. As a result of an emission tax, the total amount of green-
house gases produced will decrease. These taxes are often implemented on fossil fuels related to
carbon content. For example, India introduced a nationwide carbon tax of 50 rupees per metric
ton of coal both produced and imported into India. Similarly, Japan has introduced a tax on oil,
natural gas, and coal that is expected to cost utilities about 80 billion yen annually from 2016.°
One problem with a carbon tax, though, is that it tends to be regressive and hurt low-income
groups to a greater extent.

We discuss the pros and cons of cap-and-trade versus a carbon tax in greater detail in Sec-
tion 17.6. There is still considerable debate among experts about the relative merits of the two
approaches. Unfortunately, this debate has slowed the implementation of either approach across
the globe. The challenge of tending the environmental commons is magnified because the state
of the environment is affected by every region of the world. To be effective, mutual coercion
must have the same global reach as the environment. Solutions are unlikely to be effective unless
there is global coordination in the implementation of any mutual coercion mechanisms. The need
for coordination is evident even in the experience of the EU with cap-and-trade. After starting
with national caps that created problems, the EU had to shift to EU-wide caps. There is concern
that the introduction of cap-and-trade in California may result in some firms moving out of the
state. In the absence of global coordination, it will be difficult to get market mechanisms to be
very effective in controlling emissions. The need for global coordination is particularly impor-
tant given that although most of the existing emissions have come from the developed world, an
increasing share of future emissions is likely to come from economies that are still developing. It
will not be enough to have solutions that are limited to the developed world.

17.3 KEY PILLARS OF SUSTAINABILITY

Sustainability in a supply chain can be viewed along three pillars—social, environmental, and
economic. Major global corporations such as Walmart and Starbucks report their economic per-
formance in their annual reports and their social and environmental performance in their global
responsibility reports (also called corporate social responsibility reports). As we mentioned ear-
lier, many actions taken in a supply chain can improve performance in all three dimensions. For
example, the use of modular design by IKEA allows the company to tightly pack its parts when
they are shipped from the production location to its retail stores. Modular design allows the com-
pany to simultaneously reduce emissions as well as its transportation costs. SC Johnson, a manu-
facturer of cleaning supplies and other consumer goods, has reported that between 1990 and
1999 the company used its eco-efficiency efforts to cut more than 420 million pounds of waste
and save $125 million. The majority of sustainability-related efforts, however, have a cost that
the supply chain incurs for a benefit that may be more universal. In such situations, measuring
performance along all three pillars is required to evaluate the impact of sustainability-related
efforts in the supply chain.

Two fundamental challenges exist in a supply chain in the measurement and reporting of
the social and environmental pillars. The first challenge relates to the scope over which a cate-
gory is measured. Consider a company that reports only energy consumption within its own
operations. If it decides to outsource some production to an offshore supplier, its own energy
consumption will show a decline even though the energy consumption in the entire supply chain
may have increased. If it decides to bring some production in-house and onshore, the energy
consumption within its operations will show an increase even if the energy consumption for the

SKrittivas Mukherjee, “India Eyes Millions in Green Funds from Coal Tax,” Reuters, February 26, 2010.
Risa Maeda, “Japan’s New Carbon Tax to Cost Utilities $1 Billion Annually,” Reuters, October 10, 2012.
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entire supply chain has decreased. Thus, it is important to clearly define the scope across which
all metrics are measured and reported. In the context of greenhouse gas emission, the Green-
house Gas Protocol (GHG Protocol) initiative’ defines three scope levels. Scope 1 refers to emis-
sions from GHG sources that are owned or controlled by the reporting entity, also referred to as
direct emissions. Scope 2 refers to the inclusion of indirect emissions from grid-sourced electric-
ity and other utility services, including heat, steam, and cooling. Scope 3 refers to the inclusion
of other indirect emissions coming from the production of purchased materials, outsourced activ-
ities, contractor-owned vehicles, waste disposal, and employee business travel. For most firms,
the extent of direct emissions is typically only a small fraction of the extent of indirect emissions
in the supply chain. For example, a detailed analysis by the pharmaceutical company Abbott
indicated that its indirect emissions were about 6 to 14 times its direct emissions. For a typical
retailer, only about 7 percent of the environmental impact is direct, with the remaining 93 percent
coming from other parts of the supply chain. It is thus crucial to measure the social, environmen-
tal, and economic impacts across the entire supply chain.

The second challenge in measurement and reporting relates to the use of absolute or rela-
tive measures of performance. An absolute measure reports the total amount of energy consump-
tion, whereas a relative measure may report the energy consumed per unit of output. The
advantage of using an absolute measure is that it reports the full impact of the supply chain
(assuming we use scope 3) along the category being measured. The disadvantage is that a drop in
supply chain sales and production will show a lower absolute measure of energy consumption
even though the company may not have improved anything. This was the case in Europe around
2012, when the economic slowdown resulted in lower emissions even when firms had made no
improvements. A relative measure of performance, such as emissions per ton of output, is more
effective at capturing improvement. The challenge with using a relative measure is the choice of
basic unit because each category can be measured relative to a variety of units, such as dollars of
sales, kilograms of output, or square feet of space. In general, it is better for firms to measure and
report both absolute and relative measures to get a true picture of their performance.

Next, we elaborate on different dimensions of the social and environmental pillars using
Walmart and Starbucks as examples.

Social Pillar

The social pillar measures a firm’s ability to address issues that are important for its workforce,
customers, and society. Workforce-related factors include employment quality, health and safety,
training and development, and diversity and opportunity. Customer-related factors include accu-
rate product information and labeling, along with the impact of the product on the customer’s
health and safety. Social issues include human rights and the impact on local communities.

In their global responsibility reports, both Walmart and Starbucks report on each of these
social factors. Walmart and Starbucks source significant amounts of product from third parties
all over the world. Thus, their performance with regards to workforce must include their suppli-
ers. Walmart has focused on issues related to worker safety, women’s empowerment, and anti-
human trafficking at its suppliers. It has created “Standards for Suppliers” that require suppliers
to eliminate forced or child labor, offer wages and labor hours consistent with local law, and look
after the health and safety of workers. When third parties are involved, it is not enough to set
standards; the company must perform credible audits to ensure that the standards are being fol-
lowed. Walmart claims to audit each facility every 6 to 24 months. Some audits are performed by
the company, but most audits are performed through third-party organizations. The company
claims that it performed 11,568 audits in 2012 and that “our suppliers were required to cease
production in 214 factories due to serious violations.”8 Similarly, Starbucks claims to have

7 Accessed May 2, 2011, from www.ghgprotocol.org
8Walmart Global Responsibility Report 2013.
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sourced 95 percent of its coffee in 2013 “through C.A.E.E. practices, Fairtrade or another exter-
nally audited system.”9 Besides standards and audits, it is important for large firms such as
Walmart and Starbucks to provide support to their (often much smaller) suppliers in emerging
economies as they move on their journey toward greater sustainability. Simply setting standards
followed by audits may not suffice if suppliers do not have the capability to make changes on
their own. A 2013 study by the Global Supply Chain Management Forum at Stanford University
found that “supplier collaboration and capability building” seem to be “strongly associated with
social and environmental responsibility performance improvement and lower operating costs.”
The cost of audits and capability building at suppliers are often borne by a firm, whereas the
benefits from supplier improvement accrue to all that use the supplier. As discussed in the tragedy
of the commons, large firms do not spend sufficient effort on audits and capability building at sup-
pliers because of the absence of effective mechanisms for “mutual coercion.” This can be a chal-
lenge even with the best of intentions. For example, Western retailers and apparel brands reacted
to public outrage resulting from the collapse of the Rana Plaza factory near Dhaka, Bangladesh, in
2013 by starting a major push to improve building safety. Instead of coordinating this effort, how-
ever, they formed two distinct groups. One group—the Bangladesh Accord for Fire and Building
Safety—included many European brands, such as H&M, Carrefour, and Mango, whereas the
other group—the Alliance for Bangladesh Worker Safety—included 26 companies from Canada
and the United States. The two groups often clashed, detracting from the overall effort. “Some
members of the American-dominated alliance said that their side had performed more inspections
than the European-dominated accord, while some accord members asserted that the alliance’s
inspections were less rigorous.”10 Clearly, the absence of coordinated action hurt outcomes in
Bangladesh even though the companies involved may have had the best of intentions.

Environmental Pillar

The environmental pillar measures a firm’s impact on the environment, including air, land, water,
and ecosystems. Firm activities that improve the environmental pillar can be categorized as
resource reduction, emission reduction, and product innovation. Resource reduction activities
result in a more efficient use of natural resources in the supply chain. Starbucks’ ability to reduce
water consumption in company-operated stores by 21 percent between 2008 and 2013 is an
example of resource reduction. Emission reduction activities reduce hazardous air emissions
(e.g., greenhouse gases), waste, water discharges, or the environmental impact of the company in
the community. Walmart’s ability to reduce greenhouse gas emissions in its 2005 adjusted base
of stores by more than 20 percent is an example of emission reduction. Product innovation
reflects a company’s ability to reduce the environmental costs and burden for its customers
through the development of eco-efficient products or services. The high-efficiency toilet, for
example, is a product innovation that allows users to significantly reduce their water discharge.

Resources used by firms include materials, energy, water, and land. Starbucks has reduced
water consumption at its North American stores from 24.35 gallons per square foot/month/store
in 2008 to 19.22 gallons in 2013 through the use of efficient fixtures and equipment, along with
active monitoring of consumption. To reduce its energy consumption, Walmart has focused on its
HVAC, refrigeration, and lighting. The installation of LED freezer case lighting by the company
followed by the rollout of LED sales floor lighting has allowed the company to reduce energy
consumption at its stores. According to its 2013 Global Responsibility Report, Walmart reduced
fuel consumption in 2012 and “delivered 297 million more cases while driving 11 million fewer
miles.” Resource reduction activities not only help the environment, but they also save money for
a company. For example, Walmart claimed that the improved fuel and delivery efficiency of its
fleet “saved the company and our customers almost $130 million.”

9Starbucks Global Responsibility Report 2013.
10Steven Greenhouse and Elizabeth A. Harris, “Battling for a Safer Bangladesh,”New York Times, April 21, 2014.
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Emissions from a firm that may harm the environment include greenhouses gases, carbon
dioxide, ozone-depleting substances, nitrogen and sulfur oxides, waste, and water discharges.
Given that about 80 percent of Starbucks’ direct greenhouse gas emissions come from the energy
used to power its stores and facilities, the company has focused on building new company-
operated stores to the U.S. Green Building Council’s Leadership in Energy and Environmental
Design (LEED) certification standards. In 2012 and 2013, about 65 percent of the new stores
built were LEED certified. Single-use shopping bags are a significant source of waste; retailers
have made a concerted effort to get customers to start using multi-use bags. This effort has been
fairly successful in most parts of the world where it has been implemented. Walmart claimed to
have reduced its plastic shopping bag waste per store by more than 38 percent between 2007 and
2013. Emission reduction activities can be more challenging to implement because they often
require upfront investment and changes in behavior from employees and customers.

Although there are several examples of environmentally friendly product innovation, this
is also an area in which most claims should be skeptically viewed. According to a study led by
marketing consultancy TerraChoice, “more than 98 percent of supposedly natural and environ-
mentally friendly products on U.S. supermarket shelves are making potentially false or mislead-
ing claims, and 22 percent of products are making green claims that have no inherent meaning.”11
The term greenwashing is often used to refer to products and practices that seem green but fun-
damentally aim to grow profits.

The Institute for Local Self-Reliance (ILSR) has questioned whether Walmart’s claims
with regard to environmental responsibility are entirely justified. It points to the fact that
Walmart’s demands for lower prices from its suppliers has driven down the quality and durability
of consumer goods. This has sped up the “flow of goods from factory to landfill, vastly expand-
ing the amount of stuff Americans buy and discard.”'? It also notes that Americans “throw away
an average of 83 pounds of textiles per person, mostly discarded apparel, each year.” The issues
cited by ILSR have some validity and point to the difficulty of assessing claims on environmental
responsibility. Should Walmart be held responsible for the things customers throw away? Or
should customers bear the responsibility of wanting cheaper products, which may be less dura-
ble? It also points to the importance of expanding the scope of analysis to the entire supply chain,
from the customer to the last supplier, when evaluating the environmental impact of an action.

When starting on its sustainability improvement journey, it is best for a firm to first focus on
resource reduction activities. Whether reducing packaging material, energy use, or transportation,
resource reduction activities are most likely to provide a win—win outcome that helps the environ-
ment while improving profits. Such successes can provide the momentum for more challenging
sustainability activities. The push for resource reduction is likely to be aided by the increase in
fuel and shipping costs. As shipping costs grow, supply chain networks are likely to become
somewhat more regional, helping reduce emissions from transportation. In the long run, however,
the biggest benefits to society are likely to accrue when firms include the social and environmental
pillars when making their sourcing decisions. The biggest challenge to social and environmental
improvements is likely to be the fact that most of the effort is local to a firm (and maybe its supply
chain), whereas the benefits are more widely distributed. The tragedy of the commons and the dif-
ficulty of measuring change across the entire scope of the supply chain are likely to make real
progress slow while companies continue to claim large improvements related to sustainability.

17.4 SUSTAINABILITY AND SUPPLY CHAIN DRIVERS

Opportunities for improving supply chain sustainability can be identified by matching the social
(workforce, customer, society) and environmental (resource reduction, emission reduction, prod-
uct innovation) pillars we have described with the various supply chain drivers discussed in this

"Erica Orange, “From Eco-Friendly to Eco-Intelligent.” The Futurist, September—October 2010.
12Top Ten Ways Walmart Fails on Sustainability,” Institute for Local Self-Reliance, April 2012.
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text. The goal is for every firm to measure its environmental impact for each driver along each of
the social and environmental categories. In this section, we discuss some of the opportunities
available for each driver and provide some examples.

Facilities

Facilities tend to be significant consumers of energy and water and emitters of waste and green-
house gases and thus offer significant opportunities for profitable improvement. Once a firm
measures the direct impact of each facility in terms of energy, water, emissions, and waste, it
should separate the improvement opportunities into those that generate positive cash flows and
those that do not. Successful companies start by identifying and implementing the profitable
projects first. According to its 2011 Corporate Social Responsibility (CSR) report, Walmart has
designed and opened a viable store prototype that is up to 25 to 30 percent more energy efficient
and produces up to 30 percent fewer greenhouse gas emissions compared with the 2005 baseline.
Using more energy-efficient light bulbs and building skylights for natural light has cut energy
consumption at its existing stores. Walmart has also worked to convert waste management at its
stores from a cost to a profit generator. The company reported that in 2011 it prevented more than
80 percent of waste generated by its stores and distribution centers from going to landfills. Most
of this success came from “working with vendors to eliminate materials from becoming part of
the waste or recycling stream in the first place.”

Another example of profitable improvement comes from using technology to balance the
peak load for energy across a chain of convenience stores. By suitably staggering the time that
air conditioners and freezers at its stores are turned on, the chain can reduce the peak demand for
energy across the store network, resulting in lower costs for the chain and a reduced demand for
peak load in the grid. Several companies are designing the hardware and software necessary to
operate such systems. Efforts to reduce peak load are likely to be most successful when utilities
include a peak charge, thus rewarding customers that reduce peak consumption.

Production facilities often have significant opportunity to reuse heat energy generated and
reduce water usage during the process. Coca-Cola has worked hard to reuse heat energy from
boilers in its production process and reduce its total water footprint. Lee (2010) gives the exam-
ple of Posco, which worked with its equipment supplier, Siemens VA, to create a new produc-
tion process that cut costs and emissions without hurting product quality by using local iron ore
that was of lower quality but less expensive. As a result, Posco reduced the cost of a new mill by
6 percent to 17 percent and decreased its operating costs by 15 percent while producing lower
levels of greenhouse gases and other waste. As these examples illustrate, facilities often offer the
best opportunity to simultaneously improve the environmental and financial performances
through innovation.

Inventory

Most supply chains focus on raw materials, work in process, and finished goods inventory, as we
have done in this text. Although this form of inventory is viewed as an asset and included in the
financials, few firms even consider the inventory sitting in a typical landfill. When a firm’s prod-
uct is discarded in a landfill after use, the cost of this inventory is borne collectively by society.
Even though the inventory in the landfill may not show up in a firm’s balance sheet, it does show
up as one of the most damaging aspects from a sustainability perspective. The damage may be in
the form of harmful additives or in the form of valuable energy and materials that are still locked
in the landfill. Arguably, the most significant waste in any supply chain occurs when a product is
thrown into a landfill because both materials and energy used to produce the product are now lost
forever, potentially doing harm. The goal of every supply chain should be to track its landfill
inventory and separate it in terms of harmful additives and unused value. Life-cycle assessment
can be used to assess the environmental impacts associated with a product’s life from cradle to
grave. The goal should be to reduce (or at least limit) the harmful inventory and unlock the
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unused value in products when they are discarded. In Section 17.5, we discuss the challenges of
designing closed-loop supply chains that reduce landfill inventory through effective recycling or
remanufacturing.

McDonough and Braungart (2002) discuss the importance of “cradle to cradle” design if
we are to truly limit the landfill inventory generated by a supply chain. They suggest designing
products “that, when their useful life is over, do not become useless waste but can be tossed onto
the ground to decompose and become food for plants and animals and nutrients for soil; or, alter-
nately, they can return to industrial cycles to supply high quality raw materials for new products.”
For example, Cyberpac, a British company, has developed several products that seek to replace
plastic packaging with compostable equivalents using starch-based resources and hydro-degradable
plastic. The Bioplastics Feedstock Alliance, formed by several companies and the World Wildlife
Fund, encourages the development of plastics from plant matter.

Transportation

Transportation is another driver with which firms are likely to find several positive cash flow oppor-
tunities that improve environmental performance through resource as well as emission reduction.
Any supply chain design innovation that lowers transportation costs also tends to reduce fuel con-
sumption, as well as emissions and waste generated from transportation. As fuel costs increase in
the future, firms are likely to restructure their products and supply chains to reduce transportation
costs. Along with a decrease in transportation costs, these changes (such as near-shoring or onshor-
ing) are also likely to decrease fuel use and emissions. In its 2011 CSR report, Walmart reported
that in the United States, it decreased the amount of fuel used to deliver a case of product by
65 percent between 2005 and 2010. This improvement—through increased aggregation, a more
efficient loading of transportation vehicles, and an increase in their fuel efficiency—cuts both costs
and environmental damage. Lee (2010) cites four companies—Hewlett-Packard, Electrolux, Sony,
and Braun—that have formed a joint venture, the European Recycling Platform, to gain better
economies of scale in their recycling efforts. Lee reports that HP’s cost of recycling digital cameras
is only 1 or 2 euro cents in countries with the environmental platform, compared with 7 euro cents
to 1.24 euros in countries without the platform. Ocean Spray and Tropicana, with presence in Mas-
sachusetts and Florida, respectively, have collaborated to take advantage of empty delivery trucks
to backhaul each other’s product along the U.S. East Coast, saving both fuel and money.

Product design can also play a significant role in reducing transportation cost and emis-
sions by reducing packaging and allowing greater density during transportation. IKEA has
always worked hard to design products that can be shipped flat to achieve high volume and
weight density during transportation. As a result, the company not only lowers its transportation
costs, but it also reduces emissions and energy use.

Sourcing

For most firms, the greatest social and environmental impact occurs in the extended supply chain
outside their own enterprise. This impact has grown as firms have increased their global sourc-
ing, especially from low-cost countries. Thus, to truly have an impact on sustainability, powerful
players must look at the extended supply chain and work with their suppliers to improve perfor-
mance. As we have mentioned earlier, the C.A.F.E. program at Starbucks encourages suppliers to
improve their environmental and social responsibility scores by providing a price premium.
Walmart and IKEA have also set aggressive targets for their suppliers to improve overall supply
chain sustainability. Failure to work with suppliers on sustainability should also be viewed as a
potential source of risk that can cause considerable damage to the reputation and sales of a firm.
The presence of lead paint in some of its most popular toys, for instance, forced Mattel to recall
hundreds of thousands of toys sold between April and July 2007.'3

3Louise Story, “Lead Paint Prompts Mattel to Recall 967,000 Toys.” New York Times, August 2, 2007.
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Verifying and tracking supplier performance with regard to sustainability, however, contin-
ues to be a major challenge for most firms. This challenge arises, at least partially, because of the
tragedy of the commons. After all, the benefits from improved social and environmental respon-
sibility at suppliers are shared, whereas the verification and tracking efforts are often concen-
trated. As a result, firms rarely put in as much effort in this regard as they should. It often requires
outside activists and third parties focused on social and environmental improvement to push a
company to change. The journey of Nike is a classic example. It took revelations by activist Jeff
Ballinger, protests at the Barcelona Olympics, and protests by students on college campuses to
end the use of sweatshops by the company. The company has since moved on to become a leader
in social responsibility. Given the challenge of the tragedy of the commons, activists will always
have a significant role to play in pushing firms to consider the social and environmental pillars
when making sourcing decisions.

Information

Good information continues to be one of the biggest challenges to improved supply chain sus-
tainability. The absence of standards for measurement and reporting has led to claims of improve-
ment that are often not verifiable. In the short term, this has led to company-specific standards
and an explosion of certifications and certifying agencies. Companies talk of working toward a
common set of standards, but it is unlikely that such standards will emerge because incentives are
not aligned across different firms. This poses a challenge both within firms and across supply
chains when it comes to improving sustainability. The C.A.F.E. standards and supplier rating are
an effort by Starbucks to encourage suppliers to focus on sustainability. Plambeck (2007)
describes efforts within Walmart to measure and motivate both suppliers and associates. To
reduce packaging, Walmart implemented a web-based scorecard that evaluated the packaging of
each product along nine metrics, such as cube utilization and recycled content. This scorecard
was used to measure and recognize improvements in packaging. Even though universal stan-
dards may not be possible, the use of consistent scorecards within a supply chain can go a long
way toward aligning the sustainability efforts of all members of the extended supply chain.

Pricing

As discussed in Chapter 16, intelligent use of differential pricing can improve the utilization of
assets, leading to resource reduction. Planes that are fuller through differential pricing improve
airline profits while reducing the fuel consumption and emissions per passenger. This also delays
the need for additional capacity in the form of new planes. Consumption visibility and differen-
tial pricing by load or time of day have the potential to make a significant difference in the usage
of energy by consumers. Some studies have found that when people can see how much electric-
ity they are using and the impact of turning off different appliances, their usage decreases by
between 10 to 15 percent. If this visibility is simultaneously coupled with lower-price off-peak
electricity, there is a potential to reduce peak load demand. In general, lower peaks and improved
utilization of assets through differential pricing improves both the environmental and economic
performance of a firm.

One of the biggest challenges to improved sustainability of a supply chain is changing the
customer’s willingness to pay for a product that is produced and distributed by a supply chain in a
more sustainable manner but ends up costing more. According to a 2011 survey conducted by the
market research firm Mintel for the food service industry, customers are willing to pay a mere 1 to
5 percent more for sustainable fare. The lack of willingness to pay also extends to corporations
when making supply chain choices. For example, Walmart has not hit its targets for the use of
renewable energy because these sources have higher costs compared with other sources of energy.
Walmart’s use of renewable energy in 2013 declined relative to 2012 because it was “unable to
renegotiate an expiring contract with competitive pricing.” Similarly, Starbucks classified its use
of renewable energy as an area that “needs improvement” in its 2013 global responsibility report.
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In the short term, government incentives can encourage customers and firms to behave more sus-
tainably. In the long term, however, efforts toward increased sustainability will pick up speed only
when customers place greater value on it, allowing supply chains to grow the supply chain surplus
by being sustainable (despite higher costs).

17.5 CLOSED-LOOP SUPPLY CHAINS

As we discussed earlier, supply chains typically cause significant harm to the environment when
their output ends up in a landfill. One of the biggest opportunities to improve sustainability is for
firms to design products that use fewer resources and can be recycled and remanufactured after
use. An example of a commonly remanufactured product is retreaded tires. Retreaded tires are
used in trucks, buses, heavy construction and agricultural equipment, aircraft, and passenger
vehicles. Retreaded tires are cheaper to produce and tires can be retreaded multiple times. Despite
these advantages, retreaded tires accounted for only “about 3 percent of total sales by U.S. firms
within the tires sector” between 2009 and 2011.'* In 201 1, production at U.S. tire retreaders was
limited by the availability of used tire casings. The example of tires raises two important ques-
tions that arise in every industry: Why do we not see more instances of remanufacturing? What
can be done to increase the return of used product (like tire casings)? The extent of recycling or
remanufacturing depends on the following factors:

* The incentive to recycle or remanufacture
* The cost to recycle or remanufacture

Unless they are forced to, manufacturers have typically limited their efforts to design recy-
clable/remanufacturable products. Even when such products have been designed, recycling rates
have often been low because of the lack of customer and manufacturer effort. The absence of
successful recycling and remanufacturing can be explained by the tragedy of the commons, man-
ufacturer concerns that remanufactured products may cannibalize demand from new products,
and the lack of effort from customers to return used product. The cost of a product ending up in
a landfill is borne by society (until recently, it has been free for manufacturers), whereas the
additional cost of recyclable products is borne by each manufacturer. This decreases any incen-
tive for manufacturers to make this effort. Calcott and Walls (2000) discuss theoretical models
for the design of incentives to encourage design of products that are environmentally friendly. To
encourage the appropriate behavior in supply chains, it is important that the polluter pays the
cost inflicted on society (referred to as the polluter pays principle). Policies that are consistent
with this idea include take-back mandates, advance disposal fees, and deposit-refund programs.
The WEEE Directive is an example of a take-back mandate in which producers bear responsibil-
ity for end-of-life electrical and electronic waste in Europe. Producers bear both the financial and
physical responsibility for meeting recycling or recovery targets. Advance disposal fees have
been used for materials such as motor oil, antifreeze, tires, and solvents that are hard to dispose
of. California charges an electronic waste recycling fee for any product sold with a screen.
Deposit-refund programs are used for cans and bottles when customers pay a fixed deposit when
they purchase soda or beer. A refund is then provided when customers bring back empty cans or
bottles. In each example cited here, the goal is to put a cost in place that encourages reduction of
waste and a positive incentive that encourages increased recycling.

The fear of cannibalization of demand for new products is a major deterrent to remanufac-
turing. Manufacturers are concerned that sales of the remanufactured product will reduce demand
for new products, thus hurting firm profitability. The impact of cannibalization depends on the
presence of distinct customer segments for the product. If there are at least two distinct customer
segments, remanufacturing can be used to target the lower-price segment while new products

14U.S. International Trade Commission, “Remanufactured Goods: An Overview of the U.S. and Global Industries,
Markets, and Trade,” October 2012.
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target the higher-price segment (see Chapter 16). This strategy is used by tire manufacturers for
truck tires, as remanufacturing allows strong brands to compete with lower-end brands without
diluting the value of the new product. When there are two distinct segments, remanufacturing
can help rather than hurt profits. However, when this distinction between segments is not feasi-
ble, customers are likely to be strategic and purchase the remanufactured product at a lower
price, leading to cannibalization of demand for new products.

If a customer could be charged for pollution based on the precise cost to society, customers
are likely to return recyclable products at a high rate. The challenge, however, is that most people
pay a fixed monthly fee for collection, hauling, and dumping of trash. In such a setting, people
have a lower incentive to recycle. A “pay as you throw” (PAYT) model, in which the cost incurred
is proportional to the amount of garbage thrown out, is likely to increase recycling. Most com-
munities with PAYT require customers to use specific garbage bags, for which they are charged.
This approach links people’s spending on garbage to the number of bags they use, thus rewarding
them for recycling a product rather than dumping it with the garbage.

Even when the right incentives are in place, the actual cost of recycling or remanufacturing
has a significant impact on the extent of recycling. Much of the cost in such instances is linked to
the logistics cost of collection and transportation. Consumer electronics are a classic example for
which the high cost of collection and transportation hurts recycling and remanufacturing. Most
of the consumer electronics are manufactured in Asia, with large consumer markets in Europe
and North America. Not only is it expensive to recover used electronics from customers, but it is
also very expensive to ship any recycled parts back to Asia for remanufacturing. This makes the
cost high enough that remanufactured products are often not cheaper to produce than new ones.
One company that is working to reduce the cost of remanufacturing smartphones is Brightstar,
one of the biggest providers of refurbishing services for the telecom sector. As smartphone hard-
ware becomes more standardized and subject to less change (with most of the change shifting to
software), Brightstar, with local refurbishing centers in North America, is hoping to provide low-
cost refurbished handsets. The use of standardized parts that make the remanufacturing process
cheap, along with local presence that lowers transportation cost, increase the likelihood of suc-
cessful remanufacturing in this space.

Single-use cameras were one of the most successful examples of a closed-loop supply chain
with remanufacturing. This was an instance in which remanufacturing was successful because all
the incentives were right and the costs were low. The cost of collection was low because custom-
ers naturally brought their single-use cameras to a retailer for printing pictures. No further incen-
tives were needed to encourage customer returns. Manufacturers had the right incentive because
remanufacturing saved the manufacturers money and there was no difference in price between a
remanufactured camera and a new one. There are few other examples, however, with the same
success. The right incentives for both manufacturers and customers, along with well-developed
reverse supply chains, will be required for greater use of recycling and remanufacturing.

17.6 THE PRICING OF SUSTAINABILITY

For individuals and firms to focus on sustainability, it is crucial that they internalize the “mone-
tary value” of the social or environmental cost of their actions. Firms are structured to naturally
account for all factors that they have to pay for. Every effort is put into place to reduce these
costs. For example, firms optimize the use of water based on its cost. This cost does not, how-
ever, include the impact of a water shortage on the firm as well as the surrounding community.
As a result, firms use more water than they would if they had to internalize the cost of future
shortages on society. Similar inefficiencies exist along a variety of social and environmental fac-
tors. To improve sustainability in the supply chain, it is thus important to incorporate suitable
prices for the social and environmental impacts of different actions such as emissions. There are,
however, significant challenges to setting these prices appropriately. We discuss some of these
challenges in the context of emission pricing.
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Pricing of Emissions

Decision makers all over the world have devoted significant attention to reducing GHG emis-
sions. As discussed in the tragedy of the commons, firms will not put sufficient effort into reduc-
ing GHGs unless they are “forced” to reduce emissions or required to pay for the social cost of
their emission. The policies proposed include technology mandates, performance standards, and
emissions pricing. The theoretical attraction of emissions pricing is that it has the potential to
achieve emissions reduction at lower cost than other approaches. A study by the OECD found
that charging for emissions was more cost effective than subsidies or mandates in reducing car-
bon dioxide emissions.'> Even though there is general agreement on the need for emissions pric-
ing, finding the right price is challenging.

Two approaches used to price emissions are a carbon tax and a cap-and-trade system. By
charging for emissions, both methods encourage firms to reduce emissions per unit of output.
The prices in the two cases, however, are set differently. Under a carbon tax, the price of emis-
sions is the tax rate set directly by the regulatory authority. A carbon tax fixes the price of emis-
sions, but the quantity of emissions is decided by the emitters. Under a cap-and-trade system, the
total quantity of emissions is set by the regulatory authority and the price is set indirectly. The
regulatory authority sets an overall limit on the quantity of emissions by providing allowances
equal to this limit. Firms that emit less than their share of allowances can sell the surplus allow-
ances to firms that emit more than their share. This market for allowances then yields a price of
emissions. A cap-and-trade system fixes the quantity of emissions through the allowances but the
price of emissions is allowed to change. A seminal paper discussing the relative merits of setting
prices versus quantities was written by Martin Weitzman in 1974. The difficulty in both
approaches arises because regulators do not have sufficient information of the cost to individual
firms of reducing emissions or the cost to society of emissions. In the carbon tax approach, this
lack of information makes it difficult to set the correct tax. Setting a tax that is too low results in
insufficient effort by firms to reduce emissions. In contrast, setting a tax that is too high forces
firms to make emission reduction efforts that are too expensive. In the cap-and-trade approach,
the lack of information makes it difficult to decide the quota of emission allowances. Too large a
quota results in too low a price of emissions, whereas too small a quota results in too high a price.

Goulder and Schein (2013) provide an excellent review of both a carbon tax and cap-and-
trade. Rather than a pure cap-and-trade mechanism, in which the market sets prices under all cir-
cumstances, they recommend a hybrid version of the cap-and-trade, in which the traded allowances
have a floor price as well as a ceiling. The ceiling is enforced by adding extra allowances when the
ceiling price is hit (the regulatory authority sells unlimited allowances at the ceiling price),
whereas the floor is enforced by removing allowances (the regulatory authority purchases any
number of allowances available for sale at the floor price). A major advantage of the hybrid cap-
and-trade relative to a pure cap-and-trade is that it limits the volatility in the price of emissions
allowing businesses to better plan their environmental activities. Goulder and Schein discuss the
following dimensions along which any emissions pricing mechanism should be evaluated:

* Cost of administration: The cost of administering an emissions pricing policy depends
on the number of sources that need to be monitored. Charging the ultimate emitters can be
very cumbersome, given the millions of such entities. It can be cheaper to charge the
upstream suppliers (such as energy supply companies) whose products end up as emis-
sions because there are fewer of them (compared with the ultimate emitters). Both carbon
taxes and cap-and-trade can potentially be applied to upstream suppliers.

 Price volatility: Businesses tend to prefer low price volatility because it allows them to
better plan their sustainability activities. A carbon tax fixes the price of emissions, whereas
a cap-and-trade system displays price volatility. A hybrid cap-and-trade system limits price

15¢Climate and Carbon: Aligning Prices and Policies,” OECD Environment Policy Paper No. 1, October 2013.
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volatility, given a floor and ceiling price. Price volatility in a cap-and-trade system can be
reduced by allowing intertemporal banking, in which firms can apply future allowances to
current emissions or save current allowances for future emissions.

e Emission uncertainty: A cap-and-trade system caps the emissions (except when the
ceiling price is hit), whereas a carbon tax can potentially have high emissions if the cost of
reducing emissions is greater than the tax. Some environmental activists have opposed the
carbon tax because it does not guarantee a drop in emissions.

* New information uncertainty: As new information becomes available about the costs
and benefits of emission reduction (for example, with the introduction of new technology),
the price of emissions should adjust accordingly. A hybrid cap-and-trade mechanism with
the possibility of intertemporal banking (for allowances to be saved for the future or bor-
rowed from the future) is better able to adjust the price of emissions based on new informa-
tion compared with a carbon tax.

e Industry competitiveness: A country or state that is further along on emission pricing
can potentially hurt the competitiveness of its own emission intensive firms relative to
firms operating outside its borders. In theory, a tax at the border for imported goods (based
on origin) and an allowance for exported goods (based on destination) can level the playing
field. In practice, however, such an approach is administratively complex in most instances
because it requires different levels of tax based on origin of imports and destination for
exports. This complexity makes border adjustments very difficult to implement in practice.

* Wealth transfer to energy-exporting countries: For a country that imports most of its
energy supplies, a cap-and-trade system has the potential to shift wealth to energy-
exporting countries. The price on emissions is designed to encourage lower consumption
of fuels like crude oil. A cartel of oil-producing countries can potentially take advantage of
a cap-and-trade mechanism by reducing supply of crude below the level that would be
achieved with a price on emissions. This would lower the price of emissions under cap-
and-trade to zero because the demand for allowances would be less than the supply. The oil
producers would gain revenue because the reduced supply would raise the price of oil.
Instead of the local government gaining revenue from the auction of allowances, the oil
producers would extract that revenue in the form of higher oil prices. This transfer of
wealth does not occur with a carbon tax and is limited by a hybrid cap-and-trade system.
Such an outcome is also limited if the energy supply market is competitive, because supply
cannot be constrained in a competitive market.

* Revenue neutrality: Several studies have indicated that the costs of emission pricing
policies are minimized if any government revenue from these policies (in the form of a tax
or revenue from auctioning emission allowances) is returned to the consumers in the form
of a reduction in the marginal rates of pre-existing income or sales taxes.

There is general agreement that putting an explicit price on emissions is more cost effective
than other policy choices in reducing emissions. In this context, carbon taxes are simple to
administer and provide a fixed price that businesses can plan for. They do not, however, guaran-
tee a decrease in emissions and it is difficult for the regulatory authority to determine the opti-
mal tax rate. Cap-and-trade mechanisms can be used to limit emissions and are flexible enough
to incorporate new information as it becomes available but may display significant price volatil-
ity. To limit price volatility, it is best to implement cap-and-trade with a price floor as well as
ceiling and allow intertemporal banking of emission allowances.

17.7 SUMMARY OF LEARNING OBJECTIVES

1. Understand the importance of sustainability in a supply chain. As supply chains
have globalized and emerging countries have grown, it has become increasingly clear that the
world’s resources and environment will not be able to support this growth unless supply chains
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become more sustainable. Besides the need to make the world more sustainable, an increased
focus on sustainability has allowed some supply chains to reduce risk, become more efficient,
and attract some customers who value these efforts.

2. Discuss the challenge to sustainability posed by the tragedy of the commons. Many
actions that improve sustainability of a supply chain impose costs that are local (to an individual,
a firm, supply chain, or country) but provide common benefits that are more global. In contrast,
a disregard for sustainability provides benefits that are local but costs that are shared globally. As
a result, encouraging sustainability without some external pressure, in the form of either a public
mandate or an economic incentive, can be difficult.

3. Describe key dimensions of sustainability for a supply chain. Supply chain sustain-
ability can be evaluated in terms of social, environmental, and economic impacts. The social
pillar includes the impact on the workforce, customers, and society. The environmental pillar
includes resource reduction, emission reduction, and environmental product innovation.

4. Understand the role of incentives for successful sustainability efforts. The tragedy
of the commons makes it difficult to improve sustainability efforts by firms and individuals with-
out some external pressure. To decrease resource consumption and increase recycling and
remanufacturing, a suitable approach is to tax the producer to encourage resource reduction and
reward the recycler to increase the percentage recycled. A price on emissions is the most cost-
effective way of reducing emissions. Emissions can be priced through either a carbon tax or a
hybrid cap-and-trade mechanism.

Discussion Questions

1. What are some benefits to improved sustainability of a sup-
ply chain?

2. What are some challenges that limit the effort put in by sup-
ply chains to improve sustainability?

3. Describe the “tragedy of the commons” in the context of sup-
ply chain sustainability. What are some “mutually coercive”
mechanisms that could be implemented to encourage supply
chain sustainability?

4. What are some problems with firms reporting their sustain-
ability performance based on metrics that do not consider
their extended supply chain?
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transportation, 448
warehousing, 449
Agile intercompany scope, 45
Airline industry
in Asia, 415
in United States, 415
Airlines, 415
Air transportation, 415
Alliance for Bangladesh Worker Safety, 511
Alloy Steel, 435-437
All unit quantity discounts, 298-300
Amazon, 14, 17, 21, 28, 33, 52-55, 56, 57, 62,70, 71, 83,
84,91, 93,95, 100, 101, 105-107, 126, 326, 496
AmazonFresh, 92
American Airlines, 481
Andersen Windows, 66
Apple, 25-26, 46, 82, 99, 103, 446
APS. See Advanced planning systems (APS)
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ArcelorMittal, 19

Asia, airline industry in, 415

ASN. See Advance shipping notices (ASN)

Assets, perishable. See Perishable assets, revenue
management tactics for

Auctions, 458-459

Audits and capability building, 511

Auto manufacturing, 27-28

Average inventory, 63

Average price paid per unit purchased, 282

Average production batch size, 61

Average purchase quantity, 69

Average replenishment batch size, 63

Average sale price, 71

B

Ballinger, Jeff, 515

Baltic Dry Index, 124

Bangladesh Accord for Fire and Building Safety,

511

Bargaining surplus, 459

Barilla, 39

Barnes & Noble, 83, 84, 91, 101, 106-107,126, 342,
349, 431

Batch size, 280

Behavioral obstacles, to supply chain coordination,
267-268

Bellman’s principle, 166

Benetton, 353, 397, 457, 469

Best Buy, 16, 56

BioPharma, Inc., 184-187

Bioplastics Feedstock Alliance, 514

Blockbuster, 47, 49, 101, 113

Bloomingdale’s, 326

Blue Nile, 32, 64, 115-116

BMW, 123, 447

Boise Cascade, 452

Books industry, online sales and, 105-107

Borders (bookstore chain), 17-18, 106-107

Braun, 514

Brightstar, 449-450, 517

Brunello Cucinelli, 453

BTS. See Bureau of Transportation Statistics (BTS)

Bulk contracts, 496-498

Bullwhip effect, 260-261, 262, 269, 272, 277

Bureau of Transportation Statistics (BTS),
412,413

Business environment, changes in, 47

Buyback contracts, 462-465

Buyer time, 284

C

Campbell Soup Company, 310
Capacitated plant location model, 130-132,
137-141
Capacity
aggregate planning and, 225
aggregation, 447
chase strategy, 225
dedicated, 60
facilities, 60
flexible, 60
management of, 245
revenue management and, 487489

Capacity allocation, 120, 121, 400
models of. See Models, facility location/capacity
allocation
to multiple segments, 487489
Capacity constraints, 229
lot size, 289-290
multiple products and, 398—400
Cap-and-trade system, 507, 518-519. See also
Emission pricing
Carbon tax, 508-509, 518, 519. See also Emission
pricing
Carrefour, 511
Carrier delivery, distributor storage with, 90-92
Carriers, 413. See also Transportation
package, 415
Carrying inventory upstream, 358
Case study
aggregate planning, 241-242
cycle inventory, 322-325
demand forecasting, 219-220
drivers and metrics, 73-81
global supply chain networks, 184—188
network design, 151-153
online sales, 115-119
revenue management, 502-503
safety inventory, 365-369
sales and operations planning (S&OP), 257-259
strategic fit and scope, 49-51
Cash-to-cash (C2C) cycle, 55
time, 63
Causal forecasting methods, 192-193
Celestica, 454
Chaining concept, 162
Chase strategy, 225
Chrysler, 448, 471472, 475
Circuit City, 374
Cisco, 33, 452, 471
Closed-loop supply chain, 516-517
Coca-Cola, 122, 190, 314, 513
Coefficient of variation (cv), 329
Coffee and farmer equity (C.A.F.E.) practices, 506
Collaboration. See also CPFR (Collaborative
Planning, Forecasting, and Replenishment);
Supply chain coordination
assortment planning, 275-276
DC replenishment, 275
and forecasting, 215
retail event, 275
store replenishment, 275
tailored sourcing and, 474475
Collaborative assortment planning, 275-276
Commoditization, 113
Commodity products, quantity discounts for,
303-306
Competitive factors, and network design decisions
positive externalities, 124—125
Competitiveness, emission pricing and, 519
Competitive strategy
of firms, 126-127
and supply chain strategies, 31-33
Component commonality, 351-352
Computer industry, online business and, 102-105
Congestion, 420
Constraints, 229-231

521



522 Index

Consumer surplus, 15
Containment, 161-162
Continuously stocked items, cycle service level,
382-384
Continuous replenishment program (CRP),
273,359
Continuous review, 330, 354-355. See also
Replenishment policies
Contracts
bulk and spot, 496498
buyback, 462-465
ineffective, third party and, 452
quantity flexibility, 467-470
revenue-sharing, 465467
shared-savings, 470-471
CoolWipes, 152-153
Coordination. See Supply chain coordination
Corporate Social Responsibility (CSR), 513
Cost, aggregate planning
of hiring and layoffs, 228
of inventory and stockout, 229
of materials and subcontracting, 229
Costco, 70, 71, 122, 285
Cost of capital, 283-284
Cost of overstocking, 374
Cost of understocking, 374
Cost-responsiveness efficient frontier, 38
Costs. See also specific types
acquisition, 455
deliveries, 93
facilities, 85, 126
fixed, 285-290
handling, 284
holding, 282
impact of online sales on, 101-102
inbound transportation, 65, 84
incremental, 71
inventory, 126
inventory holding, 283-284
labor, 263
logistics, 126
manufacturing, 262
obsolescence, 284
outbound transportation, 65, 84
ownership, 455
receiving, 284
total, 156-159
total logistics, 85
transportation, 91, 93
variable, 71
CPFR (Collaborative Planning, Forecasting, and
Replenishment), 269, 273-277. See also Supply
chain coordination
collaborative assortment planning,
275-276
DC replenishment collaboration, 275
organizational requirement, 276
retail event collaboration, 275
risks and hurdles in, 276-277
store replenishment collaboration, 275
technology requirements for, 276
Critical/specialized products, 113
CRM. See Customer relationship management
(CRM)
Cross-docking, 423-424
Cross-enterprise collaboration, 439
CRP. See Continuous replenishment program (CRP)
CSL. See Cycle service level (CSL)
CSR. See Corporate Social Responsibility (CSR)

Cub Foods, 310-311
Cultural implications, and network design decisions,
144
Customer behavior, information about, 498
Customer demand data, 269
Customer density and distance, tailored transportation
by, 437-438
Customer-driven two-way substitution, 350-351
Customer experience
distribution network design, 83, 88, 90, 94
online business, 100
Customer order cycle, 21, 23
Customer pickup sites
distributor/manufacturer storage with, 94-97
retail storage with, 97-98
Customer relationship management (CRM),
24,25
Customer requirements, facility location/capacity
allocation models, 143-144
Customer response time, and network design
decisions, 125-126
Customers, lot sizing with, 291-298
Customer service, online business and, 99-101
Customer size, tailored transportation by, 438
Customer/supplier contact, 452
Cyberpac, 514
Cycle inventory, 62
case studies, 322-325
fixed costs, economies of scale exploiting,
285-290
multiechelon, 314-317
overview, 280
role of, 280-283
tailored transportation, 438
trade promotions, 309-314
Cycle service level (CSL), 330, 373
continuously stocked items and, 382-384
replenishment policy and, 331-334
safety inventory and, 331-334
Cycle view, supply chain processes, 20-21
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Dabbawalas. See Mumbai dabbawalas
Data accuracy, APS and, 237
Data leakage, 452
Days payable outstanding, 69
Days sales outstanding, 69
DC cross-docks, 423. See also Cross-docking
DCEF. See Discounted cash flows (DCF)
DC milk-run shipments, 424
DC replenishment collaboration, 275
Decision making, transportation, 439-440
Decision trees, 165-172, 174
basics of, 165-166
defined, 165
methodology, 166
Decision variables, in aggregate planning, 228
Dedicated capacity, 60
Deliveries
carrier, distributor storage with, 90-92
costs, 93
Dell Computer, 15, 17, 18, 20, 33-34, 47, 82, 838-89,
101, 102-105
Demand
customer, data, 269
management of, 246247
tailored transportation, 438-439
Demand allocation, to production facilities,
136-137

Demand forecasting. See also Forecast/forecasting
basic approach, 193-195
factors influencing, 194
integration with planning, 194
role of, 190-191
role of information technology in, 214-215
at Tahoe Salt, 209-214
Demand planning, 215
module, 215
Demand risk, 123-124
Demand uncertainty, 162, 328-329
vs. implied demand uncertainty, 35
Demand variability, 68
Deposit-refund programs, 516
Deseasonalized demand, 196-198
Diamond retailing industry
Blue Nile, 115-116
Tiffany & Co., 117-118
Zale Corporation, 117
Direct emissions, 510
Direct materials, 474
Direct sales, 100
Direct shipment network, 421-422
Direct shipping, manufacturer storage with, 86-88, 89
Direct shipping with milk runs, 422-423
Discounted cash flows (DCF), 163-164
Discounts/discounting. See also Quantity discounts
short-term, 69
Distribution
defined, 81
network, designing. See Distribution network
design
role in supply chain, 81-82
Distribution network design, 82
carrier delivery, 90-92
customer pickup sites, 94-97
drop-shipping, 86-88, 89
factors Influencing, 83-86
in-transit merge, 88-90
online sales and, 99-112. See also Online business
options for, 86-99
ownership structure, 112
selection of, 98-99
Distributor storage
carrier delivery, 90-92
with customer pickup, 94-97
with last-mile delivery, 92-94
response time under, 91-92
Dole Food Company, Inc., 155
Double marginalization, 307
Down time, 61
Drivers, supply chain performance
facilities, 56, 59-61
information, 5657, 65-68
inventory, 56, 61-64
pricing, 57, 69-71
sourcing, 57, 68—69
structural framework, 58-59
transportation, 56, 64-65
Drop-shipping, 86-88, 89
D-Solar, 172-173
Dual facilities, 245
Dynamic pricing, 489493

E

EBags, 87, 88, 449

Echelon inventory, 358

Echo Global Logistics, 439, 449

Economic order quantity (EOQ), 284-289, 325



Economies of scale, 70
fixed costs and, 285-290
quantity discounts, 298-309
EDI. See Electronic data interchange (EDI)
EDLP. See Everyday low pricing (EDLP)
Efficiency. See Supply chain efficiency
Electrolux, 514
Electronic data interchange (EDI), 67, 270
Electronics manufacturing service (EMS) providers,
453-455
Electronic waste recycling fee, 516
Emission
direct, 510
reduction, 511, 512. See also Environmental pillar,
of sustainability
Emission pricing, 517-519
cap-and-trade approach to, 518, 519
ceiling, 518
competitiveness, 519
cost of administering, 518
evaluative dimensions, 518-519
floor price, 518
price volatility, 518-519
revenue neutrality, 519
Emissions Trading Scheme (ETS), 508
Emission tax, 508-509
EMS. See Electronics manufacturing service (EMS)
providers
England, Inc., 4041
Enterprise resource planning (ERP), 21, 67
Enterprises, supply chain coordination across, 253
Environmental issues, 47
Environmental pillar, of sustainability, 511-512
emission reduction, 511, 512
product innovation, 511, 512
resource reduction, 511
Environmental Protection Agency, 508
Ericsson, 159
ERP. See Enterprise resource planning (ERP)
Ethan Allen, 23
ETS. See Emissions Trading Scheme (ETS)
European Recycling Platform, 514
European Union (EU), 508
Everyday low pricing (EDLP), 272
high-low pricing vs., 70
Excel, aggregate planning in, 232-236
forecasting errors, 235-236
Excel, normal distribution in, 369-370
Exchange rates, 123-124, 173-174
Exel, 448
Expected shortage per replenishment cycle (ESC),
370-371
Externalities, positive, 124-125

F
Facilities, 56, 59-61
capacity, 60
configuration, 127-128
costs, 85, 126
decisions, components of, 60-61
life span of, 144
location, 60
online business and, 101-102
role in supply chain, 59
sustainability, 513
Facility location, 120, 121
models of. See Models, facility location/capacity
allocation
selection of, 128

Facility-related metrics, 60-61
Facility role, 120
FedEx, 56
Fill rate, 64
replenishment policy and, 334-336
safety inventory and, 334-337
Financial statements
Amazon.com, 52-55
Blue Nile, 118
Macy’s, 80
Nordstrom Inc., 52-55
Seven-Eleven Japan, 74
Tiffany & Co., 118
Walmart, 80
Zale Corporation, 118
Firms
competitive strategy, 126—127
performance, financial measures of, 52-55
supply chain capabilities of, 37-39
Fixed costs, economies of scale exploiting,
285-290
Fixed lease option, 169-170
Fixed ordering cost, 282
Fixed pricing, 70-71
Flexibility
categories of, 161-162. See also specific categories
dual facilities, 245
evaluation, 166-167
global supply chain, 161-162
product, in production processes, 245
time, 245
transportation network, 440
Flexibility strategy, aggregate planning, 225-226
Flexible lease option, 171-172
Flexible production facilities, 60
Flextronics, 57, 122, 155, 454
Floor price, 518. See also Emission pricing
Flow time efficiency, 61
Ford Motor Company, 144, 448
Forecast error, 193
measures of, 194, 204-206
Forecast/forecasting
adaptive, 199-204
aggregate, 191, 194
characteristics of, 191
collaboration and, 215
collaborative, 269
components of, 192-193
demand. See Demand forecasting
error, 68
frequency of update, 68
horizon of, 67
long-term, 191
methods, 192—193. See also specific
methods
objective of, 193
optimal level of product availability and,
386-387
revenue management, 498-499
S&OP process, 253-254
supply chain coordination, 264-265
Forever Young, 187-188
Forward buying, 246
trade promotions and, 310-314
Foxconn, 122, 155
Free trade zones, 123
Freight, 124
Freight Zone, 439, 449
Fuel costs, 124
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Functional cost, minimizing, 44
Functional-focused facility, 60
Funds transfer, 101

G
Gamesa, 123
Gap, 345
Gateway, 25-26, 82, 98-99, 105
General Motors (GM), 55
Globalization
impact on supply chain networks, 154-156
and uncertainty, 46
Global Political Risk Index (GPRI), 124
Global positioning systems (GPS), 439
Global Responsibility Report of 2013, 511
Global Supply Chain Management Forum, Stanford
University, 511
Global supply chains networks
decisions, evaluation of, 165-180
discounted cash flow analysis, 163—-164
evaluation of, 180
globalization and, 154156
offshoring decisions, 156-159
risk management in, 159-163
GPRI. See Global Political Risk Index (GPRI)
GPS. See Global positioning systems (GPS)
Gravity location models, 132-136
Greenhouse gas emissions, 512
Greenhouse Gas Protocol (GHG Protocol), 510
Greenwashing, 512
Grocery industry, online business and, 107-110
Groupon, 99, 502
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Handling cost, 284

Hardin, Garrett, 506-507

Hard infrastructure requirements, 128

Harley-Davidson, 453

Henkel, 274

Hewlett-Packard (HP), 262, 268, 271, 452, 514

High-demand products, inventory of, 246

High-low pricing vs. everyday low pricing strategy,
70

HighMed, 432-435

HighOptic, 136-143

Highways. See Road construction and pricing

Hino Trucks, 159

Hiring constraint, 229

H&M, 511

Hockey stick phenomenon, 309

Holding cost, 282

Holt’s model, 202-203, 210-213

Home Depot, 190, 423

Honda, 46, 60, 156, 160

I
1BM, 454
ICC. See Interstate Commerce Commission (ICC)
Idle time, 61
IKEA, 40, 42, 44, 57, 59, 158, 413, 509, 514
ILSR. See Institute for Local Self-Reliance (ILSR)
Implied demand uncertainty, 37
characteristics of demand, correlation between, 36
customer needs and, 35, 36
demand uncertainty vs., 35
and supply chain responsiveness, 41
Inbound transportation cost, 65, 84
Incentive obstacles, to supply chain coordination,
264
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Incentives
outsourcing and, 471-472
supply chain coordination and, 268-269
tax, 123, 145
Incremental costs, 71
India, retailing in, 16-17
Indirect materials, 474
Inditex, 26-27
Information, 56-57, 65-68
accuracy of, 269-270
decisions, components of, 66—68
online business and, 102
role in supply chain, 65-66
visibility of, 269-270
Information, sustainability, 515
Information aggregation, 449
Information centralization, 346
Information leakage, 452
Information-processing obstacles, to supply chain
coordination, 264-265
Information-related metrics, 67-68
Information sharing, 67
lack of, 265
rationing and, 271-272
Information technology (IT)
in aggregate planning, 237
in forecasting, 214-215
in inventory management, 358-359
in transportation, 439
Infrastructure, transportation, 418421
quasi-market prices, 419, 420-421
Infrastructure factors, and network design decisions,
124
In-house sourcing, 68-69, 447453
In-house transportation, 440
Institute for Local Self-Reliance (ILSR), 512
Intellectual property, 452
Intercept coefficient, 197
Intercompany scope, strategic fit, 45
Interfunctional scope, strategic fit, 44-45
Intergovernmental Panel on Climate Change,
507
Intermodal transportation, 417418
Internal supply chain management (ISCM), 24, 25
Internet, 374. See also Information technology (IT);
Online business
Interstate Commerce Commission (ICC), 418
Intrafunctional scope, strategic fit, 44
In-transit merge, manufacturer storage with,
88-90
Intraoperation scope, strategic fit, 44
Inventory, 56, 61-64. See also Cycle inventory; Safety
inventory
average, 63
costs, 126, 262, 428-435
cycle, 62
decisions, components of, 62-64
level strategy, 226
management of, 246
obsolete, 64
online business and, 101
postponement and, 392-395
quick response, 387-392
role in supply chain, 61-62
safety, 62-63
seasonal, 63
sustainability and, 513-514
tailored postponement and, 396-397
tailored sourcing and, 397-398

Inventory aggregation, 431-435, 447-448

Inventory balance constraints, 229-230

Inventory holding cost, 283-284

Inventory-related metrics, 63-64

Inventory turns, 63

ISCM. See Internal supply chain management (ISCM)
12 Technologies, 452

Jean-Mart, 281-282
John Deere, 244, 246, 247
Johnson Controls, 475

K

Knight, Phil, 457

Kozmo, 17, 94

Kurt Salmon and Associates, 313

L
L. L. Bean, 22-23, 374, 375
Labor cost, 263
Landfill inventory, 514. See also Closed-loop supply
chain
Last-mile delivery
defined, 92
distributor storage with, 92-94
response times for, 94
transportation costs of, 93
Layoff constraint, 229
Leadership in Energy and Environmental Design
(LEED), 512
Lead time, 328-329
replenishment, 266
Lead time, supply, 69
LEED. See Leadership in Energy and Environmental
Design (LEED)
Less than truckload (LTL), 271, 416
Level of product availability, 63
Level strategy, 226
Levi Strauss, 42, 398
Life cycle, product
shrinking, 46
Life-cycle assessment, 513-514
Li & Fung, 65, 454-455
Light-emitting diode (LED) lighting, 505
Linear programming, to aggregate planning, 227-232
Little’s law, 62
Local cost, minimizing, 44
Local optimization, 461
Local optimization, in supply chain coordination, 264
Local presence, and network design decisions,
125-126
Location, of facilities, 60
Logistics costs, and network design decisions, 126
Long-term forecasts, 191
Lost sales, 55
Lot size
capacity constraint, 289-290
customers and, 291-298
multiple products and, 291-298
product, 284-289
production, 289
reducing, 270-271
supply chain coordination and, 265-266, 267
trade promotions and, 311-312
Lot-size-based discount, 267, 298-303
volume discounts vs., 272, 308
LTL. See Less than truckload (LTL)

M
Macroeconomic factors, and network design decisions
demand risk, 123-124
exchange-rate, 123-124
freight, 124
fuel costs, 124
tariffs, 122-123
tax incentives, 123
Macro processes, 24-25
Macy’s, 28-29, 79-80, 328
MAD. See Mean absolute deviation (MAD)
MAGNA International, 455
Magna Steyr, 447
Maintenance, repair, and operations (MRO) suppliers,
27,31
Managerial levers
for profitability, 384-398
for supply chain coordination, 268-272
Mango, 511
Manufacturer-driven one-way substitution, 349-350
Manufacturer storage
with customer pickup, 94-96
with direct shipping, 8688, 89
in-transit merge, 88-90
Manufacturing cost, 262
Manufacturing cycle, 23
MAPE. See Mean absolute percentage error (MAPE)
Marginal unit quantity discounts, 300-303
Maritime transportation, 417
Markdowns, 55
Market allocation, 120
Market growth, 246
Marketing and sales strategy, 32
Markets, splitting, 125
Market share, stealing, 246
Marriott, 496
Master production schedule (MPS), 236-237
Material flow time, 62
Mattel, 457, 460, 461, 467
McMaster-Carr, 27, 31, 32, 39, 44-45, 56, 91, 126,
345, 440, 447, 448, 449, 475, 497
Mean absolute deviation (MAD), 205
Mean absolute percentage error (MAPE), 205
Mean squared error (MSE), 205
Menu pricing, 70-71
Mercedes, 123
Microsoft Excel. See Excel, aggregate planning in
Milk runs
DC shipments, 424
defined, 422
direct shipping with, 422423
Miscellaneous costs, 284
Mix flexibility, 162
Models, facility location/capacity allocation, 128—144
gravity location models, 132-136
network optimization models, 129-132, 136-143
taxes/tariffs/customer requirements, 143—144
Modes, of transportation, 414418
inventory cost trade-off, 428—431
Monitoring service levels, 360
Motorola, 57, 449, 452
Movie rental industry, online business and, 110-112
Moving average method, 200, 210
MPS. See Master production schedule (MPS)
MSE. See Mean squared error (MSE)
Multi-block tariffs. See Marginal unit quantity
discounts
Multiechelon cycle inventory, 314-317
Multiechelon supply chains, and safety inventory, 358



Multifunctional teams, sourcing decisions and,
475-476
Multiple customer segments, pricing and revenue
management for, 482-489
Multiple products
aggregation of, 290-291
capacity constraints and, 398-400
common components across, 246
lot sizing for, 291-298
Mumbai dabbawalas, 427-428
Mutual coercion, 507

N
NAFTA. See North American Free Trade Agreement
(NAFTA)
Near-shoring, 473
Negotiations, principles of, 459—460
Neiman Marcus, 493
Netflix, 47, 49-51, 101, 110-112, 121
Network design decisions
classification of, 120
cultural implications and, 144
factors influencing, 121-126. See also specific
factors
framework for, 126-128
life span of facilities, 144
quality-of-life issues, 145
role of, 120-121
Network optimization models, 129-132, 136-143
capacitated plant location model, 130-132,
137-141
locating plants and warehouses, 141-143
production facilities, demand allocation to,
136-137
New product flexibility, 161
New York Times, 392
Nike, 452, 453, 457, 515
Nintendo, 374
Nissan, 161
Nokia, 159
Nordstrom, 52-55, 87, 327-328, 358-359,
374,385
Normal distribution, 369-370
North American Free Trade Agreement (NAFTA), 122
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Objective, of forecasting, 193
Objective function, aggregate planning, 228-229
Obsolescence cost, 284
Obsolete inventory, 64
Obstacles, to supply chain coordination, 265-266
behavioral, 267-268
incentive, 264
information-processing, 264-265
pricing, 267
Occupancy cost, 284
Ocean Shipping Reform Act of 1998, 417
Ocean Spray, 514
OEM. See Original equipment manufacturer (OEM);
Original equipment manufacturers (OEM)
Off-peak discounting, 496
Offshore decisions
evaluation of, 177-180
uncertainty and, 172—-180
Offshoring, 473. See also Sourcing decisions
and total cost, 156—-159
Omni-channel retailing, 28-29
One-time orders, quantity discounts and,
380-381

Online business
Amazon. See Amazon
and books industry, 105-107
and computer industry, 102-105
example of, 28
failure of, 17
and grocery industry, 107-110
impact, on cost, 101-102
impact, on customer service, 99-101
and movie rental industry, 110-112
Onshore option, 174-177
Onshoring, 473
On-time deliveries, 69
Operational obstacles, to supply chain coordination,
265-266
behavioral, 267-268
incentive, 264
information-processing, 264-265
pricing, 267
Operational performance, supply chain coordination,
270-272
Operation planning. See Sales and operations planning
(S&OP)
Operations, supply chain, 19
Optimal level of product availability, 406-407
factors affecting, 374-384
importance of, 373-374
intermediate evaluation, 407
multiple products under capacity constraints, 398400
overstock from orders, 408—409
overview, 373
profitability, managerial levers for, 384-398
profitability, orders and, 408
spreadsheet simulations, 409-411
Order fill rate, 329
Ordering cost, 284-285
Orders
overstock from, 408-409
pricing strategies, 272
profitability and, 408
size, average, 71
tracking, 88, 94
variability, 68
visibility, 83, 87, 90, 92, 94, 100
Order-up-to level (OUL), 355, 359-360
Original equipment manufacturer (OEM), 92
Original equipment manufacturers (OEM), 453-455
Other costs, 284
Otoriyose-bin, 95
OUL. See Order-up-to level (OUL)
Outbound transportation cost, 65, 84
Outsourced transportation, 440
Outsourcing, 68—69. See also Sourcing decisions
defined, 445
incentives, 471-472
questions addressing, 446
strategic factors, 453
supply chain surplus, 446, 447-453
Overbooking, 493-495
Overstock.com, 385
Overtime labor cost, 228
Overtime limit constraints, 230
Ownership costs, 455
Ownership structure, distribution network design, 112

P

Package carriers, 415
Pactiv Corporation, 14
PAYT (pay as you throw) model, 517
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Peapod, 92, 101-102, 107-110
PeopleExpress, 481
Pepsi, 314
PepsiCo Inc., 18-19
Perfectly negatively correlated demand, 329
Perfectly positively correlated demand, 329
Performance
firms, financial measures of, 52-55
measures, for demand forecasts, 194
network design decisions and, 120-121
online business and, 104, 106, 109, 111-112
supply chain, drivers of. See Drivers, supply chain
performance
Periodicity, 196
Periodic review, 330, 355-358. See also
Replenishment policies
Periodic sales, 71
Perishable assets, revenue management tactics for,
489-495
dynamic pricing, 489-493
overbooking, 493-495
Pipeline, 417
Planning
demand, integration with forecasting, 194
supply chain decision phase, 19
Planning horizon, 223
Plant location, 141-143
Plastic shopping bag, 512
Point-of-sale (POS) data, 269
Policies, transportation, 413, 418-421
Political factors, and network design decisions, 124
Polluter pays principle, 516
Posco, 513
Positive externalities, 124-125
Post-ownership costs, 455
Postponement, 352-354
tailored, 396-397
Predictable-demand products, inventory of, 246
Predictable variability, 243-244
strategic decision and, 253
Price discrimination, 309
Price fluctuations, 267
Price volatility, 518-519
Pricing, 57, 69-71. See also Revenue management
assets, perishable, 489-495
case study, 502-503
contracts, bulk and spot, 496498
decisions, components of, 70-71
and economies of scale, 70
fixed vs. menu, 70-71
multiple customer segments, 482—489
online business and, 101
pipeline, 417
practice of, 498-499
quantifying benefits of, 498
road construction and, 418-419
role in supply chain, 6970
role of, 480-482
sale, 71
seasonal demand, 496
stabilizing orders, 272
supply chain coordination and, 268-269
sustainability and, 515-516
Pricing obstacles, to supply chain coordination, 267
Pricing-related metrics, 71
Processes, supply chain
cycle view of, 20-21
macro, 24-25
push/pull view of, 22-24
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Processing time, 61
Procter & Gamble (P&G), 14, 45, 82, 121,
154-155, 261, 359, 446
Procurement, 69. See also Purchasing
cycle, 21,23
Procurement aggregation, 449
Product availability, 83. See also Optimal level of
product availability
level of, 263
measurement of, 329-330
online business and, 100
safety inventory and, 337-339
Product-based tailored sourcing, 398
Product development strategy, 32
Product fill rate (fr), 329
Product flexibility, in production processes, 245
Product-focused facility, 60

Product innovation, 511, 512. See also Environmental

pillar, of sustainability
Production
cost per unit, 61
lot sizing, 289
Production facilities, demand allocation to,
136-137
Production processes, product flexibility in, 245
Production service level, 61
Product launches
distribution network design, 83, 92, 94
online business, 100
Product life cycle, shrinking, 46
Product portfolio, 101
Products
aggregation of, 290-298
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Information Technology
in a Supply Chain

LEARNING OBJECTIVES
After reading this chapter, you will be able to

1. Understand the importance of information 3. Understand the major applications of
and information technology in a supply supply chain information technology and
chain. the processes that they enable.

2. Know, at a high level, how each supply
chain driver uses information.

nformation is crucial to the performance of a supply chain because it provides the basis on

which supply chain managers make decisions. Information technology consists of the tools

used to gain awareness of information, analyze this information, and execute on it to improve
the performance of the supply chain. In this chapter, we explore the importance of information,
its uses, and the technologies that enable supply chain managers to use information to make bet-
ter decisions.

THE ROLE OF IT IN A SUPPLY CHAIN

Information is a key supply chain driver because it serves as the glue that allows the other supply
chain drivers to work together with the goal of creating an integrated, coordinated supply chain.
Information is crucial to supply chain performance because it provides the foundation on which
supply chain processes execute transactions and managers make decisions. Without information,
a manager cannot know what customers want, how much inventory is in stock, and when more
product should be produced or shipped. In short, information provides supply chain visibility,
allowing managers to make decisions to improve the supply chain’s performance.

IT consists of the hardware, software, and people throughout a supply chain that gather,
analyze, and execute upon information. IT serves as the eyes and ears (and sometimes a por-
tion of the brain) of management in a supply chain, capturing and analyzing the information
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necessary to make a good decision. For instance, an IT system at a manufacturer may show the
finished goods inventory at different stages of the supply chain and also provide the optimal
production plan and level of inventory based on demand and supply information.

Using IT systems to capture and analyze information can have a significant impact on a
firm’s performance. For example, a major manufacturer of computer workstations and servers
found that most of its information on customer demand was not being used to set production
schedules and inventory levels. The manufacturing group lacked this demand information, which
essentially forced it to make inventory and production decisions blindly. By installing a supply
chain software system, the company was able to gather and analyze demand data to produce
recommended stocking levels. Using the IT system enabled the company to cut its inventory in
half, because managers could now make decisions based on customer demand information rather
than manufacturing’s educated guesses. Large impacts such as this underscore the importance of
IT as a driver of supply chain performance.

Auvailability and analysis of information to drive decision making is a key to the success of
a supply chain. Companies that have built their success on the availability and analysis of infor-
mation include Seven-Eleven Japan, Walmart, Amazon, UPS, and Netflix. To support effective
supply chain decisions, information must have the following characteristics:

1. Information must be accurate. Without information that gives a true picture of the state
of the supply chain, it is difficult to make good decisions. That is not to say that all infor-
mation must be 100 percent correct, but rather that the available data paint a picture that is
at least directionally correct.

2. Information must be accessible in a timely manner. Accurate information often exists,
but by the time it becomes available, it is either out of date or it is not in an accessible
form. To make good decisions, a manager needs to have up-to-date information that is
easily accessible.

3. Information must be of the right kind. Decision makers need information that they
can use. Often companies have large amounts of data that are not helpful in making a
decision. Companies must think about what information should be recorded so that
valuable resources are not wasted collecting meaningless data while important data
go unrecorded.

4. Information must be shared. A supply chain can be effective only if all its stakeholders
share a common view of the information that they use to make business decisions. Differ-
ent information with different stakeholders results in misaligned action plans that hurt sup-
ply chain performance.

Information is used when making a wide variety of decisions about each supply chain
driver, as discussed next.

1. Facility. Determining the location, capacity, and schedules of a facility requires informa-
tion on the trade-offs among efficiency and flexibility, demand, exchange rates, taxes, and
so on (see Chapters 4, 5, and 6). Walmart’s suppliers, for instance, use the demand infor-
mation from Walmart’s stores to set their production schedules. Walmart uses demand
information to determine where to place its new stores and cross-docking facilities.

2. Inventory. Setting optimal inventory policies requires information that includes demand
patterns, cost of carrying inventory, costs of stocking out, and costs of ordering (see Chap-
ters 11, 12, and 13). For example, Walmart collects detailed demand, cost, margin, and
supplier information to make these inventory policy decisions.

3. Transportation. Deciding on transportation networks, routings, modes, shipments, and
vendors requires information about costs, customer locations, and shipment sizes to make
good decisions (see Chapter 14). Walmart uses information to tightly integrate its operations
with those of its suppliers. This integration allows Walmart to implement cross-docking in
its transportation network, saving on both inventory and transportation costs.
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4. Sourcing. Information on product margins, prices, quality, delivery lead times, and so on
are all important in making sourcing decisions. Given sourcing deals with inter-enterprise
transactions, a wide range of transactional information must be recorded to execute opera-
tions, even once sourcing decisions have been made.

5. Pricing and revenue management. To set pricing policies, one needs information on
demand, both its volume and various customer segments’ willingness to pay, and on many
supply issues, such as the product margin, lead time, and availability. Using this informa-
tion, firms can make intelligent pricing decisions to improve their supply chain profitability.

In summary, information is crucial to making good supply chain decisions at all three lev-
els of decision making (strategy, planning, and operations) and in each of the other supply chain
drivers (facilities, inventory, transportation, sourcing, and pricing). IT enables not only the gath-
ering of these data to create supply chain visibility, but also the analysis of these data so that the
supply chain decisions made will maximize profitability.

THE SUPPLY CHAIN IT FRAMEWORK

We develop a framework that managers can use to understand the role of IT within the supply
chain. At its core, IT provides access and reporting of supply chain transaction data. More
advanced IT systems then layer on a level of analytics that uses transaction data to proactively
improve supply chain performance. For example, as a baseline, good IT systems will record and
report demand, inventory, and fulfillment information for Amazon. IT systems that provide analyt-
ics then allow Amazon to decide whether to open new distribution centers and how to stock them.

Given that both reporting and analysis require the availability of accurate transaction data,
enterprise software forms the foundation of a supply chain IT system. This is a space that has
matured from the early 1990s to the early 2000s, with SAP and Oracle as the two major players.
During this period, enterprise software providers such as SAP and Oracle worked to extend their
analytics capabilities, while best-of-breed analytics providers such as i2 and Manugistics
attempted to provide transaction level capability. The winners were the enterprise software pro-
viders, and the first decade of the twenty-first century saw significant consolidation across the
industry. We propose that further evolution of supply chain IT can be viewed in the context of the
supply chain macro processes discussed in Chapter 1.

The Supply Chain Macro Processes

The emergence of supply chain management has broadened the scope across which companies
make decisions. This scope has expanded from trying to optimize performance across the divi-
sion, to the enterprise, and now to the entire supply chain. This broadening of scope emphasizes
the importance of including processes all along the supply chain when making decisions. From
an enterprise’s perspective, all processes within its supply chain can be categorized into three
main areas: processes focused downstream, processes focused internally, and processes focused
upstream. We use this classification to define the three macro supply chain processes (see
Chapter 1) as follows:

o Customer relationship management (CRM). Processes that focus on downstream inter-
actions between the enterprise and its customers.

e Internal supply chain management (ISCM). Processes that focus on internal operations
within the enterprise. Note that the software industry commonly calls this supply chain
management (without the word internal), even though the focus is entirely within the enter-
prise. In our definition, supply chain management includes all three macro processes—CRM,
ISCM, and SRM.

o Supplier relationship management (SRM). Processes that focus on upstream interac-
tions between the enterprise and its suppliers.

3
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Transaction Management Foundation
(TMF)

FIGURE 1 The Macro Processes in a Supply Chain

All operation and analytics related to the macro processes rest on the transaction manage-
ment foundation (TMF), which includes basic enterprise resource planning (ERP) systems (and
its components, such as financials and human resources), infrastructure software, and integration
software. TMF software is necessary for the three macro processes to function and to communi-
cate with one another. The relationship between the three macro processes and the transaction
management foundation can be seen in Figure 1.

Why Focus on the Macro Processes?

As the performance of an enterprise becomes more closely linked to the performance of its sup-
ply chain, it is crucial that firms focus on these macro processes. As we have emphasized in this
book, good supply chain management is not a zero-sum game in which one stage of the supply
chain increases profits at the expense of another. Good supply chain management instead
attempts to grow the supply chain surplus, which requires each firm to expand the scope beyond
internal processes and look at the entire supply chain in terms of the three macro processes to
achieve breakthrough performance. A good supply chain coordinates all the macro processes
across all stages. Apple is an example of a company that has coordinated all macro processes to
introduce and sell blockbuster products such as the iPhone. Apple has been very successful in its
interactions with customers not only in designing products that meet their needs but also in oper-
ating Apple retail as a successful and profitable endeavor. All its products are designed in-house
but manufactured by a third party. Despite this, Apple has managed the release of new products
to effectively meet huge demand. Strong coordination across all the macro processes has been
fundamental for the level of success achieved by Apple.
We now discuss each of the macro processes and the role played by IT.

CUSTOMER RELATIONSHIP MANAGEMENT

The CRM macro process consists of processes that take place between an enterprise and its cus-
tomers downstream in the supply chain. The goal of the CRM macro process is to generate cus-
tomer demand and facilitate transmission and tracking of orders. Weakness in this process results
in demand being lost and a poor customer experience because orders are not processed and exe-
cuted effectively. The key processes under CRM are as follows:

* Marketing. Marketing processes involve decisions regarding which customers to target,
how to target customers, what products to offer, how to price products, and how to manage
the actual campaigns that target customers. Good IT systems in the marketing area within
CRM provide analytics that improve the marketing decisions on pricing, product profit-
ability, and customer profitability, among other functions.
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e Sell. The sell process focuses on making an actual sale to a customer (compared to mar-
keting, in which processes are more focused on planning whom to sell to and what to sell).
The sell process includes providing the sales force with the information it needs to make a
sale and then execute the actual sale. Executing the sale may require the salesperson (or the
customer) to build and configure orders by choosing among a variety of options and fea-
tures. The sell process also requires such functionality as the ability to quote due dates and
access information related to a customer order. Good IT systems support sales force auto-
mation, configuration, and personalization to improve the sell process.

e Order management. The process of managing customer orders as they flow through an
enterprise is important for the customer to track an order and for the enterprise to plan and
execute order fulfillment. This process ties together demand from the customer with sup-
ply from the enterprise. Good IT systems enable visibility of orders across the various
stages that an order flows through before reaching the customer.

* Call/service center. A call/service center is often the primary point of contact between a
company and its customers. A call/service center helps customers place orders, suggests
products, solves problems, and provides information on order status. Good IT systems
have helped improve call/service center operations by facilitating and reducing work done
by customer service representatives and by routing customers to representatives who are
best suited to service their request.

Amazon has done an excellent job of using IT to enhance its CRM process. The company
customizes the products presented to suit the individual customer (based on an analysis of cus-
tomer preferences from past history and current clicks). Quick ordering is facilitated by systems
that allow one-click orders. The order is then visible to the customer until it is delivered. In the
rare instances that a customer uses the call center, systems are in place to support a positive expe-
rience, including offering a callback if the call center is heavily loaded.

The five largest CRM software providers in 2012 (as reported by Gartner) were Salesforce.
com (14.0 percent), SAP (12.9 percent), Oracle (11.1 percent), Microsoft (6.3 percent), and IBM
3.6 percent).1

INTERNAL SUPPLY CHAIN MANAGEMENT

ISCM, as we discussed earlier, is focused on operations internal to the enterprise. ISCM includes
all processes involved in planning for and fulfilling a customer order. The various processes
included in ISCM are as follows:

e Strategic planning. This process focuses on the network design of the supply chain. Key
decisions include location and capacity planning of facilities. For more details on strategic
planning decisions, see Chapters 5 and 6.

e Demand planning. Demand planning consists of forecasting demand and analyzing the
impact on demand of demand management tools such as pricing and promotions. For more
discussion of this process, see Chapter 7 on demand forecasting as well as Chapters 9 and
15 on pricing.

e Supply planning. The supply planning process takes as an input the demand forecasts
produced by demand planning and the resources made available by strategic planning, and
then produces an optimal plan to meet this demand. Factory planning and inventory plan-
ning capabilities are typically provided by supply planning software. For more discussion
of this process, see Chapters 8 and 9 on sales and operations planning and Chapters 11 and
12 on inventory management.

lWww.forbes.c0m/sites/louiscolumbus/ZO13/04/26/2013—crm—market—share—update—40—0f—crm—systems—sold—are—sazzls—
based, accessed July 25, 2014.
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* Fulfillment. Once a plan is in place to supply the demand, it must be executed. The ful-
fillment process links each order to a specific supply source and means of transportation.
The software applications that typically fall into the fulfillment segment are transportation
and warehousing management applications. For more discussion of transportation, see
Chapter 14 on transportation.

e Field service. Finally, after the product has been delivered to the customer, it eventually
must be serviced. Service processes focus on setting inventory levels for spare parts as well as
scheduling service calls. Some of the scheduling issues here are handled in a similar manner to
aggregate planning, and the inventory issues are the typical inventory management problems.

Given that the ISCM macro process aims to fulfill demand that is generated by CRM pro-
cesses, strong integration is needed between the ISCM and CRM macro processes. When fore-
casting demand, interaction with CRM is essential, as the CRM applications are touching the
customer and have the most data and insight on customer behavior. Similarly, the ISCM pro-
cesses should have strong integration with the SRM macro process. Supply planning, fulfillment,
and field service are all dependent on suppliers and therefore on the SRM processes. It is of little
use for your factory to have the production capacity to meet demand if your supplier cannot sup-
ply the parts to make your product. Order management, which we discussed under CRM, must
integrate closely with fulfillment and be an input for effective demand planning. Again, extended
supply chain management requires that we integrate across the macro processes.

Successful ISCM software providers have helped improve decision making within ISCM
processes. Good integration with CRM and SRM, however, is still largely inadequate at both the
organizational and software levels. Future opportunities are likely to arise partly in improving
each ISCM process, but even more so in improving integration with CRM and SRM.

The top five ISCM vendors in 2012 (as reported by Gartner) were SAP, Oracle, JDA, Man-
hattan Associates, and Epicor. SAP ($1.721 billion) and Oracle ($1.453 billion) had significantly
higher revenues than the other three ($0.724 billion combined).2

SUPPLIER RELATIONSHIP MANAGEMENT

SRM includes those processes focused on the interaction between the enterprise and suppliers
that are upstream in the supply chain. There is a natural fit between SRM processes and the
ISCM processes, as integrating supplier constraints is crucial when creating internal plans. The
major SRM processes are as follows:

* Design collaboration. This software aims to improve the design of products through col-
laboration between manufacturers and suppliers. The software facilitates the joint selection
(with suppliers) of components that have positive supply chain characteristics such as ease
of manufacturability or commonality across several end products. Other design collabora-
tion activities include the sharing of engineering change orders between a manufacturer
and its suppliers. This eliminates the costly delays that occur when several suppliers are
designing components for the manufacturer’s product concurrently.

* Source. Sourcing software assists in the qualification of suppliers and helps in supplier
selection, contract management, and supplier evaluation. An important objective is to ana-
lyze the amount that an enterprise spends with each supplier, often revealing valuable
trends or areas for improvement. Suppliers are evaluated along several key criteria, includ-
ing lead time, reliability, quality, and price. This evaluation helps improve supplier perfor-
mance and aids in supplier selection. Contract management is also an important part of
sourcing, as many supplier contracts have complex details that must be tracked (such as
volume-related price reductions). Successful software in this area helps analyze supplier
performance and manage contracts.

zWww.mmh.com/artic1e/toijfscm,software,suppliers,ZO1 3, accessed July 25, 2014.
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FIGURE 2 The Macro Processes and Their Associated
Processes

* Negotiate. Negotiations with suppliers involve many steps, starting with a request for
quote (RFQ). The negotiation process may also include the design and execution of auc-
tions. The goal of this process is to negotiate an effective contract that specifies price and
delivery parameters for a supplier in a way that best matches the enterprise’s needs. Suc-
cessful software automates the RFQ process and the execution of auctions.

* Buy. “Buy” software executes the actual procurement of material from suppliers. This
includes the creation, management, and approval of purchase orders. Successful software in
this area automates the procurement process and helps decrease processing cost and time.

e Supply collaboration. Once an agreement for supply is established between the enter-
prise and a supplier, supply chain performance can be improved by collaborating on fore-
casts, production plans, and inventory levels. The goal of collaboration is to ensure a
common plan across the supply chain. Good software in this area should be able to facili-
tate collaborative forecasting and planning in a supply chain.

Significant improvement in supply chain performance can be achieved if SRM processes
are well integrated with appropriate CRM and ISCM processes. For instance, when designing a
product, incorporating input from customers is a natural way to improve the design. This requires
inputs from processes within CRM. Sourcing, negotiating, buying, and collaborating tie primar-
ily into ISCM, as the supplier inputs are needed to produce and execute an optimal plan. How-
ever, even these segments need to interface with CRM processes such as order management.
Again, the theme of integrating the three macro processes is crucial for improved supply chain
performance.

The SRM space is highly fragmented in terms of software providers and not as well defined
as CRM and ISCM. Among the larger players, SAP and Oracle have SRM functionality in their
software. There are many niche players, however, that focus on different aspects of SRM.

All three macro processes and their associated processes can be seen in Figure 2.

THE TRANSACTION MANAGEMENT FOUNDATION

The transaction management foundation is the historical home of the largest enterprise software
players. In the early 1990s, when much of the thinking in supply chain management was just get-
ting off the ground and ERP systems were rapidly gaining popularity, there was little focus on
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the three macro processes we discussed earlier. In fact, there was little emphasis on software
applications focused on improving decisions through analysis. Instead, the focus at that time was
on building transaction management and process automation systems that proved to be the foun-
dation for future decision support applications. These systems excelled at the automation of
simple transactions and processes and the creation of an integrated way to store and view data
across the division (and sometimes the enterprise).

The huge demand for these systems during the 1990s drove the ERP players to become the
largest enterprise software companies. According to Gartner, the top five ERP software vendors
in 2012 were SAP, Oracle, Sage Group, Infor Global Solutions, and Microsoft.?

The real value of the transaction management foundation can be extracted only if decision
making within the supply chain is improved. Thus, most recent growth in enterprise software has
come from companies focused on improving decision making in the three macro processes. This
has set the stage for what we are seeing today and will continue to see in the future—the realign-
ment of the ERP companies into CRM, ISCM, and SRM companies. Already, the majority of
ERP players’ revenue comes from applications in the three macro processes. A major advantage
that ERP players have relative to best-of-breed providers is the inherent ability to integrate across
the three macro process, often through the transaction management foundation. ERP players that
focus on integrating across the macro processes along with developing good functionality in one
or more macro process will continue to occupy a position of strength. The goal of a successful IT
system is ultimately to help coordinate decisions and actions across the supply chain. This can
happen only if IT supports the macro processes to coordinate and run as one rather than as dispa-
rate silos, as shown in Figure 3.

THE FUTURE OF IT IN THE SUPPLY CHAIN

At the highest level, we believe that the three SCM macro processes will continue to drive the
evolution of supply chain IT. Although there is still plenty of room to improve the visibility
and reporting of supply chain information, the relative focus on improved analysis to support
decision making will continue to grow. The following important trends will affect IT in the
supply chain:

1. The growth in cloud and software as a service (SaaS)
2. Increased availability of real-time data

Supply chain visibility, coordinated planning, forecasting, and
replenishment, collaborative product development, coordinated logistics,
coordinated promotions ...

COORDINATION

SILOS () ()

Supplier Our Company Customer

FIGURE 3 The Goal of Supply Chain IT: From Silos to Coordination

3Swww.forbes.com/sites/louiscolumbus/2013/05/12/201 3-erp-market-share-update-sap-solidifies-market-

leadership, accessed on July 25, 2014.
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3. Increased use of mobile technology
4. Increased use of social media

SaaS is defined as software that is owned, delivered, and managed remotely through the cloud.
Salesforce.com is one of the best-known pure SaaS supply chain software providers (in CRM).
Gartner has predicted that SaaS (which made up about 10 percent of the enterprise software market
in 2009) will grow from $13.5 billion in 2011 to $32.8 billion in 2016. CRM will continue to be
the largest sector within Saa$S, forecast to grow at a rate of over 16 percent annually to $9 billion in
2016. Another example is transportation management systems, for which roughly a quarter of the
revenues are from SaaS applications. This shift is likely to occur because SaaS provides lower
startup and maintenance costs compared with applications that are deployed onsite. These factors
are particularly important for small and mid-sized companies. Traditional enterprise software ven-
dors, such as SAP, Oracle, and Microsoft, are increasing the availability of their software using the
SaaS model. Cloud-based solutions fit naturally with supply chain management because they allow
geographically dispersed entities to view common information and make decisions.

The availability of real-time information has exploded in most supply chains. Whereas cur-
rent supply chain software is focused primarily on improving strategy and planning decisions
(often at the corporate level) that are revisited infrequently, significant opportunity exists to
devise software that will use real-time information to help frontline supply chain staff (such as
that in transportation and warehousing) make smarter and faster decisions that are revisited fre-
quently. The opportunity is to design systems that enable rapid insight based on real-time data.
There is significant opportunity in flagging exceptions as well as the use of predictive analytics
to improve the utilization of supply chain assets.

The increased use of mobile technology coupled with real-time information offers some
supply chains an opportunity to better match demand to supply using differential pricing. An
example is an initiative by Groupon called Groupon Now, which offers mobile users deals that
are time and location specific. Businesses can improve profitability by offering deals when busi-
ness is slow at specific locations. Consumers benefit from getting a deal when and where they
want it. Such an approach is likely to be applicable in many supply chain settings.

Mobile technology, along with real-time information, has also allowed improved use of
existing supply chain assets, often at a person-to-person level. The increased use of social media
coupled with mobile technology has the potential to alter supply chains, especially around the last
mile. In Stockholm, Sweden, the DHL supply chain has worked on MyWays, a new model for
last-mile delivery. Through an app available on mobile devices, customers sign up for this deliv-
ery option. MyWays members are notified of the need for delivery and sign up for the delivery if
it is close to a route they normally take—to their college, for example. Once delivery is made, the
member gets credits that can be exchanged for cash. Airbnb and Uber are two examples of com-
panies that have used social media and mobile devices to link individuals to rooms or transporta-
tion. There is a real opportunity in the future to use existing assets (such as a person traveling a
route for MyWays or an idle car for Uber) to make supply chains more effective, as mobile tech-
nology and social media are used to connect the existing asset to the supply chain task at hand.

RISK MANAGEMENT IN IT

Several risks are associated with the use of IT in the supply chain, and the process of adding new
supply chain capabilities with IT can be fraught with danger. The larger the change in the IT
system, the greater is the risk of a negative impact on operations. The more ingrained IT becomes
in companies, the greater is the risk that the firm will not be able to function properly if IT suffers
a major failure. Here we discuss some of the major risks posed by using IT in the supply chain
and some ideas for mitigating these risks.

The major areas of risk in IT can be divided into two broad categories. The first, and
potentially the greater, is the risk involved with installing new IT systems. During the process of
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getting new IT systems running, a firm is forced to transition from the old processes it used in its
operations to the new processes in its IT system. Here, trouble can be found in both business
processes and in technical issues. On the business process side, new IT systems often require
employees to operate according to new processes. These may be difficult to learn, take training
to execute correctly, or may even be resisted outright by employees who prefer the old way of
doing business. Getting the entire organization on board with the changes brought about by a
new IT system is particularly difficult because top management is often not actively involved in
making this transition. In addition to business process adjustments, tremendous technical hur-
dles must be overcome in getting new IT systems operational. The amount of integration that
must take place between disparate systems is often overwhelming. When a firm switches to a
new system without proper integration, the new system is often unable to perform all that was
promised and sometimes even performs worse than the system it replaced. Even when the
employees are bought into the new process and all the technical hurdles are overcome, it is often
a delicate balance to actually make the transition over to the new system.

The second category of risk is that the more a firm relies on IT to make decisions and
execute processes, the higher is the risk that any sort of IT problem, ranging from software
glitches to power outages to viruses, can completely shut down a firm’s operations. These are
serious risks that a firm must plan to face. IT also poses a risk in that it tends to set processes in
stone. Perhaps a system allows a process to be executed only one way; then the firm settles into
a pattern of always doing this process that way. Obviously, there are great efficiency benefits to
this, but the firm also runs the risk that the process is not up to the performance level of its com-
petitors and that its systems make it difficult to change to newer, more effective processes.

Each of the major risk categories has its own mitigation strategies. With regard to implement-
ing IT systems, keep three ideas in mind. The first is to install new IT systems in an incremental
fashion rather than changing all processes at the same time (often referred to as a “big bang”
approach). This allows a firm to limit the damage should things go wrong and to pinpoint problem
areas during the installation process. Second, firms can run duplicate systems to make sure the new
system is performing well. By this, we mean that the firm can keep its old system running at the
same time the new one is running. If the new system runs into trouble or if the results seem too far
off from the old one, the old system can be used, as it still exists. In fact, even before the new
system is actually executing, it can be simulating (in parallel with the existing system) all the
actions it would take. These proposed actions can be monitored to test how the new system will
perform when it is actually activated. Finally, implement only the level of complexity that is needed.
If certain capabilities or added complexities are unnecessary, they should be left out, as they can
often increase the risk of the project without increasing the potential benefits. In essence, we want
to tailor our IT systems to our supply chain needs, with risk reduction being one of those needs.

On the operational side, mitigation strategies include data backup systems, systems run-
ning in parallel in case one should suffer a problem, and a range of security software products
that can help keep a company’s systems safe. In addition, picking systems that have the flexibil-
ity to change if necessary can be important.

SUPPLY CHAIN IT IN PRACTICE

In addition to the sets of practical suggestions for each supply chain macro process discussed
earlier, managers need to keep in mind several general ideas when they are making a decision
regarding supply chain IT.

1. Select an IT system that addresses the company’s key success factors. Every indus-
try, and even companies within an industry, can have different key success factors. By key suc-
cess factors, we mean the two or three elements that really determine whether a company is
going to be successful. It is important to select supply chain IT systems that are able to give a
company an advantage in the areas most crucial to its success. For instance, the ability to set
inventory levels optimally is crucial in the consumer electronics business, in which product life
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cycles are short and inventory becomes obsolete quickly. However, inventory levels are not
nearly as crucial for a chemical company, for which demand is fairly stable and the product has
a long life cycle. For the chemical company, the key to success depends more on utilization of
the production facility. Given these success factors, a consumer electronics company might pick
a package that is strong in setting inventory levels even if it is weak in maximizing utilization of
production capacity. However, the chemical company should choose a different product—one
that excels at maximizing utilization even if its inventory components are not especially strong.

2. Take incremental steps and measure value. Some of the worst IT disasters result
when companies try to implement IT systems in a wide variety of processes at the same time and
end up with their projects being failures. The impact of these failures is amplified by the fact that
many of a company’s processes are tied up in the same debugging cycle all at once, causing
productivity to come to a standstill. One way to help ensure the success of IT projects is to
design them so they have incremental steps. For instance, instead of installing a complete sup-
ply chain system across your company all at once, start first by getting your demand planning
up and running and then move on to supply planning. Along the way, make sure each step is
adding value through increases in the performance of the three macro processes. This incremental
approach does not mean that one should not take a big-picture perspective (in fact, one must
take a big-picture perspective), but rather that the big-picture perspective should be imple-
mented in digestible pieces.

3. Align the level of sophistication with the need for sophistication. Management must
consider the depth to which an IT system deals with the firm’s key success factors. There is a
trade-off between the ease of implementing a system and the system’s level of complexity.
Therefore, it is important to consider just how much sophistication a company needs to achieve
its goals and then to ensure that the system chosen matches that level. Erring on the less sophis-
ticated side leaves the firm with a competitive weakness, whereas trying to be too sophisticated
leads to a higher possibility of the entire system failing.

4. Use IT systems to support decision making, not to make decisions. Although the
software available today can make many supply chain decisions for management, this does not
mean that IT applications can make all the decisions. A mistake companies can make is install-
ing a supply chain system and then reducing the amount of managerial effort it spends on supply
chain issues. Management must keep its focus on the supply chain because as the competitive
and customer landscapes change, there must be corresponding changes in the supply chain.

5. Think about the future. Although it is more difficult to make a decision about an IT
system with the future rather than the present in mind, managers need to include the future state
of the business in the decision process. If trends in a company’s industry indicate that insignifi-
cant characteristics will become crucial in the future, managers must make sure that their IT
choices take these trends into account. As IT systems often last for many more years than origi-
nally planned, managers need to spend time exploring how flexible the systems will be if—or
rather, when—changes are required in the future. This exploration can go so far as to include the
viability of the supply chain software developer itself. If it is unclear whether a company will be
able to get support from a software company in the future, management needs to be sure that the
other advantages of this product outweigh this disadvantage. The key here is to ensure not only
that the software fits a company’s current needs, but also, and even more important, that it will
meet the company’s future needs.

SUMMARY OF LEARNING OBJECTIVES

1. Understand the importance of information and information technology in a supply
chain. Information is essential to making good supply chain decisions because it provides the
broad view needed to make optimal decisions. IT provides the tools to gather this information
and analyze it to make the best supply chain decisions.
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2. Know, at a high level, how each supply chain driver uses information. Each of the
supply chain drivers that we have discussed in previous chapters (facilities, inventory, transporta-
tion, sourcing, and pricing) requires information for decisions to be made. Information is the
factual component on which decisions about each of the other drivers are based. In essence,
information is the glue that holds the entire supply chain together and allows it to function, mak-
ing information the most important supply chain driver.

3. Understand the major applications of supply chain information technology and the
processes that they enable. A company’s supply chain processes can be grouped into three
main macro processes. CRM includes processes that enable interaction between an enterprise
and its customers. ISCM includes processes focused on the internal operations of an enterprise.
SRM includes processes that enable interaction between an enterprise and its suppliers. IT
enables these processes, as well as the integration across these processes. Good IT systems allow
not only the collection of data across the supply chain, but also the analysis of decisions that
maximize supply chain profitability.

Discussion Questions

1. Which processes within each macro process are best suited to
being enabled by IT? Which processes are least suited?

2. What are some advantages of the software as a service (SaaS)
model? Why has it been successful in the CRM space?

3. Why is supply chain management software dominated by the
ERP players, such as SAP and Oracle?
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