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perations management researchers and practitioners face new challenges in integrating issues of

sustainability with their traditional areas of interest. During the past 20 years, there has been
growing pressure on businesses to pay more attention to the environmental and resource consequences
of the products and services they offer and the processes they deploy. One symptom of this pressure is
the movement towards triple bottom line reporting (3BL) concerning the relationship of profit, people,
and the planet. The resulting challenges include integrating environmental, health, and safety concerns
with green-product design, lean and green operations, and closed-loop supply chains. We review these
and other “sustainability” themes covered in the first 50 issues of Production and Operations Management
and conclude with some thoughts on future research challenges in sustainable operations management.
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1. Introduction and Background

The Production and Operations Management Society
(POMS) was created in 1989, and one of its first activ-
ities was to launch Production and Operations Manage-
ment (POM), with the inaugural issue appearing in
1992. POM'’s objectives were ambitious, with an over-
all objective “to improve practice” (Singhal 1992). We
review what the journal has accomplished in its first
50 issues in the context of sustainability. We use the
term sustainability to include environmental manage-
ment, closed-loop supply chains, and a broad perspec-
tive on triple-bottom-line thinking, integrating profit,
people, and the planet into the culture, strategy, and
operations of companies. We start with a brief account
of the trends that have shaped the field of operations
management (OM) in the past two decades and influ-
enced the mission of the journal, POM.

1.2. Innovations in the 1980s and the 1990s: TQM,
JIT, and BPR

POM'’s launching in 1992 came at an auspicious time
for OM, as the 1980s had already underlined the ben-
efits of total quality management (TQM), time-based

competition, and just-in-time operations (JIT), im-
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ported to Europe and North America from Japan.
These philosophies had been refined in the 1960s and
1970s and came to be recognized in Japan as the
backbone of the reconstruction of its postwar econ-
omy. TQM, JIT, and time-based competition provided
both the tools and the elements of the management
systems needed to integrate them with company strat-
egy. The locus of control and methodology of these
tools and management systems was directly associ-
ated with operations. With the growing realization of
the impact of these innovations on customers and
profit, operations began its transformation from a ne-
glected stepsister needed to support marketing and
finance to a cherished handmaiden of value creation.
It was becoming a primary focus of strategic impor-
tance for companies around the world (Hayes, Wheel-
wright, and Clark 1988).

Building on these early innovations, a wave of
change began in the 1990s called business process
reengineering (BPR) (Hammer 1990), which provided
immense benefits to nonmanufacturing processes by
applying the time-based and waste-minimization ef-
forts that TQOM and JIT had applied to manufacturing.
Gradually, this whole evolution came to be known as
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process management, a name that emphasized the
crucial importance of processes in value creation and
management. Process management was given further
impetus by the core-competency movement (Hamel
and Prahalad 1994), which stressed the need for com-
panies to develop technology-based and organiza-
tional competencies that their competitors could not
easily imitate. The confluence of the core-competency
and process management movements caused many of
the past decade’s changes including the unbundling of
value chains, outsourcing, and innovations in con-
tracting and supply chains. People now recognize the
importance of aligning strategy and operations, a no-
tion championed by Skinner (1969, 1996).

1.3. Focus on Product Development and Supply
Chains

As companies developed their core competencies and
included them in their business processes, the tools
and concepts of TQM and JIT were applied to devel-
oping new product development and managing sup-
ply chains, and they typically involved multiple orga-
nizations. Generally, they first incorporated JIT
between suppliers and production units, then moved
to optimized logistics (including efficient consumer
response (ECR)) between producers and distributors,
then to customer relationship management (CRM),
and finally to global fulfillment architecture and risk
management. These supply-chain-focused trends in-
spired similar trends at the corporate level as compa-
nies moved from lean operations to lean enterprises
and now to lean consumption (Womack and Jones
2005). We show in simplified form these trends and
drivers in Figure 1, based on Kleindorfer and Van
Wassenhove (2004). We also show the impact of
emerging sustainable OM.

As we look back on the first 50 issues of POM, we
can see that these trends drive the research published
in POM and its application and integration in com-
pany strategies around the world. The 1980s” intro-

Figure 1 Locus of Value Chain Restructuring 1980-2010.
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duction of TQM and JIT in manufacturing gave rise to
the recognition that the principles of excellence ap-
plied to manufacturing operations could also improve
business processes and that organizations structured
according to process-management principles would
also improve. The combination of these process man-
agement fundamentals, information and communica-
tion technologies, and globalization has provided the
foundations and tools for managing today’s outsourc-
ing, contract manufacturing, and global supply chains.

1.4. Supply Chains as the Business Model

Many successful and innovative companies now for-
mulate their strategies and business models in simple
operational terms (for example, Amazon.com, Dell, Li
and Fung, Southwest Airlines, Toyota, and Zara).
Asked about Zara’s business model, a senior executive
said, “At Zara, the supply chain is the business model.”
OM has moved from a narrow focus on costs to an
appreciation of the customer (service, willingness to pay)
and to a closer scrutiny of assets. OM provides the meth-
ods for analyzing and improving value drivers at the
process level and for measuring and balancing costs,
revenues, and assets. These methods include integrated
financial and operations-driven metric systems, such as
economic value added (Stern and Shiely 2001).

1.5. Sustainability: A Key Element in Supply
Chains

As the new economic order unfolded, people recog-
nized that profits and profitability were only one ele-
ment in the long-term success of companies and the
economies (Hay, Stavins, and Vietor 2005). Also im-
portant are the future of people (internal and external
to companies) and the future of planet Earth. These
new legitimacy concerns are captured in measures
such as the triple bottom line (3BL), the three Ps of
people, profit and the planet, and the goal of maintaining
viable social franchises (the trust of employees, custom-
ers, and the communities) as well as viable economic
franchises (the ability to pay from the cash flows it gen-
erates for capital and other inputs it uses to produce its
outputs). OM is increasingly connected to sustainability,
and it now concerns both the operational drivers of
profitability and their relationship to people and the
planet. The emerging synthesis gives researchers in OM
exciting opportunities to make a difference.

2. Roots and Branches of
Sustainability Theory

2.1. Convergence of Social Needs and
Competitive Advantage

The World Commission on Environment and Devel-

opment (1987) (the Brundtland Commission) defined
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sustainable development as “development that meets
the needs of the present without compromising the
ability of future generations to meet their own needs.”
Criticized by some for its all-encompassing scope, the
sustainability movement has nonetheless gained trac-
tion because of the evident inefficiency of our current
products and production processes in their use of the
planet’s resources. This is as true for the industrialized
countries as it is for the less industrialized ones and
provides huge opportunities for creating new value
(Hart 2005; Prahalad 2004). For example, about one
percent of all material that originates at the top of the
supply chain serving the United States remains in use
six months after sale of the products containing it
(Hawken, Lovins, and Lovins 1999).

Because of these growing concerns, business enter-
prises are under strong pressure to measure their im-
pacts on the environment and to engage in 3BL report-
ing to account for the energy and other resources they
use and the resulting footprint they leave behind.
Primary activities that contribute to their footprint are
producing and transporting current products; recy-
cling, remanufacturing, and reusing used products;
and designing new products. Naturally OM has con-
tributed to measuring and reducing this footprint. The
basic drivers of this movement are evident in Figure 2
below, reproduced from the first special issue of POM
on Environmental and Operations Management (Cor-
bett and Kleindorfer 2001a).

We begin with the people part of 3BL. Employees
need to take pride in their work and need to believe
that their companies operate in a prudent and respon-
sible manner and care about employee health and
safety. Concerning the planet, aligning sustainability
goals with employees and market incentives can be
difficult. Community pressures and the threat of lia-
bility, however, can drive companies to improve their
environmental performance (Snir 2001). Clearly, com-
panies are most likely to improve their environmental

Figure 2 Sustainability and the Extended Supply Chain.
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performance when public pressure results in strong
regulations. Sometimes, companies themselves lobby
for regulations if they have developed an environmen-
tally friendly technology and believe that regulations
requiring their technology would give them a compet-
itive advantage.

Strategy and public-policy experts debate the ulti-
mate cost and benefits of environmental regulations.
Many early discussions about sustainable technolo-
gies focused on trade-offs between sustainability and
economic competitiveness. Parkinson (1990), Porter
(1991), and Makeower (1993) challenged the view that
trade-offs were inevitable. Porter (1991, p. 96) argued
that the “conflict between environmental protection
and economic competitiveness is a false dichotomy
based on a narrow view of the sources of prosperity
and a static view of competition.” He argued that
tough environmental standards can trigger innovation
and upgrading of sustainable technologies, noting:
“Properly constructed regulatory standards, which
aim at outcomes and not methods, will encourage
companies to re-engineer their technology. The result
in many cases is a process that not only pollutes less,
but also lowers costs or improves quality. Processes
will be modified to decrease use of scarce or toxic
resources and to recycle wasted by-products” (Porter
1991, p. 96). Porter and van der Linde (1995a, 1995b)
elaborated on this in two later works (Porter and van
der Linde 1995a, 1995b) linking this view to the con-
cept of resource productivity and to the environment,
innovation, and competitiveness. They used examples
from several companies to show that environmental
improvements can lead to improved process, prod-
ucts, and profits.

Since the early 1990s, this debate on whether syner-
gies exist between profits and sustainable practices
has become muted, primarily because the public has
been largely indifferent to the economic and policy
arguments. Throughout the world, the public and its
political representatives have been demanding im-
proved performance on environmental, health, and
safety issues. The question for companies has become
not whether to commit to a strong environmental,
health, and safety record, but how to do so in the most
cost-effective manner.

We must enlarge our perspective in OM to include
people and the planet because companies will be ex-
pected to do so. We can expect the opportunities to
invest in sustainable technologies, operations, and
supply chains to increase rapidly because of the fol-
lowing factors:

1. The costs of materials and energy will continue to
grow as the world economy expands and as rapidly
industrializing countries, such as China and India,
make strong demands on these resources.

2. Public pressure for environmental, health, and
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safety performance is likely to remain strong, leading
to strengthened property rights, additional regula-
tions, international agreements on controlling nega-
tive externalities and preserving resources, and reduc-
tions in subsidies.

3. Increasing awareness of 3BL issues could in-
crease consumer demand for products made by com-
panies subscribing to 3BL practices.

4. People’s growing antipathy to globalization is
leading to strong non-government organization activ-
ity regarding businesses’ sustainability performance.

2.2. A Dynamic Framework for Pursuing
Sustainability

Facing the call for sustainability, how will businesses
and operating managers respond? Some researchers
published by POM have addressed this question, and
early papers concerning the emergence of OM presage
the current discussion. Hayes (1992) discussed the
emergence of manufacturing in the 1980s as a pillar of
strategy rather than a residual cost center. Hayes and
Wheelwright's (1985) framework for the four stages of
acceptance of the operations function captured its con-
tribution to creating value and strategic success.
Wheelwright and Bowen (1996) developed this idea
further. The four stages progress from “internally neu-
tral” (catch-up or reactive mode) to “externally neu-
tral” (matching but not exceeding industry practice
and standards) to “internally supportive” (setting ap-
propriate priorities to support the business strategy)
to “externally supportive” (providing externally rec-
ognized superior operational capabilities for compet-
itive advantage).

Hart (2005) suggested that we might expect a simi-
lar slow and grudging acceptance of sustainable OM.
While he does not use the term “sustainable OM,” the
evolution he envisages is similar to Hayes and Wheel-
wright’s. We reformulate the Hayes-Wheelwright-Bo-
wen framework in the context of sustainable opera-
tions:

1. The current internal strategies are to improve inter-
nal operations with continuous process improvements
related to sustainability, such as, employee involve-
ment, waste reduction, energy conservation, and
emission control.

2. The current external strategies are to improve ex-
tended supply chains by analyzing upstream supply
chains to make trade-offs in the choice of materials
and processes and pursuing closed-loop supply chains
for remanufacturing and safe disposal.

3. Internal strategies for the future include investing in
capabilities to recover pollution-causing chemicals
during manufacturing, to develop substitutes for non-
renewable inputs, and to redesign products to reduce
their material content and their energy consumption
during manufacturing and use.

4. External strategies for the future include develop-
ing core capabilities in products, processes, and sup-
ply chains for long-term sustainability and pursuing
strategies to facilitate it.

Assuming that corporations follow this framework,
some central OM areas will be reinforced. How par-
ticular companies will evolve will depend on com-
pany- and sector-specific factors. These changes are
already affecting our discipline, as is evident in some
contributions to the first 50 issues of POM.

3. Sustainable OM in the First 50

Issues

Sustainable OM integrates the profit and efficiency
orientation of traditional OM with broader consider-
ations of the company’s internal and external stake-
holders and its environmental impact. The evolution
towards sustainable OM is clear in three areas that
integrate the three Ps of sustainable OM.

1. Green product and process development

2. Lean and green OM

3. Remanufacturing and closed-loop supply chains

Although the focus here is on the first 50 issues of
POM, we also cover work published in other premier
OM journals.

3.1. Green Product and Process Development

3.1.1. Uncertainty, Lead Times, and Investment.
As a company moves to long-range strategies and
moves beyond its own internal opportunities, the
technologies it invests in will involve more money,
longer lead times, and greater uncertainties about ben-
efits and outcomes of development efforts. Whether a
firm invests in sustainable technologies or not, its
competitors may do so. The issues the firm faces are
similar to those it would face in developing any new
technology, particularly those whose development
seems inevitable (Singhal et al. 1987), and it may want
to employ game-theoretic models of technology acqui-
sition (Gaimon 1989).

Product design is often complicated by the uncer-
tainty inherent in the evolution of environmental
trends and regulations; Noori and Chen (2003) devel-
oped a scenario-based method for addressing this un-
certainty while deciding on product and process de-
signs.

3.1.2. First Mover Advantage. The first-mover ad-
vantage for sustainable innovations includes royalties
for licensing technology; development of manufactur-
ing capabilities that a competitor would be unable to
copy or unable to copy quickly; a head start on the
next generation of technologies, including the creation
of proprietary information that would provide com-
petitive advantage. Once the firm develops and mar-
kets a product successfully, learning effects would
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lead to improvements in technology, lower prices,
mass markets, and entry of competitors, similar to the
well-studied case of the impact of short product-de-
velopment cycles in the automotive industry (Wom-
ack, Jones, and Roos 1990). In the case of Toyota’s
hybrid petrol-electric car, Prius, for example, com-
pared to a gasoline powered counterpart, it consumes
half as much gasoline, releases half as much carbon
dioxide, and lowers the release of smog-forming ni-
trogen oxides and hydrocarbons by 90 percent. Its
competitors, such as Ford Motors, General Motors,
Mercedes, and Porsche, which initially focused on a
few sustainable technologies and did not pursue hy-
brid cars, are now rushing to market them, although
the idea of a hybrid car is far from new. Piper, an
American engineer, first proposed it in 1905. Similarly,
when new regulations required a reduction of 90 per-
cent in solvent emissions, 3M simply eliminated the
use of solvents by coating products with water-based
solutions that were safer (Porter and van der Linde
1995b). It gained a first-mover advantage over com-
petitors who followed the same approach several
years later.

3.1.3. Sustainable Product Design. Essential to
developing sustainable products is sustainable design.
The early history of product design is replete with
examples of inefficiency over its total life-cycle. As the
ratio of labor costs to material costs went up, it became
uneconomical to replace or repair most products’ in-
dividual parts, and their designs reflected that. The
solution to most malfunctions or breakdowns was
simply to replace the entire assembly or subassembly.
Manufacturers are now moderating this practice, de-
veloping designs that avoid environmentally hazard-
ous components and make it economically possible to
save components that have high reuse value. Modular
designs increasingly facilitate remanufacturing; auto-
mated diagnosis of problems; and repair or part re-
placements by users, original manufacturers, and
third parties (Chen, Navin-Chandra, and Prinz 1994;
Ferrer and Whybark 2001; Guide and Van Wassen-
hove 2001; Krikke, Bloemhof-Ruwaard, and Van Was-
senhove 2003).

Frameworks for designing conventional products
can be modified for designing green products. For
example, Singhal and Singhal (2002) developed a
framework for analyzing compatibility in modular
product design that is analogous to analyzing compat-
ibility of product designs for recyclability and reuse
(Di Marco, Eubanks; Ishii 1994).

3.1.4. The Impact of Sustainable Design on Sup-
ply Chains. Resources lost in later stages of the sup-
ply chain imply dependent losses also upstream, and
thus downstream savings lead naturally to higher sav-
ings upstream in the supply chain (Lovins, Lovins,

and Hawken 1999). Identifying and managing envi-
ronmental impacts throughout the supply chain is
now a focus of OM research (Reiskin et al. 2000; Cor-
bett and DeCroix 2001; Klassen and Vachon 2003).
Modular design and easy disassembly also facili-
tates disposal. According to the World Future Society
(2005, p. 3), “The u.s. faces a tidal wave of e-waste.
Some three-quarters of all the computers, televisions,
and PDAs ever sold in the u.s. are no longer in use and
await disposal. These devises all contain substantial
amounts of toxic materials and are thus prohibited
from most landfills. Disposal cost estimates already
stand at $50 billion with no clear solution on how
these costs will be covered.” With easy disassembly, it
is economical to remove parts that contain toxic ma-
terials and making the rest of the product acceptable
in landfills. Safe and easy disassembly would amelio-
rate a scourge inflicted on emerging economies as
developed economies dump their toxic waste on such
countries as China and India (Brigden et al. 2005).

3.2. Lean and Green Operations

OM is attempting to use the tools and concepts of lean
operations to add green metrics to the measures of
excellence companies use in evaluating business pro-
cesses. Several POM authors have written about
whether the lean and green approach is evident in
practice, how best to achieve it, and what its net
benefits are.

Corporate Image and Profitability. Mitigating en-
vironmental, health, and safety impacts of a company
is socially responsible and good business. Promoting
environmental care can enhance a company’s and an
industry’s image (Chinander 2001) as shown by chem-
ical industries” adoption of codes of responsible care
and the rapid spread of ISO 14000 (Angell 2001; Cor-
bett and Kirsch 2001, 2004; Vastag 2004). Kassinis and
Soteriou (2003) show that environmental practices in
the hospitality industry enhance profitability by im-
proving customer satisfaction and loyalty.

Synergies between Lean and Green. Improved en-
vironmental, health, and safety performance can aid
plant-level productivity efforts (Klassen 2001) and in-
crease revenues and market share (Delmas 2001, 2004).
To gain these positive results, the firm must establish
management systems and tools that integrate environ-
mental, health, and safety metrics with other process
metrics within the company and across the supply
chain (Bowen et al. 2001). King and Lenox (2001) and
Rothenberg, Pil, and Maxwell (2001) examined the
links between lean manufacturing and green manu-
facturing and found some synergies, but also found
that harvesting them is not simple. People generally
assume that improving quality practices improves en-
vironmental performance. Pil and Rothenberg (2003)



| tapraid4/23z-pom/z3z-pom/z3200405/2320519d05a | mcquaten | S=5 | 3/8/06 | 14:46 | Art: 0519 | Input-17

Kleindorfer, Singhal, and Van Wassenhove: Sustainable Operations Management
Production and Operations Management 14(4), pp. 482-492, © 2005 Production and Operations Management Society 487

suggest that the causality can also work in the other
direction, with improvements in environmental prac-
tices leading to improvements in quality. Sroufe (2003)
analyzed the link between environmental manage-
ment systems, environmental practices, and opera-
tional performance and found that this link is substan-
tially stronger for some practices than for others.

Regulatory Compliance. To comply with regula-
tions, companies must track their use of hazardous
substances and emissions of pollutants. Because reg-
ulatory scrutiny is costly, many companies are going
beyond compliance (XL and 33/50 programs in the
v.s. and other voluntary programs elsewhere; Rothen-
berg, Pil, and Maxwell 2001). By going beyond current
regulations, companies reduce the costs of changing
technologies and operating policies to comply with
new regulations (Woensel, Creten, and Vandaele 2001
and Delmas 2001, 2004).

Liability and Negligence. Another factor driving
companies to improve their environmental perfor-
mance is the risk of being held liable or found negli-
gent for accidents or environmental damage, a risk
they face even when they act prudently and use state-
of-the-art technology. To limit liabilities, many com-
panies implement strict risk-reduction mechanisms,
lowering the levels of pollution, biocides, and toxics
(P, B, and T) associated with their supply chains and
products (Snir 2001; Wolf 2001; Kleindorfer and Saad
2005).

Employee Health and Safety. Similar to commu-
nity concerns, employee health and safety is a key
focus of risk reduction and risk communication initi-
atives (Chinander 2001; Wolf 2001). Employee health
and safety is not limited to company workers or on-
site exposures, but includes all parties in the supply
chain who may be exposed to a company’s product.

Improved Tools and Management Systems for
Better Product and Process Design. To achieve sus-
tainable OM, companies must integrate employee
health and safety metrics with key business processes,
measure results, and obtain the commitment of top
management. They may use life-cycle analysis, gated
DfX screens (where design for X (DfX) includes such
factors as environment, safety, disassembly, and recy-
cling), and eco-logistics to promote sustainable prod-
ucts and supply chains.

Concerning new management systems to promote
employee health and safety excellence and sustainable
industrial practices, the papers in POM’s first 50 issues
have investigated two synergies with OM concepts.
The first is lean production or the process of discov-
ering and eliminating waste that originally focused on
time, quality defects, and excess inventory, but is now
being used effectively to ferret out environmental
wastes (Rothenberg et al. 2001; King and Lennox 2001;

Klassen 2001). The second source of synergy is be-
tween quality and environmental management sys-
tems, focused on the Environmental Management Sys-
tem under the international standards ISO 14000 and
the related Eco-Management and Audit Scheme of the
European Union (Angell 2001; Corbett and Kirsch
2001; Pil and Rothenberg 2003). ISO 14000 began de-
velopment in 1991, after the successful deployment of
ISO 9000 standards, and the aspirations underlying
ISO 14000 were motivated by the experience with ISO
9000. While it is still too early to say whether ISO
14000 and other systemic approaches to managing
employee health and safety impacts are effective in a
3BL sense, there are several promising indicators that
it may (Klassen 2001; King and Lennox 2001; Melnyk
et al. 2003). These include the increasing evidence that
process excellence, as embodied in the ISO 9000 qual-
ity standard, can be a significant aid to discovering
process defects and fixing them. By extension, this
same logic of process excellence appears to apply to
impacts on employee health and safety and their as-
sociated Environmental Management System, and in-
dustrial practice is increasingly reflecting this belief
(Angell 2001; Corbett 2005; Hart 2005).

Several industry-specific studies of sustainable OM
have also appeared in POM'’s first 50 issues. Forestry
managers make extensive use of mathematical models
to optimize harvesting patterns. Caro et al. (2003) dis-
cuss using these models to take environmental regu-
lations into account and quantify their costs and ben-
efits. Flowers and Linderman (2003) consider how to
turn hazardous waste into fuel for cement kilns to
dispose of the waste while respecting air-quality reg-
ulations. Wolf (2001) and Kleindorfer and Saad (2005)
discuss risk methodologies being implemented in the
chemical industry to reduce environment, health, and
safety related accidents and to promote sustainable
operations.

POM'’s first 50 issues show that lean and green are
kin to process excellence.

3.3. Remanufacturing and Closed-Loop Supply
Chains

3.3.1. The Genesis and the Architecture of
Closed-Loop Supply Chains. As profit margins
shrink, product life cycles shorten, and environmental
concerns increase, businesses consider product take-
back. The increasing costs of handling product returns
may offset small profit margins, and short life cycles
may increase the costs of obsolescence. Companies are
increasingly expected, or legally required, to take re-
sponsibility for the entire lives of their products, in-
cluding proper recycling and disposal (e.g., the Euro-
pean Union’s end-of-life vehicle and waste electrical
and electronic equipment directives).
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From a business perspective, the reverse supply
chain begins when the customer returns the product
and ends when the company has recovered the max-
imum value. Product returns can include packaging
returns; recalls and consumer (convenience) returns in
the distribution phase; repairs; and end-of-lease, end-
of-use, and end-of-life returns. Consumer returns may
be unused products, and sellers must put time-sensi-
tive products back on the shelves quickly. PCs lose
one percent of their value per week and become ob-
solete very quickly. Their small margins force compa-
nies to pay attention to the returns process. End-of-use
returns occur, for example, when customers wish to
upgrade to newer versions of the product. A custom-
er’s old machine, say, a copier, may still be in perfect
working order and, when suitably remanufactured,
may start a second life with another customer. End-
of-life products typically land in the waste stream.
While it may be difficult to recover value from them
by reusing modules or components, companies may
recover value by recycling materials or recover energy
through incineration. Waste disposal is increasingly
being regulated and can sometimes be costly. We take
a business perspective on recovery of value through
the reuse of the entire product, some of its modules, or
individual components. We do not pay attention to
the end-of-life recovery of materials or energy, nor to
proper disposal issues. These green supply-chain is-
sues are important, and a separate industry recycles
packaging and other reusable materials, runs waste-
to-energy systems, and designs disposal practices.

Reverse supply chains include used-product acqui-
sition, reverse logistics (moving to reprocessing facil-
ities), inspection and disposition (determining
whether to repair, remanufacture, use of spare parts,
or recycle), remanufacturing, and remarketing (Guide
and Van Wassenhove 2001). Forward and reverse sup-
ply chains form a closed loop when they are managed
in a coordinated way toward the common goal of
maximizing profits. Companies must proactively pur-
sue value from return streams and coordinate forward
and reverse flows, and deal with increased uncertainty
as to timing, quantity, and quality of returns and
poorly developed secondary markets.

3.3.2. A Multidisciplinary Perspective. Research
into closed-loop supply chains (CLSCs) parallels early
research in supply chain management. Early research-
ers focused on the middle part of the process (reverse
logistics, disassembly and testing, and remanufactur-
ing) while paying little attention to product acquisi-
tion and remarketing. Now researchers increasingly
take a broad business process perspective and inte-
grate all steps from product acquisition to remarketing
(Guide and Van Wassenhove 2001). In addition, they
have shifted from a focus on minimizing costs to

creating value. They seek to remove the bottlenecks to
coordinating product returns so that the CLSC be-
comes a profitable business proposition. Researchers
understand the importance of design in improving
products (Debo et al. 2005) and the process (e.g., de-
signing return networks for rapid response; Blackburn
et al. 2004). Designing a profitable CLSC requires care-
ful balancing of product design issues (for example,
product durability), product acquisition (for example,
the collection rate), the cost of the reverse logistics and
remanufacturing processes, and remarketing deci-
sions (such as the length of the product life cycle and
the timing of remanufactured product introduction)
(Geyer, Van Wassenhove, and Atasu 2005).

Early CLSC researchers, focusing on minimizing the
costs of such subprocesses as reverse logistics, product
disassembly, and remanufacturing, made substantial
contributions by using traditional IE/OR modelling.
They viewed CLSC research as a natural extension of
existing OM research. When they focused on less tra-
ditional subproblems, such as product acquisition
(Guide, Teunter, and Van Wassenhove 2003) and re-
marketing (Savaskan, Bhattacharya, and Van Wassen-
hove 2004), and when they looked at the entire pro-
cess, they included other approaches, such as
economic (e.g., game-theoretic) models.

Recently researchers have considered the large stra-
tegic issues associated with CLSCs, building on the
earlier work on managing individual processes to de-
signing entire systems. This has gone from minimiz-
ing costs to creating value and from separate disci-
plines to a multidisciplinary approach. To design
profitable CLSCs, they must understand the underly-
ing accounting issues (for example, valuing recovered
products or components) and the related marketing
issues (for example, how remanufactured products
affect primary markets for those products and how to
price them). OM researchers in CLSCs are driving a
growing interest in such disciplines as accounting and
marketing for studying CLSC problems (Atasu, Sar-
vary, and Van Wassenhove 2005).

3.3.3. The First 50 Issues of POM. Since POM
began in 1992, a strong community of researchers has
developed. For a good introduction to this quickly
growing field, see a managerial book edited by Guide
and Van Wassenhove (2003), a research oriented book
edited by Dekker et al. (2004), and a book with busi-
ness cases edited by Flapper, van Nunen, and Van
Wassenhove (2005).

POM’s first special issue on environmental manage-
ment and operations (Volume 10, Number 2, 2001,
edited by Corbett and Kleindorfer) featured four arti-
cles on CLSCs. Ferrer and Whybark (2001) focused on
MRP for a remanufacturing facility facing uncertain
supply and demand for used products. Fleischmann et
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al. (2001) discussed the use of a location-allocation
mixed-integer linear program to examine the impact
of product recovery on logistics networks. Majumder
and Groenevelt (2001) used game theory to analyze
competition in remanufacturing, i.e., the market side
of the system. Finally, Guide and Van Wassenhove
(2001) advocated a global business process perspective
and provided a framework for analyzing the profit-
ability of reuse. They also highlighted the importance
of upstream product acquisition and downstream re-
marketing problems.

In a subsequent special issue also edited by Corbett
and Kleindorfer (2003), Ketzenberg, Souza, and Guide
(2003) discussed mixed assembly and disassembly op-
erations for remanufacturing. This paper is similar to
Ferrer and Whybark mentioned above in that it also
uses a traditional IE/OR approach (queuing model
and simulation) to tackle a new problem arising from
assembly of new and remanufactured products on the
same line. Recently, Guide and Van Wassenhove
asked 15 CLSC researchers to list 10 most influential
articles in the field. They named three articles pub-
lished in POM (Fleischmann et al. 2001, Guide and
Van Wassenhove 2001, and Majumder and Groenevelt
2001) testifying to its impact on the field. This influ-
ence will continue with the planned publication in
2006 of two special issues on CLSC research being
edited by Guide and Van Wassenhove. They will
show the richness of problems and approaches, as
well as the progress this sub-field has made over the
past decade in terms of relevance, quality, and depth
of research.

3.3.4. Shifting Paradigm and New Opportunities.
In the future, researchers will need to integrate deci-
sions over the life cycle of products. Indeed, for low-
margin, short-life-cycle products it is necessary to
carefully integrate the forward and the reverse supply
chain and to dynamically maximize product recovery
potential over the entire life cycle. For instance, in
many sectors, companies can use convenience returns
from consumers soon after product launch to replace
defective products returned under warranty. That
way, new product manufacturing would not be dis-
rupted. Later in the life cycle, companies should prob-
ably remanufacture and remarket returned products
through secondary market channels. Toward the end
of the product life cycle, they can use returns to supply
spare parts. Such dynamic optimization depends on
designing product and processes carefully and devel-
oping marketing, accounting, and performance-track-
ing tools.

CLSCs foster sustainability. Product recovery and
reuse reduces the damaging effects on environment of
waste disposal, of extracting raw materials, and of
transport and distribution. Closed-loop supply chains

not only increase profits, but also benefit the planet.
Given that recovery operations are typically labour
intensive, CLSC can have a positive effect on employ-
ment, particularly in less industrialized economies.
We expect that closing the loop in supply chains will
change business models. One outcome is the increas-
ing trend toward leasing and installed base manage-
ment, as opposed to selling the product. All this spells
new challenges for OM researchers with interests in
CLSCs.

4. Conclusions and Directions for the

Future
The first 50 issues of POM have contributed substan-
tially to sustainable operations management. OM, in
both research and practice, can and should contribute
to sustainability. In the past, it has been particularly
good at helping us to understand and build dynamic
capabilities, including the following:

* Modeling and measuring action-outcome links;

* Designing and managing processes to achieve
agility, adaptability, and alignment (Lee 2004);

* Executing strategies;

* Integrating, conceptually and operationally, the
many dispersed activities needed to achieve the
goals mentioned above; and

* Building bridges with other functions and disci-
plines, including strong historical links to engi-
neering and, more recently, to economics.

These capabilities may be difficult to develop. OM
as a profession and POMS as a society for the profes-
sion have promoted them and lived them in research,
teaching, and practice. These capabilities are the basis
for a sustainable OM framework that combines the 3
Ps of 3BL thinking at the operational level of business
processes. Indeed, in the spirit of the original Brundt-
land Commission definition of sustainability, we
might define sustainable OM as the set of skills and
concepts that allow a company to structure and man-
age its business processes to obtain competitive re-
turns on its capital assets without sacrificing the legit-
imate needs of internal and external stakeholders and
with due regard for the impact of its operations on
people and the environment.

We are just beginning to understand and map the
territory for sustainable OM. The issue is not “will all
of the things we mention happen in the future?” As in
global warming, we have passed this stage. The ques-
tions are when and how big will the impact be and
how fast will the transition be? As the world changes,
managers must make some tough bets in deciding
how to position their companies for the long-haul on
the sustainable OM spectrum, from internal neglect to
external advantage, from being reactive to proactive
as a company. Whatever their stance, companies need
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time to prepare for the uncharted road, especially if
they want to be pioneers or early adopters.

Sustainable operations management must help
companies to become agile, adaptive, and aligned in
balancing the people and the planet with profits. The
people part is notably absent from OM research to
date; the recent renewed emphasis on behavioral OM
may bring this element back into focus. The integra-
tion of management systems for safety and environ-
mental objectives with ISO 9000, ISO 14000, and other
process management systems (Rosenthal et al. 2006)
indicates the growing recognition of all three Ps in
promoting sustainable operations.

OM builds bridges. First, it is where all other disci-
plines come together as OM plays a central role in
executing a company’s strategy. Second, OM con-
structs bridges with other fields such as economics
and game theory, marketing, finance, and behavioral
sciences. Sustainable operations will need building
further bridges with other fields, such as industrial
ecology. To achieve sustainable operations, which
covers design, life cycle analysis, and so forth, OM
must reinforce its original links with engineering.
These bridging exercises will need new approaches to
the challenges at hand. For example, as Corbett (2005)
suggests, it may be time to look “beyond trade-offs” to
derive solutions that alleviate or avoid traditional
trade-offs and in the process produce better and stron-
ger outcomes for the company as well as for the dis-
cipline.

Once companies accept and embrace sustainability,
they can rely on OM to apply it and integrate it into
the lifeblood of the enterprise and its employees. Fi-
nally, the modelers (the OR-based OM population)
must revisit the classical models to cope with the
people and the planet related issues. For example, one
will have to reformulate the objective function and the
set of constraints in global production-distribution
models in the new context.

We have some hard work ahead of us, but we are a
strong discipline and we have solid foundations, as
shown in the first 50 issues of POM. POMS is well
positioned as a professional society to play a key role,
and the POM Department of Sustainable Operations
and the newly created POMS College for Sustainable
Operations speak to our members’ lively and continu-
ing interest. Let the future begin!
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