


A Boundaries and Flows Perspective

of Green Supply Chain Management

Abstract

Recent years have seen a growth in research related to the environmental and social
concerns associated with industrial supply chains. In this paper we provide a boundaries
and flows framework to further understand the direction and relationship of research in
this emergent and interdisciplinary field. Greening supply chains has become a necessity
as environmental concerns have remained at the forefront of the debate of global and
local social interests. We describe the relationship between the green supply chain
function and other industrial environmental philosophies and practices. Using a generic
systems perspective, we identify nine non-exclusive, interrelated boundaries and five
flows of resources related to green supply chains. Relatively current published research
literature focusing on various aspects of these boundaries and flows is used to describe
accompanying issues. Some general arenas for investigation are also introduced.
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Introduction

Environmental issues within corporate organizational boundaries have been a
concern for decades. These issues have ranged from reactive concerns to legislation and
regulatory pressures to more proactive concerns that include building organizational
competitive advantage and developing a strong corporate environmental image. Greater
importance of inter-organizational relationships has caused organizations to consider
building competitive advantage by management of their supplier and customer
partnerships and networks. This evolution in management and business focus resulted in
development of the supply chain and supply management fields. Even though
management of resources and distribution channels has been wunder scientific
management study since the early days of commerce and business research and
investigation, supply chain topics which include integration and management of the
material, information, human, and capital resources across organizational boundaries is a
relatively recent area of investigation. Much of the early research in general supply chain
management was deconstructive in the sense that specific management and business
functions and fields investigated portions of the supply chain. Supply chain management
sought to integrate marketing customer relationship and distribution management,
logistics and materials management, purchasing and procurement, as well as standard
production and operations management areas. As this field grew, so did the scope of the
topic.

The integration of environmental concerns within supply chain management has
itself evolved into a separate and growing field. There have been hundreds of papers that
have helped this sub-field progress over the past couple of decades. Within the
operations and supply chain management fields, there have been a number of journals
introducing special issues related to green supply chain management topics, which also
have been called sustainable supply chains [1-4]. As the field has matured, reviews of
the literature (of which this paper is an example) have also started to appear, e.g. [5, 6].
Theory and more complete understanding for this inchoate discipline are currently
evolving.

The terminology for the green supply chain management concept (and its many
elements) has had many variations over the years and a comprehensive list includes some
of the following terms:

+ sustainable supply network management [7, 8];

» supply and demand sustainability or corporate social responsibility networks [8,
9]

* supply chain environmental management [10, 11];

+ green purchasing [12] and procurement [13];

« environmental purchasing [14, 15]

« green logistics [16] and environmental logistics [17]

+ sustainable supply chains [4]

To help further the field of green supply chain management we provide a framework
to help appreciate the relationships of the various research streams and topics in this field.
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The recent literature on this topic is not presented in a typology, typical of literature
reviews, but is incorporated into a comprehensive systems-based framework. This
framework utilizes the boundaries and flows of a system to help understand the issues
facing green supply chains and how the literature has addressed these issues.

Systems typically have five elements including inputs, outputs, transformations,
controls and feedback. Another characteristic of systems is that they can be
disaggregated into subsystems or aggregated into suprasystems. Thus, we have many
levels of systems which can be defined by their boundaries and also various flows and
management of these flows through systems as defined by the various elements.

We first provide a brief overview of green supply chain management and its various
elements from an organization’s perspective. The discussion of the recent green supply
chain management literature will touch upon three organizing frameworks. We first relate
some of the literature and concepts of green supply chain management with other
corporate and industrial environmental practices and philosophies. We then present some
major boundary categories that can be used to evaluate and manage green supply chains
and how the literature has discussed these boundary issues. Our review then shifts focus
to various related flows that need to be managed by and within green supply chains and
how the academic literature has introduced these flows into investigation and discussion
of green supply chain management. Building on the issues identified in previous sections
we provide a emergent and outstanding issues in this field that still may be fertile areas
for further development and investigation.

Green Supply Chain Elements

The supply chain can be described from at least four flows and relationships
perspectives, upstream, downstream and internal organizational activities. Figure 1
provides an overview of the various stages, relationships and flows in a supply chain with
an organizational unit at its center.

Figure 1 about here

Upstream activities, flows and relationships would include purchasing and
procurement topics. Included amongst these topics might be outsourcing, vendor
auditing, management and selection, supplier collaboration and supplier development.
The many activities that focus on upstream supply chain management would be
encompassed with the traditional purchasing discipline. Each of these activities can be
expanded to have greening components. For upstream dimensions of the supply chain, as
with activities throughout the other supply chain dimensions, include activities related
transportation and materials movement. Designing the supplier network with its in-
bound logistics may include strategic considerations. Managing more than one tier in the
supply chain would be part of network design and optimization issues.

Internal organizational supply chain activities are generally related to the
traditional production and operations management topics of an organization. Managing
the flows, relationships and resources inside the boundaries of a stand-alone unit or
organization, the enterprise, is the scope of this dimension. Such activities may include
research and design, quality, inventory, materials, and technology management within an
organization could each influence environmental characteristics of internal organizational
processes. These processes could be defined from either a services and manufacturing
perspective that would need to be managed. This portion of the supply chain, under the
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purview of a specifically defined organization or unit, utilizes and transforms the various
upstream flows. As we shall see in our later discussion on boundaries, the definition of
an internal organization may not always be clear.

The next juncture of a supply chain focuses upon the outbound and downstream
relationships and flows. Activities and functions here may include outbound logistics
and transportation, marketing, distribution, packaging, and warehousing. The flows are
utilized by downstream customers who may be commercial or individual consumers.
Some of the greatest pressure for improving environmental performance does flow down
the supply chain. Thus, organizations need to be available to complete similar supply
chain management programs that they would require of their suppliers.

With the ‘closing of the supply chain loop’ supply chain activities have been
extended to include reverse supply chains as well. The idea of closing the loop is that
end-of-life materials will eventually be consumed back into the system with recycling,
remanufacturing, reclamation, and reverse logistics all part of this concept. Even though
the environmental implications of closing the loop are obvious, much of the research in
this area has been parlaying the economic and business benefits associated with the
concept of closing the loop [18]. The closed-loop relationships here may be direct
between the organization, its suppliers and its customers, or internal loops between
suppliers, customers and within the organization.

Relationships to other Corporate Environmental Practices
and Philosophies

Green supply chain management did not evolve alone. There are many corporate
and industrial environmental philosophies and practices that are closely linked to and
support green supply chain management that have also been a focus of significant
research, practice, and application. = As summarized in Figure 2, environmental
management systems (EMS), life cycle analysis (LCA), industrial ecology and symbiosis,
product stewardship and extended producer responsibility, and design for the
environment (DFE) or ecodesign, are all areas of study that may be closely linked to
green supply chain management [19]. We shall identify some of these relationships in
this section with literature that has investigated some of these linkages.

Figure 2 about here

EMS is closely aligned as a complement to green supply chain management. EMS
adopters are engaging their supply chains by instituting procedures to assess their
suppliers’ environmental influences, requiring suppliers to minimize their environmental
impacts, tracking waste in their operating systems, adopting their own EMS, and
informing buyers of ways to minimize their environmental impact [20, 21].

LCA alignment to green supply chain management is improvement, relationships,
and informationally related to the management of products and materials and their
sources and impacts throughout a product’s life cycle [22]. Knowing the source and
impact information of materials and processes for an LCA requires knowledge of the
supply chain’s materials, products and processes and vice versa. LCA is valuable for
optimizing closed-loop supply chains, improving eco-design and product stewardship
initiatives which are also linked to green supply chain management [23].

The industrial ecology concept is also pertinent topic relating to green supply
chain management. Within industrial ecology the concept of industrial symbiosis, or eco-
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industrial parks, is a prime example. Within industrial symbiosis the output waste and
material flows of one organization used as valuable and productive input of another
organization [24, 25]. In a typical organization finding suppliers and customers of these
materials is under the purview of supply chain management professionals. To make an
effective industrial symbiosis relationship, green supply chain management is a
prerequisite [26, 27]. Within industrial symbiosis the goal is to make waste flows into
value adding flows of material, energy and other productive resources.

Product stewardship is the management of a product throughout its life cycle
including its distribution, usage and disposal typically associated with extended producer
responsibility [28]. Even though product stewardship has been variously defined ranging
from environmental to general liability issues management, the role of the supply chain is
also clear. Product stewardship requires that an organization manage its products and
involve members of its supply chain [29].

Eco-design and DFE are related also to involvement of suppliers. It requires an
understanding of the sources, destinations, capabilities, and characteristics of the product
or service. Collaboration and involvement of suppliers in the eco-design process is an
important dimension of a complete DFE program within organizations [30-33].

Green Supply Chains: a Boundaries Perspective

Supply chains consist of and span many boundaries. To effectively manage the
environmental aspects of supply chains, policy makers, organizations, and managers need
to understand various reaches of supply chains and their environmental implications over
these boundaries. Clear boundary definition is a necessary initial step for organizations
who wish to manage their supply chains and may help identify their spheres of influence,
concern, constraints and control [34]. Numerous boundaries exist and could be
determined. Systemically, every boundary can be presented at many levels (layers) of
analysis. Figure 3 shows multiple levels of boundaries ranging from individual (sub-
micro) to global cross-industry supply chain (supra-macro) boundaries. Boundary
determination is important for identifying scope of study for researchers and management
control for practitioners. We present the implications and examples of relationships of
these boundaries to green supply chain management research and publication. In this
paper we introduce nine forms of interrelated boundaries: organizational, proximal,
political, informational, temporal, legal, cultural, economic and technological.

Organizational boundaries

Departments, business units, functional areas, corporate entities, supply chain
memberships are all aspects of organizational boundaries. Not only are these
organizational boundary units, but also of the organization level that is in charge of
management control is also an important issue. Executive, strategic, versus lower level
management, operational levels of control is one aspect of level. Another aspect is
whether there is centralized or decentralized control of the supply chain. This boundary
also relates to level of management and scope of control of management. In supply chain
management the organizational boundary internally may be limiting the possibilities of
greening the supply chain due to lack of cross-functional relationships [35-37]. From a
level of management control perspective there are also implications for greening supply
chains. For example, if it is a one-to-one individual (operational level) commodity
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relationship, the possibilities of greening a supply chain may be severely limiting. These
non-strategic lower level relationships would only have minimal requirements in an
environmental supply chain program, such as a basic requirement of ISO 14000
certification to ‘prove’ greenness [38].

Proximal Boundaries

These boundaries include determination of physical and geographical location
considerations and dimensions that need to be considered in green supply chain
management research and management. Physical distance represents one of the
dimensions on whether the evaluation should be local, regional, or global. The
geographical and physical boundaries may also be determined by the feasibility to
actually monitor, control, and overall manage the supply chain over these distances.
Facility location and partnership development will be influenced by the geographical
constraints associated with managing transportation environmental influences [39]. To
be able to control suppliers it is usually much easier to manage those that are in close
proximity. Decisions such as locating suppliers within the organizational facilities
through programs such as vendor managed inventory will have environmental
implications [40]. With vendor managed inventory suppliers are physically located at the
organizational facility. There are implications ranging from easier supplier involvement
in eco-design efforts to liability concerns with suppliers possibly managing hazardous
materials on-site. The influence of just-in-time (JIT) delivery and management
philosophies are also on the environment can be associated to physical distance and
geographical factors. The influence of JIT practices has shown variations in
environmental implications, sometimes with improved, sometimes with worse influence
[41]. These impacts can be partially explained through physical location distances
between buyer-and supplier.

Political Boundaries

Institutional rules and regulations differ across various political boundaries. Sometimes
the supply chain and its environmental sustainability may be influenced and limited by
political boundaries which could be at national, regional, local or varying governmental
levels. Country level analyses characteristics that utilize political boundaries have shown
that the relationships between country level supply chain strength and environmental
performance are highly related [42]. Although, the cross-country evaluation of
environmental supply chain practices is still relatively rare with some exceptions [42, 43].
Many times these comparisons are focused on the legislative and regulatory differences
that exist. The various policy and regulatory regimes across countries may serve as either
barriers or enablers to greening the supply chain with such policies as requiring green
purchasing by government and public agencies [44]. Supply chains may also be used to
effectively incorporate environmental practices regions with varying policies (diffusion
of innovation) or in an opposite direction reduce environmental concern due to these
policies (pollution havens). Studies have shown that even over great political distances
organizations can control their supply chains such that a ‘leveling affect’” may occur
instead of a ‘race to the bottom’ result from the pollution haven hypothesis [45, 46].
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Informational Boundaries

Sometimes there are limits to the availability of information and also on the proprietary
aspects (security, competitive advantage, etc.) aspects of information. Virtual boundaries
may exist into the sharing of information, but also there are issues of the actual
availability of information, where no easily available information may exist after a
certain point in the supply chain. This boundary of information availability has been
even been more difficult within the supply chains as the dynamics of new information
increases [47]. Informational dynamics arises from new product and materials
development, new process introduction, and regulatory changes, to name a few.
Organizations need to not only be aware of environmental implications of their processes
and operations but also their supplier processes and operations. Continuous new
information is required. Much of this environmental information is based on LCA tools
and similar data development and monitoring. Even though dynamic temporal
considerations, which are discussed as the next boundary, are usually not included in
LCA information [48]. Sometimes information boundaries are artificially and
purposively developed. Supplier firms may find it advantageous not to fully provide
information to their buyers for competitive reasons. Sometimes suppliers find that
information asymmetry may provide them advantages and thus may not be willing to
share environmental information [49]. Sometimes other distances and boundaries, such
as physical and cultural barriers and boundaries increase environmental information
asymmetry[50].

Knowledge and learning management activities are also critical in
determining, defining, and expanding informational boundaries. Collaborative
supply chains are noted for knowledge-sharing activities, such as workshops and
seminars which can help in supplier training efforts in environmental issues [51].
Lack of knowledge, and information, sharing between upstream and
downstream partners has been acknowledged as major impediments to adoption
of practices and technology [52].

Temporal boundaries

Organizational environmental responsibility for a product, material, by-product or waste
that flows through and from a system may be defined by time boundaries. Whether the
dimension of time is short (minutes, days) or longer (years, decades, centuries) it will
influence environmental supply chain management. The issue with time boundaries is
that they may go in more than one dimension and level. Environmental risks and impacts
may not only be associated with future actions, but also with past actions (for example,
potential superfund liabilities) and organizations and supply chains need to be cognizant
of this spectrum. In terms of levels of boundaries these actions and impacts may be short
term (fleeting) or long term this timing impact characteristic is valuable for managing
product the supply chain [53]. Within management the temporal dimension also relates
to the level of organizational analysis (and boundaries) that may be required. Short-term
time impacts and planning of environmental supply chain are typically associated with
operational organizational management, while long-term impacts and planning are
typically associated with strategic organizational management [54, 55]. Another
important aspect of short-term versus long-term management issues within environmental
supply chain management include length of collaboration, relationships and contracting
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between partners [56-58]. Supply chain relationships that focus on the short term would
typically have lower levels of management scrutiny. Longer, strategic partnerships will
require significantly greater management and concern for supply chain managers as
upper level managers become more involved in the decision making process.

Legal Boundaries

Legal boundaries set the stage for a ‘deep pockets’ situation. A basic question asked of
the supply chain is at what point are we no longer liable for the product or material in the
supply chain and its consequences? Also related to this boundary may be a ‘moral’ or
‘ethical’ boundary. At what point in the supply chain is an organization no longer
responsible from a legal, ethical, moral values perspective? As a legal example,
Superfund regulations require that potentially responsible parties be determined and this
determination will also focus on the supply chain. In fact, this law even allows for
partner firms in the supply chain to form indemnification agreements shifting
responsibility [59]. From a moral and ethical boundary perspective, the depth of the
supply chain influences should also be defined. Some would argue that companies such
as WalMart are morally responsible for ocean biodiversity because they purchase seafood
from distributors who purchase from fish farms that practice unsustainable fisheries. Yet,
a smaller company, whose resources are limited and markets extensive may not be
considered morally responsible in this supply chain. To help address such issues, the use
of information and supply chain practices may help further define the moral and legal
boundaries of supply chain decisions. The practice of sending out environmental supplier
evaluation forms, and then storing this data within the organization, may develop into a
ritualized practice that guards against ‘moral liabilities’ emanating from the supply chain
[60]. Even though significant environmental liability and reputational risks affecting
legal and moral boundaries that occur in the supply chain, these boundary dimensions
have been sparsely investigated. Alternatively, the legal boundary is purposively limited
by some organizations who may not wish to expand any boundaries that extend the legal
boundaries associated with the environment. That is, some companies worry about
assuming legal liability for their suppliers’ environmental problems, and would rather not
be aware of suppliers’ environmental situations to limit their liability [40].

Cultural Boundaries

Cultural boundaries that determine the type of management capabilities and control
existing may also be based on social and cultural dimensions. A simple example of this
type of boundary may be related to communication, and more specifically language,
barriers with suppliers. There may be issues of trust, acceptance, and numerous other
cultural differences that may cause these boundaries to exist within a supply chain.
These cultural differences may be at the international level [43], or at individual, group,
and organizational levels [61]. The boundaries of the supply chain analysis and
management control may expand or contract depending on whether cultural barriers exist.
For example, organizational cultures that are non-egalitarian and focused on economic
bottom-line issues, may not be included into the environmental analysis of the supply
chain due to a non-receptive corporate culture. Cross-cultural research may provide
some insight into the way supply chains function in multicultural situations [62].
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A significant element of the cultural boundaries dimension is values, norms, and mores
sharing. These cultural boundaries also occur at varying scopes. For example, individual
belief systems, whether they are upper management or shop-floor employee, play a
significant role in greening organizations and their supply chains [63, 64]. Understanding
internal organizational individual beliefs is important for managing the green supply
chain, but with green consumerism and marketing playing a large role the behaviors and
beliefs of individual consumers also plays an important role as an external stakeholder
driver [65].

One aspect of management of the cultural beliefs and ethics in global supply chains are
standardization efforts on environmental and ethical beliefs and practices [66]. The
existence of international standards such as [ISO 14000 and ISO 26000, for example, may
require subsidiaries and partners to follow expected social and environmental practices
[67]. It is expected that these practices will extend cultural boundaries where conflicts
can be mitigated through these standards. Care should be taken, since ethical issues
related to imposing value (environmental or social) standards on other cultures do arise,
whether it is through standards or coercive supply chain pressures [66].

Economic Boundaries

Economic boundaries are exemplified through fiduciary and financial responsibilities of
the entity. A basic question with this boundary is at what point it no longer becomes
economically feasible for an organization to manage the supply chain in an
environmentally responsible way. This issue relates to financial flows within the supply
chain as well. Regulatory boundaries may also play a role in the economic boundaries
for organizations. For example extended producer responsibility regulations typically
make the original equipment manufacturer economically responsible for the whole life of
a product [68, 69]. We have already mentioned the issue of potentially responsible
parties that focus on the legal boundaries, which may also define the economic
boundaries of fines and penalties associated with poor environmental supply chain
practices related to these practices for which an organization may only be peripherally
responsible.

Even though there are economic costs that may be encountered, there are also
economic benefits and savings that may occur across the supply chain from effective
environmental practices [70]. The boundary of recipients of these benefits and how they
are accrued may be an important dimension for acquiring buy-in for environmental
activities from supply chain partners. That is, if benefits and costs are shared across the
supply chain, then it is more likely that the adoption of environmental practices will
occur. A difficulty arises in determining who deserves what share of the costs and
benefits and how the cost accounting is to be completed not only internal to the
organization, but across organizations [71]. Thus, the need to complete a total cost
analysis integrating the many tangible and intangible costs and benefits associated with
environmental practices needs to be extended from management of internal operations to
the supply chain [72]. Some initial effort to help model and apply this approach has
utilized the value stream map as a technique. This approach adapts model material flow
of both parts and packages and an integrated material flow analysis for cost analysis
along with other life cycle analysis tools [73]. But even this tool is based on the level of
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organizational control (boundary) as determined by operations managers. This shows the
situation where the financial boundaries (as other boundaries) may be limited by
organizational and other boundaries.

Another promising tool linking product and process to the management of costs
and benefits in an environmental setting are activity based management and costing
approaches [74]. The expansion of this approach to environmental issues along the
supply chain has occurred from a reverse logistics perspective for managing and
justifying projects, products and partners [75, 76]. Even though they do not include
multiple supply chain members explicitly, the separation of activities and analysis can
cross organizational boundaries. Yet, the practical application of such tools would be
difficult if the systems for cost information acquisition and determination (e.g. inter-
organizational cost management systems) are not in place.

Technological Boundaries

Sometimes the technological infrastructure, which may include information, process,
product, or organizational support technology [30], does not make it feasible for an
organization to manage a green supply chain. Thus, technological boundaries based on
the range of particular technologies or incompatible technologies for managing green
supply chains.  Pollution-prevention or end-of-pipe technology categorizations of
technology [77] also provide implications for boundary identification. Within the supply
chain, prevention technology is more likely to be prevalent due to the requirement of
extending the technological boundary throughout the supply chain. It should be
recognized that even end-of-pipe technology for one organization may be prevention for
another organization downstream in the supply chain. Thus, these types of technologies
and where they occur within the supply chain may help to identify technological
boundaries.

One determinate of the scope of a technological boundary may be partnership
intimacy within the supply chain. Greater intimacy may require a larger boundary where
technologies are compatible and available. Industrial customers may require suppliers to
implement specific technologies, e.g. organizational and design environmental
technologies such as EMS and DFE, to help expand the technological capability
boundaries and minimize various transactions hazards [78]. Much of the technological
environmental innovation has tended to occur in upstream portions of the supply chain
due to many of these pressures from industrial customers in the supply chain [79].

Expanding the clean technology boundaries through the supply chain has also
occurred through governmental practices and policies. The British government’s Energy-
Efficiency Best Practice campaign, the United States Environmental Protection Agency’s
(US EPA) Environmental Technology Best Practice program, and the Korean
government’s Supply Chain Environmental Management (SCEM) initiative are all
examples of diffusing ‘best practice’ technology to smaller manufacturers and supply
chains [80]. These adoption framework and supply chain partnership determinants for
environmental technology (and practice) adoption can be categorized along a monitoring
(coercive requirements) to collaborative (closer intimacy) spectrum [51].

It has been argued that as environmental initiatives in organizations mature,
similar to maturation of quality initiatives, the horizons and boundaries for management
concern will continue to expand [81]. Also there are many interrelationships amongst
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these boundaries. Thus, for example, a product’s environmental concern for an
organization may be focused initially on the engineering and design function within an
organization (limited organizational boundary), for only one week (limited time
boundary) and only effecting users in specific local market (limited promixal boundary).
As a company gathers information (expanding the informational boundary) and starts
trying to market in other states or countries (expanding legal, cultural, and political
boundaries) the extensions in boundaries may be likely to occur. Thus, one major
observation is that if one management boundary expands, its sphere of control and
influence with respect to other boundaries will tend to increase. Similar to energy
entropy as corporate environmental management and supply chain management mature,
boundaries will expand.

In figure 4, we show the variety of boundaries discussed in this section. Note that
each boundary may be of differing scope and also of certainty/importance (the outline of
a boundary). We have also shown in this figure the various flows within the supply chain
that run through these boundaries. We now consider these flows and their relationships
to green supply chains.

Figure 4 about here

Supply Chain Flows

Similar to boundaries issues related to various flows within the green supply chains also
influence how they are managed and perceived. As shown in Figure xx, we identify five
flows, materials, services, financial, information and knowledge, and waste flows. These
flows may also have different scale levels, and thus, are directly related to the boundaries
that envelop them or through which they flow. The types of flows, their purpose, and
how they are managed may also differ depending on the boundary context. For example,
materials flows from an organizational boundaries perspective would require that
materials be cooperatively agreed upon by managers and designers, and from a proximal
perspective the decisions on where they are designated to be located and stored. Another
example would be information flows where legal requirements have them managing the
information so they can be reported to customers, while information related to
environmental costs may only be of concern to an operations manager or environmental
department. We now provide an overview of the different flows and some relationships
and studies on green supply chain.

Materials Flows

Materials flows are typical physical flows associated with supply chains and may include
parts, components, raw materials or finished goods. Much of the research in supply chain
management has focused on the management of tangible durable goods. One of the basic
tools is material flow analysis which has been recommended for evaluating an integrated
environmental supply chain [82]. The environmental aspects of these flows are well
documented in and between organizations and have implications on all forms of
environmental media implications ranging from solid waste management, resource
productivity, dematerialisation and climate change issues [83]. Some recent research has
proposed that material flow analysis be a core aspect of managing supplier environmental
relationships [84].
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Service Flows

These flows represent more intangible flows of services amongst organizations. Example
service flows would be utilities and transportation services offered to organizations.
Some of the service flows from these two industries are major contributors to the major
environmental concerns facing the world, climate change, and are critical elements of the
supply chain [85]. Since we incorporate utilities into this flow, we could include energy
service and critical water flows, albeit water may also be a physical material flow.
Energy services in the supply chain are essentially pertinent since they are grouped at
levels of importance similar to material flows and are also critical flows for service
industries [86]. In fact, the energy service providers have greatly increased in importance
amongst supply chains as deregulation (especially in the US) has seen increased growth
since the early 1990’s [87] . Services may include many supporting activities that may
not be completely carried out by the organization or require specific materials.
Information and financial services may also fall within this scope for industrial and retail
level consumption. This more generic service industry has seen little research in the
green supply chain management literature, except for some hospitality and tourism
service industry perspectives [57].

Within the supply chain, the shift to dematerialization could be enhanced with
servicizing materials flows [88]. Servicizing, also defined as product-service systems
[89], is essentially the process of selling services rather products or materials to
organizations. One example of this is in Xerox’s strategy to offer a service, document
management, for its copiers by leasing them rather than selling them. It provided a
leasing service of a product which was taken back and reclaimed after lease expiration.
In a servicizing relationship, both the buyer and the supplier wish to decrease material
usage, where cost savings can be shared.

Another aspect of service flows are those services provided by nature and include
the following ecosystem service categories [90, 91]: provisioning such as the production
of food and water; regulating, such as the control of climate and disease; supporting, such
as nutrient cycles and crop pollination; cultural, such as spiritual and recreational
benefits; and preserving, which includes guarding against uncertainty through the
maintenance of diversity. Managing these service flows may or may not be under the
control of a man-made supply chain, but certainly have some relationships to all supply
chains.

Financial Flows

Financial flows are primarily the flow of capital (money) across the supply chain. These
flows are critical to the management of supply chain practices. The environmental
implications of these flows are mostly associated with the funding of practices and
service/material flows which may cause environmental damage and consumption [92].
The management of these flows can have profound environmental implications (for
example financial institutions may not lend due to environmental risks associated with
certain organizational projects). Tools integrating the financial flows into supply chain
management have relied on standard accounting tools such as activity based costing [93].
Financial flow evaluation and analysis integrated into environmental supply chain
management has been very limited. As the recent world financial crisis shows, financial
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systems will greatly regulate the amount of material flows and requirements for all
supply chains.

One of the missing links in evaluating financial (capital) flows is the integration
of nature’s capital into the evaluation of supply chain economics [94]. Integration of
nature’s services into supply chains’ financial flows analyses can provide significantly
more accurate perspectives on the influence of environmental supply chain management
practices of organizations. The difficulty arises from the various assumptions that have
to be made for such a flow. Valuation of environmental resources is certainly a
mystifying exercise with significant variances in estimations.

Information Flows

Information and knowledge flows are also one of the critical management aspects of
green supply chain management [95]. Much of the environmental information within the
supply chain can be related to product life cycles and LCA type analyses [96].
Operations across the supply chain can also benefit the environment just with regular
information. Some of these benefits can be tied to the principle of information
substitution, having accurate information about material and goods that replace the need
to hold durable material and goods. Information substitution can greatly reduce the
amount of energy, transportation, and material inventory in the supply chain [97]. With
the advent of e-commerce and inter-organizational information systems within the supply
chain, information substitution along the supply chain will have significant
environmentally beneficial influence [98, 99].

Knowledge flows arise from having knowledge of environmental policies,
technology, practices, and programs that can be shared across the supply chain. Not only
are operations effected by knowledge, but supply chain innovation is also influenced.
Innovation builds on and requires knowledge, knowledge generation, and knowledge
exchange. Innovation from knowledge flows are especially pertinent to smaller
organizations within the supply chains who typically lack the knowledge resources
related to environmental actions for their operations [100]. Environmentally oriented
organizational and inter-organizational learning is also dependent on effective knowledge
flows through training and continuous improvement programs and supply chain
collaboration [57, 101]

Information is not only critical for internal supply chain management operations,
but can be a very effective regulatory tool which may cause organizations to reevaluate
their supply chain processes [102]. That is, environmental information flows may be
used to provide certain public images of the supply chain and its members. Having this
information made public can cause significant pressures from external stakeholders on
the overall supply chain to improve environmental and social performance [103]. Recent
research has shown that within the supply chain, information will have varying impacts
and will be used in different ways by supply chain members. Overall, these differences
in application and sharing of information and management of environmental information
flows i1s based on a variety of factors including expected costs or expected
revenues/benefits related to environmental improvements, perception of external
stakeholder demand, perception of supplier relationship (from the perspective of the
supply chain manager) and top-management environmental commitment [104].
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Waste Flows

We could consider waste flows as an element of all the previous flows which does not
necessarily have social (environmental) or economic benefit, non-value adding, to the
unit under consideration. These waste flows cause greater costs to occur and may require
separate programs to minimize them. For example, lean and green typically focus on
minimizing waste and inefficiency within supply chains [105]. Thus the management of
this flow will also be critical, and may be separated within a supply chain. From a
broader informational and industrial symbiosis perspective, waste exchanges between
organizations can alter the waste flows into useful material flows and have been applied
to disparate materials and flows such as water [106], construction material [107-109],
plastics [108], electronic products [78] and energy [110]. These waste exchange
networks and flows not only can span inter and intra-organizational boundaries, but also
across informational boundaries as the waste exchanges become more available through
information and e-commerce systems [39, 111].

The other aspect of waste flows is that of end-of-life management or products and
the type of disposal that should be completed. There are issues with landfilling,
incineration and returning materials back into the supply chain. Within the landfilling
and incineration debate, the type of material may determine which is more economically
and environmentally feasible [112]. Rather than disposal of these wastes, recycling and
reverse logistics network flows can be designed to manage these streams. Thus, as with
any systems decisions, many variables will come into play before a clear-cut solution is
available and decisions on managing these waste flows will range from individual
consumer level to broad governmental policies [113].

Arenas for Investigation

Investigating green supply chain management interaction with specific industrial
environmental practices, the role of specific boundaries, or the role of specific flows are
all areas of investigation. We will not delve into discussion of investigation into these
specific areas, but consider issues for investigation amongst general and multiple
dimensions of green supply chain management, industrial environmental practices,
boundaries, and flows.

Interdependency Issues

The interaction and effectiveness of green supply chain management through the joint
adoption of other environmental practices such as environmental management systems
and ecodesign will be influenced by the type of boundaries that are limiting the scope of
these practices. For example, stringent informational boundaries and limitations, may
seriously undermine the effectiveness of ecodesign practices, even when all departments
and organizations in a supply chain feel that organizationally and culturally they are
ready. Thus, determining critical boundaries and flows needed for joint effective
implementation of green supply chain is needed. Yet, determination of what is or isn’t a
critical boundary or flow, is not necessarily trivial. Thus, scales and metrics development
for boundary identification and flow determination is needed just to begin this
investigation.
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Theory Application and Development

Antecedent organizational theories to help explain the relative relationships and potential
performance that do or may exist among the various dimensions introduced in this paper
may be utilized. For example, Institutional theory would posit that boundaries will be
extended and practices integrated due to various external isomorphic environmental
pressures [114]. A resource-based view of the firm would state that development of
internal capabilities and resources [20] would assist in extending the scope of flows and
boundaries. Formality, level of control, and centrality, all part of coordination theory
[115], can be used to identify environmentally-oriented boundary limitations and flow
requirements between supply chain entities. The transaction cost and resource
dependence literature suggests that firms are more likely to vertically integrate in the
event of uncertainty and to reduce economic hazards [78, 116, 117], thus boundaries and
flows with greater uncertainty may actually cause the boundaries to become more
formalized to help reduce these risks. Ecological modernization theory [118, 119] which
arises from the policy literature, also can be used to help identify various boundary
relationships and the management of flows. Particular to this theory is its linkage to
environmental and economic (boundary) performance through technology (technological
boundaries) and innovation (knowledge boundaries). Finally, stakeholder theory, where
internal and stakeholder influences play a significant role in management decisions, may
also provide ample opportunity to understand and manage boundaries and flows within
the green supply chain [120-122]. These theories and possible explanatory relationships
and events may all lead to various propositions. We do not take that next step in this
paper, but research agendas around these initial general observations can be developed.

These exemplary theories that have been used to investigate supply chain and more
specifically green supply chain management are only starting to be investigated in these
realms. The development and testing of alternate theories from marketing, operations,
policy, and environmental fields will also provide insights. Eventually, green supply
chain theory may be developed as the field continues to mature.

Green Supply to Green Demand

A significant amount of research in production and supply of green products, materials,
and services has occurred throughout the world. Yet, the other dimension of this topic,
some may call a dichotomy, albeit a false one, is that of sustainable and green
consumption. Much of the focus on green supply chain management is focused on
business and industry, whose goal is to maximize sales and profits. —Changing
consumption patterns to be more sustainable and green is a relatively difficult
paradigmatic perspective for businesses who may not have the wherewithal or tools to
accomplish this task [123, 124]. As an example of the paucity of applying tools and
defining consumption boundaries and flows, the application of LCA in sustainable
consumption is lacking, if not non-existent [125]. Traditional industrial LCA and green
supply chain management are not focusing on the issues facing consumption. We have
included, within the supply chain definition, downstream activities such as green
marketing. Support for utilization of green and social marketing by businesses to reduce
consumption has been voiced [126, 127]. In this balance between sustainable
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consumption and products, service flows and regulatory boundaries may see greater
emphasis due to the need for shifts in corporate and social behavior [128].

Beyond Greening to Sustainability

In this review of the recent research in this field, we have purposefully shied away from
using the term sustainability or environmental sustainability.  There are many
connotations associated with this term that cause greater confusion and obfuscation [129-
131]. Sustainability will incorporate other dimensions of corporate social responsibility
that include ‘triple-bottom-line’ factors [6, 116] and inter-generational ethics [42].
Typically, when sustainable supply chain term is used the default perspective has
typically been environmental or ecological sustainability [132]. The more complete
inclusion of social sustainability is occurring, albeit not at the pace of environmental
integration into supply chain research. But, issues related to boundaries and flows will
arise by evolving to the more general sustainability and corporate social responsibility
supply chains practices. Whether the boundaries and flows identified in this paper play
larger or smaller roles becomes an issue. For example, materials flows and technological
boundaries may not play as important roles as new ‘values’ flows or legal boundaries.
This evolution in the framework and elements described in this paper may be quite
substantial if it is to fit in the broader perspective.

Conclusion

This paper provided a review of the literature in the emergent field of green supply chain
management. The field has seen growth over the past two decades as it has expanded in
scope and definition. We utilized a boundaries and flows framework to help identify
research in this field. We have shown how green supply chains relate to other broadly
defined industrial environmental management practices and philosophies. Nine major
comprehensive, overlapping, boundaries were defined and research and practice pertinent
to these boundaries were identified. As part of the systemic perspective, we also
introduce five major and interrelated flows that green supply chains need to manage
within the boundaries. Finally, we have identified potential areas for investigation that
focus on the general relationships between the boundaries, flows and industrial practices
to green supply chain management. Due to the complexities and many dimensions of
green supply chain management a number of research directions, social, economic,
business, scientific, engineering, psychological can all be taken.

In this paper, we relied on more recent literature in this field. Significant reviews
of green supply chain and business practices have occurred previous to this article.
Additional, older references for the many topics covered here could have been used.
Many of these were filtered out to provide some of the latest work in this area.

It is an exciting time in business and supply chain research. There is substantial
work ahead for us to more fully understand and promote a greener world for ourselves
and future generations.

WP2009-07 15



References

1.

10.

1.

12.

13.

WP2009-07

Jayaraman, V., R. Klassen, and J.D. Linton, Supply chain management in a
sustainable environment. Journal of Operations Management, 2007. 25(6): p.
1071-1074.

Piplani, R., N. Pujawan, and S. Ray, Sustainable supply chain management.
International Journal of Production Economics, 2008. 111(2): p. 193-194.

Seuring, S., et al., Sustainability and supply chain management - An introduction
to the special issue. Journal of Cleaner Production, 2008. 16(15): p. 1545-1551.

Linton, J.D., R. Klassen, and V. Jayaraman, Sustainable supply chains: An
introduction. Journal of Operations Management, 2007. 25(6): p. 1075-1082.

Srivastava, S.K., Green supply-chain management: A state-of-the-art literature
review. International Journal of Management Reviews, 2007. 9(1): p. 53-80.

Seuring, S. and M. Miiller, From a literature review to a conceptual framework

for sustainable supply chain management. Journal of Cleaner Production, 2008.
16(15): p. 1699-1710.

Young, A. and Kielkiewicz-Young, Sustainable Supply Network Management.
Corporate Environmental Strategy, 2001. 8(3): p. 260-268.

Cruz, J.M. and D. Matsypura, Supply chain networks with corporate social
responsibility through integrated environmental decision-making. International
Journal of Production Research, 2009. 47(3): p. 621 - 648.

Kovacs, G., Framing a demand network for sustainability. Progress in Industrial
Ecology: an International Journal 2004. 1(4): p. 397 - 410

Lippman, S., Supply Chain Environmental Management. Environmental Quality
Management, 2001. 11(2): p. 11-14.

Sharfman, M.P., T.M. Shaft, and R.P. Anex, The road to cooperative supply-
chain environmental management: trust and uncertainty among pro-active firms.
Business Strategy and the Environment, 2009. 18(1): p. 1-13.

Min, H. and W.P. Galle, Green Purchasing Strategies. Trends and Implications.
The Journal of Supply Chain Management, 1997. 33(3): p. 10-17.

Giinther, E. and L. Scheibe, The hurdle analysis. A self-evaluation tool for
municipalities to identify, analyse and overcome hurdles to green procurement.
Corporate Social Responsibility and Environmental Management, 2006. 13(2): p.
61-77.

16



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Carter, C.R., R. Kale, and C.M. Grimm, Environmental purchasing and firm
performance: an empirical investigation. Transportation Research Part E:
Logistics and Transportation Review, 2000. 36(3): p. 219-228.

Zsidisin, G.A. and S.P. Siferd, Environmental purchasing: a framework for theory
development. European Journal of Purchasing & Supply Management, 2001. 7(1):
p. 61-73.

Murphy, P.R. and R.F. Poist, Green logistics strategies: An analysis of usage
patterns. Transportation Journal, 2000. 40(2): p. 5-16.

Gonzalez-Benito, J. and O. Gonzélez-Benito, The role of stakeholder pressure
and managerial values in the implementation of environmental logistics practices.
International Journal of Production Research, 2006. 44(7): p. 1353-1373.

Guide, V.D.R. and L.N. Van Wassenhove, eds. Business Aspects of Closed-Loop
Supply Chains. 2003, Carnegie Bosch Institute: Pittsburgh, PA.

Seuring, S., Industrial ecology, life cycles, supply chains: differences and
interrelations. Business Strategy and the Environment, 2004. 13(5): p. 306-319.

Darnall, N., G.J. Jolley, and R. Handfield, Environmental management systems

and green supply chain management: complements for sustainability? Business
Strategy and the Environment, 2008. 17(1): p. 30-45.

Gonzélez, P., J. Sarkis, and B.A. Diaz, Environmental management system
certification and its influence on corporate practices: Evidence from the
automotive industry. International Journal of Operations and Production
Management, 2008. 28(11): p. 1021-1041.

Linnanen, L., Life cycle management: Integrated approach towards corporate
environmental issues. Business Strategy and the Environment, 1995. 4(3): p. 117-
127.

Matos, S. and J. Hall, Integrating sustainable development in the supply chain:
The case of life cycle assessment in oil and gas and agricultural biotechnology.
Journal of Operations Management, 2007. 25(6): p. 1083-1102.

Zhu, Q., et al., Industrial Symbiosis in China: A Case Study of the Guitang Group.
Journal of Industrial Ecology, 2007. 11(1): p. 31-42.

Chertow, M.R., "Uncovering" Industrial Symbiosis. Journal of Industrial Ecology,
2007. 11(1): p. 11-30.

Tudor, T., E. Adam, and M. Bates, Drivers and limitations for the successful
development and functioning of EIPs (eco-industrial parks): A literature review.
Ecological Economics, 2007. 61(2-3): p. 199-207.

WP2009-07 17



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Coté, R.P., et al., Influences, practices and opportunities for environmental supply
chain management in Nova Scotia SMEs. Journal of Cleaner Production, 2008.
16(15): p. 1561-1570.

Yu, J., P. Hills, and R. Welford, Extended producer responsibility and eco-design
changes: perspectives from China. Corporate Social Responsibility and
Environmental Management, 2008. 15(2): p. 111-124.

Shapiro, K.G. and A.L. White, Right from the start: Product stewardship through
life-cycle design. Corporate Environmental Strategy, 1999. 6(1): p. 15-23.

Klassen, R.D. and S. Vachon, Collaboration and Evaluation in the Supply Chain:
The Impact on Plant-Level Environmental Investment. Production and Operations
Management, 2003. 12(3): p. 336-352.

Kurk, F. and P. Eagan, The value of adding design-for-the-environment to
pollution prevention assistance options. Journal of Cleaner Production, 2008.
16(6): p. 722-726.

Bevilacqua, M., F.E. Ciarapica, and G. Giacchetta, Design for environment as a
tool for the development of a sustainable supply chain. International Journal of
Sustainable Engineering, 2008. 1(3): p. 188 - 201.

Pujari, D., Eco-innovation and new product development: understanding the
influences on market performance. Technovation, 2006. 26(1): p. 76-85.

Hall, J., Environmental supply-chain innovations Greener Management
International 2001. 35: p. 105-119.

Walton, S.V., R.B. Handfield, and S.A. Melnyk, The Green Supply Chain:
Integrating Suppliers into Environmental Management Processes. The Journal of
Supply Chain Management, 1998. 34(2): p. 2-11.

Bowen, F.E., et al., The Role of Supply Management Capabilities in Green
Supply. Production and Operations Management, 2001. 10(2): p. 174-189.

Zhu, Q., J. Sarkis, and K.-h. Lai, Green supply chain management implications
for "closing the loop". Transportation Research Part E: Logistics and
Transportation Review, 2008. 44(1): p. 1-18.

Simpson, D., D. Power, and D. Samson, Greening the automotive supply chain: a
relationship perspective. International Journal of Operations & Production
Management, 2005. 27(1): p. 28-48.

Hugo, A. and E.N. Pistikopoulos, Environmentally conscious long-range
planning and design of supply chain networks. Journal of Cleaner Production,
2005. 13(15): p. 1471-1491.

WP2009-07 18



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

WP2009-07

Handfield, R., R. Sroufe, and S. Walton, Integrating environmental management
and supply chain strategies. Business Strategy and the Environment, 2005. 14(1):
p. 1-19.

Zhu, Q. and J. Sarkis, Relationships between operational practices and
performance among early adopters of green supply chain management practices
in Chinese manufacturing enterprises. Journal of Operations Management, 2004.
22(3): p. 265-289.

Vachon, S. and Z. Mao, Linking supply chain strength to sustainable
development: a country-level analysis. Journal of Cleaner Production, 2008.
16(15): p. 1552-1560.

Zhu, Q., J. Crotty, and J. Sarkis, 4 Cross-Country Empirical Comparison of
Environmental Supply Chain Management Practices in the Automotive Industry.
Asian Bus Manage, 2008. 7(4): p. 467-488.

Walker, H., L. Di Sisto, and D. McBain, Drivers and barriers to environmental
supply chain management practices: Lessons from the public and private sectors.
Journal of Purchasing and Supply Management, 2008. 14(1): p. 69-85.

Rock, M.T., P.L. Lim, and D.P. Angel, Impact of Firm-Based Environmental
Standards on Subsidiaries and Their Suppliers: Evidence from Motorola-Penang.
Journal of Industrial Ecology, 2006. 10(1-2): p. 257-278.

Ruud, A., Environmental management of transnational corporations in India -
are TNCs creating islands of environmental excellence in a sea of dirt? Business
Strategy and the Environment, 2002. 11(2): p. 103-118.

Vermeulen, W.J.V. and P.J. Ras, The challenge of greening global product
chains: meeting both ends. Sustainable Development, 2006. 14(4): p. 245-256.

Bojarski, A.D., et al., Incorporating environmental impacts and regulations in a
holistic supply chains modeling: An LCA approach. Computers & Chemical
Engineering. In Press, Corrected Proof.

Delmas, M. and 1. Montiel, Greening the supply chain: When is customer
pressure effective? Journal of Economics and Management Strategy, 2009. 18(1):
p. 171-201.

King, A.A., M.J. Lenox, and A. Terlaak, The strategic use of decentralized
institutions: exploring certification with the ISO 14001 management standard.
Academy of Management Journal, 2005. 48(6): p. 1091-1106.

Vachon, S., Green supply chain practices and the selection of environmental
technologies. Journal of Production Research, 2007. 45(18): p. 4357-4379.

19



52.

53.

54.

55.

56.

57.

38.

59.

60.

61.

62.

63.

64.

Vachon, S. and R.D. Klassen, Green project partnership in the supply chain: the
case of the package printing industry. Journal of Cleaner Production, 2006. 14(6-
7): p. 661-671.

Faruk, A.C., et al., Analyzing, Mapping, and Managing Environmental Impacts
along Supply Chains. Journal of Industrial Ecology, 2001. 5(2): p. 13-36.

Hervani, A.A., M.M. Helms, and J. Sarkis, Performance measurement for green
supply chain management. Benchmarking: An International Journal, 2005. 12(4):
p- 330-353.

Seuring, S., et al., Sustainability and supply chain management - An introduction
to the special issue. Journal of Cleaner Production, 2008. 16(15): p. 1545-1551.

Nawrocka, D., Inter-organizational use of EMSs in supply chain management:
some experiences from Poland and Sweden. Corporate Social Responsibility and
Environmental Management, 2008. 15(5): p. 260-269.

Vachon, S. and R.D. Klassen, Environmental management and manufacturing
performance: The role of collaboration in the supply chain. International Journal
of Production Economics, 2008. 111(2): p. 299-315.

Vachon, S. and R.D. Klassen, Extending green practices across the supply chain:
The impact of upstream and downstream integration. International Journal of
Operations & Production Management, 2006. 26(7): p. 795 - 821.

Miller, L.E., Indemnification Agreements under CERCLA. Environmental Law,
1993. 23(1): p. 333-353.

Heiskanen, E., The institutional logic of life cycle thinking. Journal of Cleaner
Production, 2002. 10(5): p. 427-437.

Hagelaar, G.J.L.F. and J.G.A.J. van der Vorst, Environmental supply chain
management: Using life cycle assessment to structure supply chains. International
Food & Agribusiness Management Review, 2002. 4: p. 399-412.

Reyes, P.M., P. Jaska, and A.J. Scavarda, Intercultural supply chain management:
an assessment of the field and future outlook. International Journal of Intercultural
Information Management 2009. 1(2): p. 166-176

Vazquez, D.A. and C. Liston-Heyes, Corporate discourse and environmental
performance in Argentina. Business Strategy and the Environment, 2008. 17(3):
p. 179-193.

McCarty, J.A. and L.J. Shrum, The Influence of Individualism, Collectivism, and
Locus of Control on Environmental Beliefs and Behavior. Journal of Public Policy
& Marketing, 2001. 20(1): p. 93-104.

WP2009-07 20



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Gonzalez-Benito, J. and O. Gonzélez-Benito, 4 study of determinant factors of
stakeholder environmental pressure perceived by industrial companies. Business
Strategy and the Environment, 2009. Forthcoming.

Krueger, D., The Ethics of Global Supply Chains in China — Convergences of
East and West. Journal of Business Ethics, 2008. 79(1): p. 113-120.

Castka, P. and M.A. Balzarova, ISO 26000 and supply chains--On the diffusion of
the social responsibility standard. International Journal of Production Economics,
2008. 111(2): p. 274-286.

Krozer, J. and P. Doelman, Policy incentives for waste prevention. An economic
approach to design for recycling. The Journal of Sustainable Product Design,
2004. 3(1): p. 3-17.

Chen, Y.J. and J.-B. Sheu, Environmental-regulation pricing strategies for green
supply chain management. Transportation Research Part E: Logistics and
Transportation Review, 2009. 45(5): p. 667-677.

Schliephake, K., G. Stevens, and S. Clay, Making resources work more efficiently
- the importance of supply chain partnerships. Journal of Cleaner Production,
2009. 17(14): p. 1257-1263.

Gale, R., Environmental management accounting as a reflexive modernization
strategy in cleaner production. Journal of Cleaner Production, 2006. 14(14): p.
1228-1236.

Rebitzer, G. and S. Seuring, Methodology and application of Life Cycle costing.
The International Journal of Life Cycle Assessment, 2003. 8(2): p. 110-111.

Lai, J., et al., An economic and environmental framework for analyzing globally
sourced auto parts packaging system. Journal of Cleaner Production, 2008.
16(15): p. 1632-1646.

Sarkis, J., L. Meade, and A. Presley, An activity based management methodology
for evaluating business processes for environmental sustainability. Business
Process Management Journal, 2006. 12(6): p. 751 - 769

Tsai, W.-H. and S.-J. Hung, Treatment and recycling system optimisation with
activity-based costing in WEEE reverse logistics management: an environmental
supply chain perspective. International Journal of Production Research, 2009.
47(19): p. 5391-5420.

Presley, A., L. Meade, and J. Sarkis, A4 strategic sustainability justification
methodology for organizational decisions: a reverse logistics illustration.
International Journal of Production Research, 2007. 45(18-19): p. 4595-4620.

WP2009-07 21



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

WP2009-07

Sarkis, J. and J.J. Cordeiro, An empirical evaluation of environmental efficiencies
and firm performance: Pollution prevention versus end-of-pipe practice.
European Journal of Operational Research, 2001. 135(1): p. 102-113.

Rosen, C.M., J. Bercovitz, and S. Beckman, Environmental Supply-Chain
Management in the Computer Industry:A Transaction Cost Economics
Perspective. Journal of Industrial Ecology, 2000. 4(4): p. 83-103.

Huber, J., Technological environmental innovations (TEIs) in a chain-analytical
and life-cycle-analytical perspective. Journal of Cleaner Production, 2008.
16(18): p. 1980-1986.

Lee, S.-Y., Drivers for the participation of small and medium-sized suppliers in
green supply chain initiatives. Supply Chain Management: An International
Journal, 2008. 13(3): p. 185-198.

Corbett, C.J. and R.D. Klassen, Extending the Horizons: Environmental
Excellence as Key to Improving Operations. Manufacturing and Service
Operations Management, 2006. 8(1): p. 5-22.

Zhu, Q. and R.P. Cote, Integrating green supply chain management into an
embryonic eco-industrial development: a case study of the Guitang Group.
Journal of Cleaner Production, 2004. 12(8-10): p. 1025-1035.

Dahlstrom, K. and P. Ekins, Combining economic and environmental dimensions:
Value chain analysis of UK iron and steel flows. Ecological Economics, 2006.
58(3): p. 507-519.

Gallucci, T., G. Lagioia, and V. Dimitrova, Environmental approach to
implement sustainable management: partnership between Transnational
Corporations and Small- and Medium-sized Enterprises. International Journal of
Management and Enterprise Development 2009. 6(4): p. 419-432

Hendrickson, C., G. Cicas, and H.S. Matthews, Transportation sector and supply
chain performance and sustainability, in Transportation Research Record. 2006.
p. 151-157.

Nansai, K., et al., Material and energy dependence of services and its
implications for climate change. Environmental Science and Technology, 2009.
43(12): p. 4241-4246.

Mont, O., Drivers and barriers for shifting towards more service-oriented
businesses: Analysis of the PSS field and contributions from Sweden. The Journal
of Sustainable Product Design, 2002. 2(3): p. 89-103.

Reiskin, E.D., et al., Servicizing the Chemical Supply Chain. Journal of Industrial
Ecology, 1999. 3(2-3): p. 19-31.

22



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Lebel, L. and S. Lorek, Enabling Sustainable Production-Consumption Systems.
Annual Review of Environment and Resources, 2007. 33: p. 241-75.

Daily, G.C., Introduction: What are ecosystem services? Nature's Services:
Societal Dependence on Natural Ecosystems, 1997: p. 1-10.

Norberg, J., Linking nature's services to ecosystems: Some general ecological
concepts. Ecological Economics, 1999. 29(2): p. 183-202.

Cohen, M.J., The International Political Economy of (Un)sustainable
Consumption and the Global Financial Collapse. Environmental Politics, 2009.
Forthcoming.

Comelli, M., P. Fénies, and N. Tchernev, 4 combined financial and physical flows
evaluation for logistic process and tactical production planning: Application in a
company supply chain. International Journal of Production Economics, 2008.
112(1): p. 77-95.

Ukidwe, N.U. and B.R. Bakshi, Flow of natural versus economic capital in

industrial supply networks and its implications to sustainability. Environmental
Science and Technology, 2005. 39(24): p. 9759-9769.

Preuss, L., Rhetoric and reality of corporate greening: a view from the supply
chain management function. Business Strategy and the Environment, 2005. 14(2):
p. 123-139.

Erlandsson, J. and A.-M. Tillman, Analysing influencing factors of corporate
environmental information collection, management and communication. Journal
of Cleaner Production, 2009. 17(9): p. 800-810.

Meade, L. and J. Sarkis, Strategic analysis of logistics and supply chain
management systems using the analytical network process. Transportation
Research Part E: Logistics and Transportation Review, 1998. 34(3): p. 201-215.

Ahmed, N.U. and S.K. Sharma, Porter's value chain model for assessing the
impact of the internet for environmental gains. International Journal of
Management and Enterprise Development, 2006. 3(3): p. 278-295

Sarkis, J., L. Meade, and S. Talluri, E-logistics and the natural environment.
Supply Chain Management: An International Journal, 2004. 9(4): p. 303-312.

Fritz, M. and G. Schiefer, Food chain management for sustainable food system
development: a European research agenda. Agribusiness, 2008. 24(4): p. 440-
452.

Zhu, Q., et al., Firm-level correlates of emergent green supply chain management
practices in the Chinese context. Omega, 2008. 36(4): p. 577-591.

WP2009-07 23



102.  Brown, H.S., M. de Jong, and D.L. Levy, Building institutions based on

information disclosure: lessons from GRI's sustainability reporting. Journal of
Cleaner Production, 2009. 17(6): p. 571-580.

103.  Kovacs, G., Corporate environmental responsibility in the supply chain. Journal
of Cleaner Production, 2008. 16(15): p. 1571-1578.

104.  Solér, C., K. Bergstrom, and H. Shanahan, Green supply chains and the missing
link between environmental information and practice. Business Strategy and the
Environment, 2009. Forthcoming.

105.  Farish, M., Plants that are green: Toyota's lean manufacturing. Engineering and
Technology, 2009. 4(3): p. 68-69.

106. Lovelady, E.M. and M.M. El-Halwagi, Design and integration of eco-industrial
parks for managing water resources. Environmental Progress and Sustainable
Energy, 2009. 28(2): p. 265-272.

107. Nasaruddin, F.H.M., N.H.M. Ramli, and S.D. Ravana. E-construction waste
exchange in Malaysia: A preliminary study. in Proceedings - International
Symposium on Information Technology 2008, ITSim. 2008.

108. Omura, M., et al., Networking possibilities for waste recycling in Miyagi
prefecture, Japan. Waste Management, 2007. 27(5): p. 711-719.

109.  Chen, Z., et al., E-commerce system simulation for construction and demolition
waste exchange. Automation in Construction, 2006. 15(6): p. 706-718.

110. Roberts, B.H., Building a framework for strategic architecture to foster the
development of industrial ecology. Progress in Industrial Ecology, an
International Journal 2008. 5(5-6): p. 483-501.

111.  Sarkis, J. and H. Zhu, Information technology and systems in China's circular
economy: Implications for sustainability. Journal of Systems and Information
Technology, 2008. 10(3): p. 202-217.

112. Rabl, A., J.V. Spadaro, and A. Zoughaib, Environmental impacts and costs of
solid waste: a comparison of landfill and incineration. Waste Management
Research, 2008. 26(2): p. 147-162.

113.  Mazzanti, M. and R. Zoboli, Waste generation, waste disposal and policy
effectiveness: Evidence on decoupling from the European Union. Resources,
Conservation and Recycling, 2008. 52(10): p. 1221-1234.

114.  Zhu, Q. and J. Sarkis, The moderating effects of institutional pressures on

emergent green supply chain practices and performance. International Journal of
Production Research, 2007. 45(18): p. 4333 - 4355.

WP2009-07 24



115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Xu, L. and B.M. Beamon, Supply Chain Coordination and Cooperation
Mechanisms: An Attribute-Based Approach. Journal of Supply Chain
Management, 2006. 42(1): p. 4-12.

Carter, C.R. and D.S. Rogers, 4 framework of sustainable supply chain
management: moving toward new theory. International Journal of Physical
Distribution & Logistics Management, 2008. 38(5): p. 360-387.

Zhu, Q., et al., The role of organizational size in the adoption of green supply
chain management practices in China. Corporate Social Responsibility and
Environmental Management, 2008. 15(6): p. 322-337.

Berger, G., et al., Ecological Modernization as a Basis for Environmental Policy:
Current Environmental Discourse and Policy and the Implications on
Environmental Supply Chain Management. Innovation: The European Journal of
Social Science Research, 2001. 14(1): p. 55 - 72.

Welford, R. and P. Hills, Ecological modernisation, environmental policy and
innovation: priorities for the Asia-Pacific region. International Journal of
Environment and Sustainable Development 2003. 2(3): p. 324-340

Sangle, S., Redefining environmental management system boundaries through
stakeholder management across product life-cycle. International Journal of
Environment and Sustainable Development, 2005. 4(2): p. 193-207

Darnall, N., I. Seol, and J. Sarkis, Perceived stakeholder influences and

organizations' use of environmental audits. Accounting, Organizations and
Society, 2009. 34(2): p. 170-187.

de Brito, M.P., V. Carbone, and C.M. Blanquart, Towards a sustainable fashion
retail supply chain in Europe: Organisation and performance. International
Journal of Production Economics, 2008. 114(2): p. 534-553.

Michaelis, L., The role of business in sustainable consumption. Journal of Cleaner
Production, 2003. 11(8): p. 915-921.

Tukker, A., et al., Fostering change to sustainable consumption and production:
an evidence based view. Journal of Cleaner Production, 2008. 16(11): p. 1218-
1225.

Hertwich, E.G., Life Cycle Approaches to Sustainable Consumption.: A Critical
Review. Environmental Science and Technology, 2005. 39(13): p. 4673-4684.

Peattie, K. and S. Peattie, Social marketing: A pathway to consumption
reduction? Journal of Business Research, 2009. 62(2): p. 260-268.

Schaefer, A. and A. Crane, Addressing Sustainability and Consumption. Journal
of Macromarketing, 2005. 25(1): p. 76-92.

WP2009-07 25



128.

129.

130.

131.

132.

Fuchs, D.A. and S. Lorek, Sustainable Consumption Governance: A History of
Promises and Failures. Journal of Consumer Policy, 2005. 28(3): p. 261-288.

Sarkis, J., Current issues in the greening of industry: A 'sustainable’ polemic.
Business Strategy and the Environment, 2007. 16(3): p. 246-247.

Esty, D.C., A Term's Limits. Foreign Policy, 2001(126): p. 74-75.

Banerjee, S.B., Who Sustains Whose Development? Sustainable Development and
the Reinvention of Nature. Organization Studies, 2003. 24(1): p. 143-180.

White, L. and G.J. Lee, Operational research and sustainable development:

Tackling the social dimension. European Journal of Operational Research, 2009.
193(3): p. 683-692.

WP2009-07 26



Figure 1: A green supply chain diagram with stages and relationships.
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Figure 2: Industrial Environmental Practices Related to Green Supply Chain Management
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Figure 3: Layers and levels of supply chain boundaries.
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Figure 4: Integration flows and boundaries.
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