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ABSTRACT 

 
This paper explores the green supply chain management (GSCM) initiatives in general, and the 
current practices of consumer electronics and information technology sectors in particular.  
Growing environmental concerns and the “greening” of businesses has necessitated the 
redesign of products, processes and supply chains to become more sensitive to environmental 
and energy footprints.  Although the traditional competitive strategies of cost, quality and 
flexibility will remain, nevertheless, energy and natural resources efficiency will be 
differentiating factors for competitive advantage.   

 
INTRODUCTION 

 
This paper explores the green supply chain management (GSCM) initiatives in general, and the 
current practices of consumer electronics and information technology sectors in particular.  
Growing environmental concerns and the “greening” of businesses has necessitated the redesign 
of products, processes and supply chains to become more sensitive to environmental and energy 
footprints.  Although the traditional competitive strategies of cost, quality and flexibility will 
remain, nevertheless, energy and natural resources efficiency will be differentiating factors for 
competitive advantage.  Conventional Balance Sheets and Profit & Loss Statements also do not 
take into account the cost burden of social inequities and ecological destruction. Unfortunately, 
such an approach has left a deferred cost burden to be borne by society and future generations. 
And that cost is today spiraling out of control, threatening future economic progress (Bendale & 
Agrawal).   
 
Supply chain management has become an important competitive factor for many organizations, 
especially in the current economic and political environment. The supply chain encompasses all 
activities associated with the flow and transformation of goods from raw materials stage 
(extraction), through to the end user, as well as the associated information flows. Supply chain 
management (SCM) is the integration of these activities through improved supply chain 
relationships to achieve a sustainable competitive advantage” (Handfield & Nichols).  
Sustainable development is defined as “a development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs” (WCED).  
Green Sustainable Supply Chain is defined as the process that entails usage of inputs that are 
environmentally friendly and transforming them through the change agents which have 
byproducts that can be improved or recycled in the environment existing (International Institute 
for Sustainable Development, 2010).  
  



For example, one of the important problems faced by the senior management in the computer 
hardware industry is the evaluation of various alternatives for end-of-life (EOL) disposition of 
computers. Environmental management has now become a key strategic issue with the potential 
for a lasting impact on organizational performance, as can be attested by more than 40,000 
companies that have implemented ISO14000, the standard for environmental management 
system. Building on the philosophy of environmental management as a competitive advantage, 
environmental dimensions of operations and production is viewed as a stimulus for innovation 
and more efficient allocation of business resources, not just as a requirement for regulatory 
compliance. Success in addressing these factors may provide new opportunities for competition, 
and new ways to add value to core business programs (Porter & Van der Linde; Hansmann & 
Claudia). Adopting green designs and processes can help manufacturing companies reduce 
supply chain risks, while adding value for their customers, with the end result of becoming more 
efficient, agile and profitable.  The 'triple bottom line' is rapidly gaining recognition as a 
framework for measuring business performance.  [The phrase was coined by John Elkington, co-
founder of the business consultancy SustainAbility, in his 1998 book 'Cannibals with Forks: the 
Triple Bottom Line of 21st Century Business'.  In its broadest sense, the triple bottom line 
captures the spectrum of values that organizations must embrace - economic, environmental and 
social.  In practical terms, triple bottom line accounting means expanding the traditional 
company reporting framework to take into account not just financial outcomes but also 
environmental and social performance (IISD.ORG).]  In general, the pressure on manufacturing 
organizations to adopt benign processes and to develop greener products has increased 
significantly over the last decade due to stricter environmental protection laws and increased 
environmental awareness. Moreover, green jobs are one of the fastest growing segments of the 
job market today. While certain sectors are currently cutting back on hiring, companies focused 
around environmental issues are booming.  As such, many manufacturing organizations have 
turned to their suppliers and customers to find innovative solutions.  

 
DEFINITIONS AND TERMINOLOGY 

 
Logistics (forward) is a “Process of planning, implementing and controlling the efficient, cost 
effective flow of raw materials, in-process inventory, finished goods and related information 
from the point of origin to the point of consumption for the purpose of conforming to customer 
requirements”. Reverse logistics is a “Process of planning, implementing and controlling the 
efficient, cost-effective flow of raw materials, in-process inventory, finished goods and related 
information from the point of consumption to the point of origin for the purpose of recapturing 
value or proper disposal” (Rogers and Tibben-Lembke).  
 
Managing reverse logistics is an important focus in supply chain management.  In the past, the 
emphasis and priority was to improve efficiencies and effectiveness of sales from the point of 
origin to the point of consumption.  However, with the competition in providing better customer 
services, more liberal return policies, and meeting higher customer expectations, it is critical to 
examine issues related to reverse logistics more carefully from a strategic sales and bottom line 
considerations.  Handling returns is burdensome and often costly endeavor and managing of it is 
quite problematic since returns typically cut across several departments with no one department 
directly responsible (Trebilcock).  Moreover, most of the business information systems are 
designed around forward logistics.  In 2006, Forrester Research Group estimated that the value 



of returned goods from shopping via the internet alone will be over $11 billion by 2010 and 
processing of  those  returns will cost another $9 
billion (http://www.internettrailer.com/internet/marketing-conference/35906-dealing-
returns.html).   
 
The strategies for reverse logistics are numerous and are a function of the usability of the product 
during its lifecycle. These include product returns that generally may require minor cleaning or 
cosmetic repairs with a high likelihood of quick reintroduction into the sales channel; end-of-use 
returns, which often require more extensive remanufacturing activities before their reintroduction 
to the market; and end-of-life products which are generally technically-obsolete and are 
cannibalized for parts (Guide Jr and Van Wassenhove). The most comprehensive reverse 
logistics solution currently available for OEMs not willing or ready to take on the challenge of 
establishing their own collection and disposal processes are the services provided by IT-asset 
disposition (ITAD) companies. An increasing number of organizations are resorting to ITAD 
providers such as NextPhase, Intechra, TechTurn, Supreme Asset Management Recycling and 
Cascade Asset Management – these companies provide logistics management, data erasure, asset 
disposal, recycling, remarketing and redeployment.   
 
 

REMEDIES 
 
Green manufacturing takes into consideration environmental impacts at all stages of the 
production processes including resource savings, release of pollutants and recycling components 
(Ciocci, Pecht).  Green manufacturing is not characterized by use of specific machines, but by 
processes.  These processes aim to reduce waste, reduce the consumption of energy, and reduce 
the release of pollutants into the environment.  According to the Consumer Electronics 
Association (CEA), there were 500 million units of electronic goods purchased in 2008 by the 
U.S. consumers valued at about $172 billion.  
The traditional sustainability practice of the 3Rs (reduce, reuse, and recycle), is now expanded to 
the 6Rs (reduce, reuse, recycle, recover, redesign, and remanufacture). To encourage 
manufacturers to adopt a cradle-to-grave responsibility for their products, programs such as 
Extended Producer Responsibility (EPR) and Product Stewardship have been put forward in both 
the U.S. and in the European Union.  EPR places the burden squarely on the producers of 
products and requires them to offer incentives to encourage recycling (Nicol).  Under this 
scenario, manufacturers are responsible for product take-back and must pay for all costs related 
to end-of-life recycling and disposal. This model strives to remove the burden of waste 
management responsibility from local jurisdictions and places it on manufacturers, distributors 
and retailers.  Since manufacturers are held accountable for waste management issues, the EPR 
model encourages producers of products to design them in such a way as to minimize the 
environmental impacts from the production stage all the way to the recovery stage.  Efforts for 
Eco-Design endeavor to take into account all of the end-of-life issues that will need to be 
addressed such as reuse, manufacturing, recycling, and separation of component materials 
through better designs for disassembly and recovery.    
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REGULATIONS AND E-WASTE 
 
In the last twenty years, the European Union (EU) has been a leader on international 
environmental issues ranging from climate change to toxic waste.  A closer look at EU’s strict 
environmental regulations is instructive.  RoHS is a European legislative initiative that on July 1, 
2006 restricted the use of six hazardous materials found in electrical and electronic products 
deemed harmful or toxic to human health and the overall environment.  With some exceptions 
RoHS compliant products must not contain Lead, Cadmium, Mercury, Hexavalent Chromium, 
Polybrominated Biphenyl and Polybrominated Biphenyl Ethers.  The list of human health risks 
resulting from contact with these substances includes breathing difficulties, coughing, choking, 
respiratory irritation, pneumonitis (inflammation of lung tissue), tremors, neuropsychiatric 
problems (mental disorders), convulsions, comas, and even death.   Electronic goods are major 
contributors to the so called e-waste, and include such items as:  computers, any electronics items 
(stereos, TV’s), mobile phones, and other items such refrigerators (Sinha-Khetriwal, Widmer, 
Schulep, Eugster, Wang, Lombard, Ecroignard).  Televisions are especially difficult to properly 
disassemble and recover their hazardous materials because of the large amount of lead that are 
used in the manufacturing of the screens.  In a 2006 report, the Environmental Protection Agency 
(EPA) stated that the U.S generated 2.9 million tons of e-waste, of which 88% either ended up in 
landfills or incinerators.  The United Nations Environment Program reports that 20 to 50 million 
metric tons of e-waste are generated worldwide every year, comprising more than 5% of all 
municipal solid waste.    
  
Plastics surpassed steel in 1978 as the largest volume material produced in the U.S., and in the 
early 1990s efforts increased to recover plastics used in the manufacturing of consumer 
electronics products.  Research and development programs, funded by the U.S., Europe, and 
Japan, have led to a number of technological advancements related to plastics reuse, recycling, 
and feedstock, and are contributing toward sustainability in the plastics industry (Fisher).  Design 
for disassembly plays an important role in plastics recovery from consumer electronics devices at 
end of life, but just as important is the documentation of what kinds of plastics are contained in a 
particular device once it becomes waste.    
  
The Energy Policy Act (EPAct) of 2005 directs the Department of Energy to continue to identify 
and designate energy-efficient products.  EPAct also requires the acquisition and use of these 
products by all Federal agencies. Currently, according to the Environmental Protection Agency’s 
website, “…there is no Federal mandate to recycle e-waste” in the United States.  However, most 
states have instituted electronics recovery programs, e.g., the California Electronic Waste 
recycling act of 2003 established a fee to be paid by the consumer and collected by the retailers 
on all brands of designated electronic devices sold in California.  
 

CASE STUDY – BMW 
 
BMW has been a leader in green manufacturing within the worldwide automobile manufacturing 
industry.  In 1998, the company’s South Carolina production facility was awarded ISO14001 
certification, one of the first in the industry, for meeting or exceeding international 
environmental standards.  The South Carolina plant also earned a 2003 Green Power Leadership  



Award for using landfill gas to generate a portion of the power needed to operate the facility. 
Landfill gas is piped from a landfill to the manufacturing facility to power its four gas turbines, 
which generate approximately 4.3 MW of electricity for the factory, and also to supply hot water 
for cooling, heating, and hot water needs (Reliable Plant).  Additionally, in 2010, BMW’s two 
regional distribution centers in Illinois and Pennsylvania received LEED (Leadership in Energy 
and Environment Design) certifications (Stott), which are awarded to facilities constructed in an 
environmentally sustainable way. BMW’s two regional centers reduced energy and water usages 
by more than 20 percent compared to the industry standard, recycled or diverted over 80 percent 
of all construction waste from landfills, and used recycled and locally-sourced materials.   
 
BMW’s green management incorporates almost all aspects of green manufacturing, beginning 
with the use of green energy.  The firm’s South Carolina facility has an on-site power plant that 
is powered by four turbines fueled by reclaimed methane gas piped in from the nearby Palmetto 
Landfill. The power plant generates about 50 percent of the plant’s total energy requirements, 
and the use of methane gas reduces the plant’s carbon dioxide emissions by approximately 
92,000 tons per year – the equivalent to planting 23,000 acres of trees annually.  The energy cost 
saving by the landfill gas project has also been significant, saving the company an annual 
average of $5 million (Reliable Plant).  
 
The firm’s green management has taken significant steps to diminish its impact on the local 
environment by implementing green materials and green technology theories as well. BMW is 
replacing high-solvent paints with water-based paints when possible to reduce air emissions, and 
all wastewater is pre-treated before being released to a local municipal water treatment plant.  In 
addition, by grouping the vehicles painted the same color, the number of times paint lines are 
purged and cleaned has been reduced.  
  
Other smaller-scale green efforts include reducing the amount of paper used, re-evaluating 
inplant lighting requirements, and turning off unnecessary equipment on the weekends to 
conserve energy (BMW US Manufacturing Co.).  These green efforts, along with effective, 
plant-level green management, have transformed BMW into one of the most successful green 
manufacturers worldwide.  BMW has been using its green manufacturing practices as a source of 
competitive advantage.  The inclusion of an environmental component in its advertisements has 
helped it to differentiate the brand as progressive and environmentally conscious.  By lending 
credibility to its claims, the company has been the recipient of a large number of awards related 
to environmental responsibility.  For example, BMW received the European Environmental Press  
Award in Gold for the firm’s VALVETRONIC technology, which increases the efficiency of 
internal combustion, engines (BMW Sustainability Report).  
  

A CASE STUDY – APPLE 
 
In 2008, Apple, a leader in technology innovation, released a “greener” laptop.  Prior to this 
notebook computer, the industry standard for notebooks had mercury in the circuit boards and 
lead in the LCD displays.  The new laptop, the MacBook Air, became Apple’s flagship 
environmentally-conscious product and served as the basis for each new line of laptops and 
displays.  On the MacBook Air, Apple removed all mercury and lead from the displays by using 



LED backlit LCD screens as opposed to florescent lamps and re-designed the body of the laptop 
using aluminum and arsenic free glass.  By using aluminum and glass instead of plastics, the  
MacBook Air can be recycled and reused for other products. The MacBook Air received an 
EPEAT Gold rating, was RoHS compliant and exceeded Energy Star requirements.  Following 
the release of the MacBook Air, Apple has created its entire consumer computer line to achieve 
EPEAT Gold status.  In addition to the products themselves being greener, Apple redesigned its 
product packaging to minimize the amount of materials required to package one device.  This 
reduced the waste associated with the packaging and increased the number of devices on a 
shipment (without increasing the physical size of the shipment), which decreased the emissions 
associated with transporting the products.  Since 2008, Apple has provided environmental reports 
on all of its products, including the carbon footprint that each product has throughout its life 
cycle - from the manufacturing stage to its end-of-life disposal (Apple).  

 
CONCLUSION 

 
As consumer awareness of environmental issues increases, so does the need for companies to 
adopt “green” processes in their business practices.  To remain competitive, companies can no 
longer afford to relegate “going green” to a catchy slogan.  It is both an economic and social 
imperative, and that must be reflected in every aspect of the company’s manufacturing processes 
and supply chain design.  BMW’s innovative use of alternative energy systems demonstrates the 
considerable cost savings and environmental benefits that can be attained through the application 
of green manufacturing techniques.  Apple – widely regarded as one of the most visionary 
companies in modern history – has provided perhaps the most telling indication of how 
important green manufacturing is today, and will continue to be in the future.  Apple’s focus on 
the utilization of green products – from the manufacturing stage to the product’s end of life – will 
increasingly become the standard by which companies are held accountable.    
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