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ABSTRACT: The aim of this article is to present a concise review of the relationship between 
environmental sustainability, environmental innovation and remanufacturing. In the past, corporate 
environment was accounted as an environment determining the firm performance by economic, social, 
political and technological factors. However, lately, environmental factors are also included into the 
corporate environment. Recent research studies focus on the Environmental Management System 
(EMS) as an extremely effective instrument for organizations; and concentrate on the Environmental 
Innovation as technological product and process innovation. Product innovation has been widely 
studied in the areas of new product development, product design for environment, and design for 
remanufacturing. The studies on remanufacturing show that it can be profitable and can create 
environmental benefits. However, the literature is insufficient on process innovation. Consequently, 
environmental innovation as technological product and process innovation results in a reduction of 
environmental impacts, and there is an emerging need for further studies on process innovation in 
remanufacturing.  
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1. Introduction 
     There have been significant transformations in the world and organizations do not want to be 
behind and are willing to keep up with these changes. The important issue is that organizations should 
not contribute to the depletion of environment while they cope with these changes in their economic 
activities. Organizations have a social responsibility to preserve and restore our natural environment 
by integrating social and environmental concerns in their business operations.  
    Shrivastava (1994) said that the need is to understand “the organization” from the environmental 
perspective, instead of understanding “the environment” from the organizational perspective. 
Environmental sustainability can be achieved through building an Environmental Management 
System, and applying environmental innovation in business operations as a part of their social 
responsibility. Emerging environmental degredetions push organizations to implement these methods. 
If organizations do not use these methods now, in the near future they will be obligated to take actions 
to regain the health of environment before it is too late. 
     Corporate social responsibility (CSR) and sustainable development are being the key elements of 
the environment. Two important considerations, namely, business performance and regulation are the 
drivers of environmental practices (Williamson et al., 2006). According to Shrivastava (1994), 
organizations viewing their environments in eco-biosphere terms would constitute clear ecological 
missions, build up complex ecological strategies, and have powerful environmental management 
programmes. The key finding in voluntary environmental programs which are combining ISO 14001 
seems to increas facilities’ environmental performance; has important implications (Potoski and 
Prakash, 2005). Florida and Davison (2001) stated that EMS is an extremely effective instrument to 
reduce environmental costs and risks. For creating successful environmental strategies, and helping to 
steer companies and economies towards environmental sustainability; the effective development of 
new, environmentally improved products will clearly be crucial (Pujari et al., 2003). Avoiding or 
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reducing hazardous environmental impacts by new and modified processes, equipment, products, 
techniques and management systems are included in environmental innovation (Arundel et al., 2007). 
     New field of innovation activities are opened up by eco innovation, there are tremendous 
opportunities available, not only for saving on material costs but also finding alternative ways for 
scarce resources (Bleischwitz, 2009). Inderfurth (2005) states that an emerging business area, that is 
attractive from both an economic and an environmental perspective, is the remanufacturing of used 
products. Remanufacturing of used items presents the opportunity for an ideal initiative: 1) enabling 
positive environmental outcomes; 2) meanwhile increasing firm profits by extracting additional value 
from used items (Galbreth et al., 2006). It seems that remanufacturing is environmentally preferable 
since the geometrical form of the product is retained and the product’s related economic and 
environmental values are preserved (Kerr and Ryan, 2001; Sundin, 2004). 
     This study aims to collect and integrate the most relevant researches of the literature on the 
Environmental Sustainability, Environmental Innovation and Remanufacturing. Firstly, an 
introductory section is structured. Secondly, Environmental Sustainability is addressed to combine 
growing concerns over the economic, social and environmental issues for the purpose of guarantying 
the long term viability of society at large and the planet. Thirdly, Environmental Management System 
is examined, and next Environmental Innovation is defined, the types of environmental innovation as 
product and process innovation are explicated. Subsequently, Remanufacturing is clarified. Finally, 
the last section includes the conclusion, and leads the way for future researches. This article presents 
the relationship between environmental sustainability, environmental innovation and remanufacturing.  
 
2. Literature Review 
2.1. Environmental Sustainability 
     Environmental problems started with the industrial revolution in 17th century that caused to use the 
energy in fossil fuels. Environmental problems became global in scale in the late 20th century; 
industries and communities have become dependent on nonrenewable energy resources. The world’s 
consumption gets more than its regeneration capacity. In the 21st century, global awareness increases 
due to the threat of decreasing resources, greenhouse effect, global warming, water pollution, toxins, 
rainforest destruction, nuclear issues, etc.   
     Although, Environmental sustainability (also called ecological sustainability) is a very important 
concept and highly concerned by organizations worldwide, is often unclearly defined and the literature 
is poor in number of definitions. First of all, sustainability and sustainable development are defined for 
clear understanding of environmental sustainability’s definition.  
     Universal definition of the sustainability includes the factors which influence the ability to help 
meet today’s needs while no sacrifices are made to the ability of future generations to meet their own 
needs (WCED, 1987). In United States Environmental Protection Agency’s (EPA, 2011) definition; 
Basic principle of sustainability is: Everything needed for our survival and well-being is dependent 
upon, either directly or indirectly, on our natural environment. The conditions created and maintained 
by sustainability under which people and nature can coexist in productive harmony allowing the 
fulfillment of the social, economic and other requirements of present and future generations. Basically, 
three broad themes; economic, social and environmental which should all be coordinated and 
addressed to guarantee the long term viability of our community and the planet are referred by 
sustainability. 
     In broad perspective and effort to combine growing concerns for a range of environmental issues 
with socio-economic issues is the concept of sustainable development. Fundamental challenges for 
humanity now and the future are potentially answered by sustainable development. However, more 
clarity of meaning, concentrating on sustainable livelihoods and well-being rather than well-having, 
and long term environmental sustainability, which requires a strong basis in principles that link the 
social and environmental to human equity; are needed for doing this (Hopwood et al., 2005). 
     According to Goodland and Daly (1996), Environmental Sustainability is the target to which one of 
the means to approach can be sustainable development. Sustainable development is a kind of 
development without increase in throughput of material and energy away from regenerative and 
absorptive capacities. Environmental sustainability, as one of the four kinds of capital (natural, human, 
human-made, and social), necessitates maintaining natural capital; and understanding environmental 
sustainability which consequently contains the definitions of “natural capital” and “maintenance of 
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resources” (or at least “non-declining levels of resources”). Regardless of being renewable or 
nonrenewable and marketed or nonmarketed, the natural capital or the natural environment is defined 
as the stock of environmentally provided assets (such as soil, atmosphere, forests, water, wetlands) 
which supply a flow of useful goods or services (Goodland, 1995). Within the concept of 
conservation; Ecological sustainability should be recognized to be the maintenance of two interactive 
“things”, at same time in the same place: culturally selected human economic activities and ecosystem 
health. Callicott and Mumford (1997) suggest a new angle to preserving humanly inhabited and 
economically exploited ecosystems under the headline of ecological sustainability.  
     Dyllick and Hockerts (2002) stated the definition of Corporate Ecological Sustainability as follows: 
Ecologically sustainable companies consume at a rate below the natural reproduction, or at a rate 
below the development of substitutes. The emissions produced by these companies do not accumulate 
in the environment at a rate more than the capacity of the natural system to absorb and isolate these 
emissions. In conclusion, they do not perform any activities, which degrade eco-system services. 
Jennings and Zandbergen (1995) worked on the role of companies in concluding the consensus within 
a firm for the structure of an “ecologically sustainable” organization. Organizations are pushed to 
implement practices which are structured to keep the environment safety and minimize energy 
utilization. Decreasing production costs and avoiding environmental problems for keeping green and 
clean atmosphere are for sustainable organizations (Vinodh, 2011). 
      Wheeler and Elkington (2001) examined some stories from more traditional sectors in which the 
stakeholder approach to strategy has a longer history. In reality, references to stakeholder approaches, 
sustainability and CSR which are found most frequently, corporate transparency and dialogue on 
environmental and social performance are often best developed; are found in energy production, 
mining, forestry and oil and gas industries. 
     Kemp (2002) explained why performing a radical change in technology, like a shift away from 
hydrocarbon-based energy technologies, is likely to be a gradual and slow process. Radical 
technologies often require longer lead times and also special skills, infrastructure and all kinds of 
institutional changes (organizational changes, regulation, new ideas and values etc.). Moreover, since 
the new technologies have not yet benefited from dynamic scale and learning effects (that result in 
economies of scale and revolutionary improvements in the technology); the short term costs are most 
likely to be at the higher end. According to Pujari et al. (2003), the most advanced environmental 
technologies and products will make contribution to the pursuit of sustainability, if those technologies 
and products can not provide a viable green product choice and can not push market share away from 
conventional products. Fuller and Ottman (2004) who are parallel to Pujari et al. (2003) stated that if 
such products can not show fundamental efficiency in their eco-performance without having any 
concession on the functional benefits of the products, those products doubtfully to be able to maintain 
long-term success in the market.  
     For leading to enhanced environmental performance and/or reduced environmental impact, 
environmental sustainability issues must include resource efficiency, dematerialization, reduction of 
waste and emissions (Pujari, 2006). The need for reacting appropriately to sustainable development 
challenge and, as a result, many have altered their business activities in purchasing (Carter et al., 
2000), product development, marketing (Pujari et al., 2003) and corporate strategy (Aragon-Correa 
and Sharma, 2003). Company benefits can occur, in general from internalizing environmental 
sustainability issues into business operations; and specifically, in developing greener products. Those 
benefits contain return on investment, increased sales, improved competitiveness, and enhanced image 
in addition to the others (Pujari, 2006). 
     Environmentally and socially responsible supply chain management is put into practice; and these 
practices are promoted to the consumers by the businesses. Tactics such as choice-editing, the 
elimination of hazardous substances in products, communication and marketing strategies, or the 
utilisation of eco-labels and fair trade labels for promoting products can be used by the companies for 
sustainable environment (Bleischwitz, 2009). 
     In the past, environmental sustainability was portrayed as involving compliance, expense and trade-
offs with other corporate goals; currently and also increasingly, it is viewed as an opportunity and a 
win-win logic of being  “green and competitive” environmental performance (Porter and Van der 
Linde, 1995; Pujari 2006). 
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2.2. Environmental Management System 
     In recent years, there is a significant change in the companies’ views of environment due to the 
concept of sustainable development and increase in environmental conservation consciousness. 
Corporate managers are under the pressure for changing their point of view to the ecological 
environment, and taking ecological environment into consideration as a significant factor during their 
decision making process for corporate activities. Non-Governmental Organizations (NGOs) and 
consumers are demanding lesser pollution and waste, more recycling, higher utilization of renewable 
resources and ecologically safer products. Corporate managers who do not want to be behind these 
changes, consider such demands while they are taking strategic decisions, and are in a position to 
develop environmentally conscious management systems. Development of environmental conscious 
and environmental management systems in the companies is based on the top management’s 
sensitivity to the environmental issues. 
     Management sensitive to the environment has a goal for considering ecologic environment as an 
important element in their decision-making processes, and for reducing or totally eleminating the 
environmental damages in their activities. In this framework, management sensitive to the 
environment has an understanding for changing design and packaging of the products, changing 
manufacturing processes, for infusing the protection of ecologic environment into the corporate 
culture, and for being an institution to fulfill its duties to the society within the concept of social 
responsibility (Nemli, 2000). Onkila (2011) accepts and defines the environmental management as any 
action taken towards, in a sense of improving corporate environmental performance. Those actions, 
from identifying the impacts to managing them and utilizing them in improving competitiveness, 
within an organization for reducing the environmental damage are regarded as environmental 
management. Hopkins (2005) addressed to the effects on, not only any particular stakeholder group, 
but on the larger institution of business. As an example, numerous environmental disasters made the 
public aware of the effect of business decisions on the public at large. Such a new awareness resulted 
in the pressures for environmental regulations, which eventually affected not only one specific firm, 
but the whole institution of business. 
     Nowadays, in addition to the NGOs and customers, governments are pushing the companies for 
participating in responsible activities to the environment. Since 1996, Environmental Management 
Systems (EMSs) have earned increasing attention after The International Organization for 
Standardization (ISO) defined its EMS standard, ISO 14001. By developing an environmental policy, 
evaluating their internal processes affecting the environment, creating objectives and targets, 
monitoring progress and obtaining management review; Their impact to the natural environment is 
under systematical consideration via EMS which is adopted by enterprises (Darnall and Edwards, 
2006). A tool to the organizations with a method for systematically managing and improving the 
environmental aspects of their production processes is called EMS. This tool assists organizations for 
fulfilling their environmental obligations and performance goals. Despite an EMS can be put into 
progress in several different ways according to the precise sector or activity and the needs perceived 
by management, but there should be several common operating principles present (The European 
Commission, 2011). In Rajendran and Barrett’s (2003) article; these operating principles of an EMS, 
particularly ISO 14001 which is built on Total Quality Management (TQM) concepts, follow a ‘Plan-
Do-Check-Act Cycle’ (PDCA Cycle). 
     Despite ISO 14000 standards are mutually supportive to each other, but also for achieving 
environmental goals, each can be implemented independently. As a management tools for 
organizations the entire ISO 14000 family of standards can be used for managing their environmental 
features and assessing their environmental performance. Significant material economic benefits, 
including the following, can be obtained by these tools, collectively: decreased raw material/resource 
use, decreased energy consumption, enhanced process efficiency, and decreased waste generation and 
disposal costs, recoverable resources utilization (ISO, 2009). EMS can be dealt with ISO 14001:2004 
and ISO 14004:2004 while ISO 14001:2004 includes requirements for an EMS, ISO 14004:2004 is a 
general EMS guideline. ISO 14001, a management tool, enables an organization of any size of type 
for: identifying and controlling the environmental impact of its activities, products or services, 
enhancing its environmental performance on continuous basis, implementing a systematic approach to 
set environmental objectives and targets, to achieve these and to demonstrate what they have  
achieved. Guidelines on the elements of an EMS and its implementation are in ISO 14004:2004 which 
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also discusses principal issues involved. The requirements for such an EMS are specified in ISO 
14001:2004. Objective evidence, which can be audited for the purpose of demonstrating that the EMS 
is operating effectively in conformity to the standard, is demanded for fulfilling these requirements 
(ISO, 2011). 
     Commencing an initial complete review of its environmental practices, formulating and 
implementing an action plan for environmental management with continuing performance targets, 
clearly identifying internal governance responsibilities for environmental issues, and making 
necessary corrections to address identified environmental problems; are required for a facility  to be 
awarded for ISO 14001 certification (Potoski and Prakash, 2005). Florida and Davison (2001) 
concluded that increased recycling activity as well as reductions in air emissions, solid waste, and 
energy usage; were more likely reported by the high-adopters of EMS. Their studies focusing on the 
results from implementing EMS have also identified economic benefits as well as environmental 
performance improvements. Potoski and Prakash (2005) added to Florida and Davison’s (2001) 
studies that facilities surrounded with more educated residents in their neighborhoods are more likely 
to join ISO 14001. Anton et al. (2004) stated that the lower toxic emissions, particularly for firms that 
have higher pollution intensity; and also, the lower toxic emissions per unit output particularly for 
firms with higher pollution intensity in the past; were attained by more comprehensive EMSs. 
Reductions in both off-site transfers and on-site releases per unit output are the results of EMSs. 
Lastly, regulatory and market-based pressures have no direct impact on toxic releases but an indirect 
effect by encouraging institutional changes in the management of environmental concerns. Dasgupta 
et al. (2000) suggested that environmental management led to a significant improvement in the 
compliance status of Mexican firms. 
     Natural resource use, solid waste generation, and wastewater effluent, as three areas of impacts, not 
explored in the literature before; were examined in Arimura et al. (2008) study. The effectiveness of 
ISO14001 in relation to environmental regulations was also studied uniquely. Summary of their 
findings are: first, all three impacts were helped to be reduced by ISO14001 and report publication; all 
impacts except waste water were found in previous studies; second, environmental regulations have no 
weakening effect on ISO 14001; third, as a voluntary approach, promoting facilities’ adoption of ISO 
14001 were supported through assistance programs by local governments. Findings also suggest that 
command-and-control and voluntary approaches can concurrently be used by governments. 
     Initiating and controlling environmental improvements in the context of supply chain cooperation 
are used by EMSs in the study of Nawrocka (2008). ISO 14001 uses an optional supplier selection 
criterion for supply chain cooperation. As a result, companies, which are not focusing on 
environmental work within their supply chains, lose the potential of impacting the environmental 
profile of suppliers by shaping their ISO 14001. According to the outcomes of Rehfeld et al. (2007) 
analysis, considerable positive effect on environmental product innovations is achieved via EMS by 
ISO 14001.  
    Determining the degrees of importance of the factors influencing the ISO 14000 EMS 
implementation in the Turkish firms and the differences of these factors according to firm 
characteristics are the primary objectives of Bolat and Gozlu’s (2003) study. For this purpose, 66 
firms, which implement ISO 14000 EMS, or firms that prepare to implement ISO 14000 EMS in one-
year time, were surveyed. Four groups of the factors persuading the implementation of ISO 14000 
EMS were; (1) willing to obtain improvements in financial indicators, (2) expectations of 
improvements and attitudes in processes related to environment, (3) competition, and (4) certain issues 
related to stakeholders. The most important factors influencing the ISO 14000 EMS implementation 
were the expactations of improvement, attitudes in processes related to environment, and issues related 
to the stakeholders. Moreover, sector, firm age, sales revenue, foreign capital, being export oriented, 
practice of duration for ISO 9000 Quality Management System (QMS), starting date of ISO 14000 
EMS, having received environmental award and implementation status of TQM were some differences 
found in the factors influencing the ISO 14000 EMS implementation. 
     According to Florida and Davison (2001), has been used by a fairly large group of manufacturing 
plants; and been associated with plants which are larger in size, more committed to the total quality 
management, and more innovative in general. The bottom line quest to increase productivity and as 
well as government regulation are the primary motivation for these companies. 
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     The lack of impartial regulation should be accounted as a key difference among firms in different 
sizes (Brio and Junquera, 2003). Biondi et al. (2002) said that greater attention to bigger companies 
than to smaller ones were the practice of the public policy-making bodies responsible for 
environmental control. SMEs perceived as being the backbone of European industrial system, 
represent more than 99% of the total number of enterprises in Europe (The European Commission, 
2010). SMEs, numerous and heterogenous in nature and their environmental performance are difficult 
to be controlled by the public policy-making bodies. 
     Despite their intervention will be primarily focused on their company sector and particular 
circumstances; the crucial issue for future survivability of SMEs have to be environmental pressures 
(Sanchez et al., 2003). The immediate target of some Public Administrations is at the same level as 
large companies facing the environmental challenge and Environmental legislation is general in nature 
(The European Commission, 2010). The basic question at this point is what will happen to SMEs.  
     However, their individual sizes as a whole, SMEs are accounted as a giant group. Therefore, their 
cumulative impact on environment is tremendous; and inevitably SMEs have to implement EMS. 
     As a key note, Florida and Davison (2001) emphasized that EMS was an instrumental tool for 
orchestrating the community relationships with dealing with the key stakeholder groups on potentially 
controversial environmental topics. Finally, EMS is an extremely effective instrument for managing 
environmental costs and risks inside and outside the factory and is a factor that adds to – rather than 
detracts from – bottom-line.  
 
2.3. Environmental Innovation    
     Today, environmental problems have gained a strategic importance parallel to the recent 
developments. Current level of environmental problems is increasingly becoming essential in the eyes 
of investors, regulators, customers and the society at large. Organizations, in one hand, are improving 
their economical strenght via controlling the nature by rapidly progressing science, technology and 
industry; on the other hand, are destroying the nature. While organizations are the main contributor to 
the environmental problems, they have significant responsibilities for solving those problems. 
Whatever their sizes are, organizations should incorporate all their activities with environmental 
issues; and their approach and responsibilities to those problems should not be limited to “resolve it 
after it occurs”, but be proactive and find solutions to those problems, before they surface. 
Organizations must tailor more active approach, and should be heading towards a greener direction 
more clearly. Environmentally friendly organizations are considered as the future organizations. 
Organizational activities are required for changes and improvements, like innovation as a first step, for 
preserving the environment. 
     “The implementation of a new or significantly improved product (good or service), or process, a 
new marketing method, or a new organizational method in business practices, workplace organization 
or external relations” is the definition of innovation by OECD (2009).  
     The importance of all types of innovation in creating and maintaining competencies and responding 
to environmental and demographic restrictions, was highlighted by UK’s Department for Innovation 
(2008). In their commend on the wider implications of innovation in the face of globalisation and 
environmental challenges. There is a consensus that organizations and economies must innovate and 
promote innovation for both to sustain their competitive position and to strengthen it. Innovation is a 
strategic issue and a key policy.  
     According to Geffen and Rothenberg (2000) the connections between material use, production 
process and environmental effects in manufacturing facilities propose that the significant role of 
suppliers in acquiring and assimilating external information, spreading the capacity of a company to 
implement deep-seated innovation, can also hold in the zone of environmental innovation.  
     As a specific social phenomenon, environmental innovations (also called ecological innovations 
and eco-innovations) are the interaction between human activities and their effects on natural 
ecosystems, which is the primary concern.  
     Arundel and Kemp (1998) stated the basics of environmental innovation, which are new or 
modified processes, techniques, systems and products to eliminate or reduce environmental damage. 
According to Florida et al. (2000), there are two dimensions in the relationship between business 
performance and environmental improvement. First dimension is that environmental innovations as a 
way to reduce costs through improved or more efficient production processes might be adopted by the 
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organizations. Second dimension is that by product of changes accomplished to reduce other costs, to 
improve productivity, and to improve plant performance might be named as environmental 
improvement. As an example, adopting a chemical free procedure for paint removal for the purpose of 
speeding up the production process is as a decision taking by a company that also decreases the use of 
polluting chemicals (Florida and Davison, 2001). 
     Environmental innovation in technological and non-technological changes results in a reduction of 
environmental impact. While technological changes occur in products and processes, non-
technological changes occur in marketing, organizations and institutions. These changes can include 
modification and re-design of practices, alternatives to existing practices, or the creation of new 
practices. Experience shows that higher environmental benefits are usually the results of more radical 
changes in methods, such as alternatives and creation (OECD, 2009). 
     The Oslo Manual by OECD (2005) as the internationally recognized standard for measurement of 
innovation identified four types of innovation: product innovation; process innovation; marketing 
innovation and organizational innovation. The first two types define innovation in terms of 
technological product and process innovations. Created technologicaly new products and processes 
and distinctive technological improvements in products and processes are the components of 
Tecnological Product and Process (TPP) Innovations. A TPP innovation is named as product 
innovation if it has been introduced on the market; or named as process innovation if it has been used 
within a production process. TPP innovations contain a series of activities in science, technology, 
organization, finance and commerce. A firm that has implemented technologically new or significantly 
technologically improved products or processes during the period under review is categorized as a 
TTP innovating firm.  
     A process innovation is the utilization of a new or drastically improved production or delivery 
method. Such changes are in techniques, equipment and/or software. A product innovation is the 
introduction of a good or service, which is new or radically enhanced with respect to its characteristics 
or intended usages. These radical improvements are in technical specifications, components and 
materials, incorporated software, user friendliness or other functional characteristics (OECD, 2005). 
Lager (2002) explained that developing new products, improving product properties, enhancing 
product quality etc. are the objectives of product innovation. 
     Market needs and eventually external customers mostly drive product innovation work that is 
principally effectiveness-driven. Respectively, the needs of production (i.e. internal customers) mostly 
drive process innovation work that can be said to be principally efficiency-driven. However, notably, 
these concrete descriptions and difference of product and process innovation activities do not mean 
that there can not be a combination of the two activities and objectives in an innovation project. 
Nevertheless, the importance of distinguishing the two types of innovation activities and objectives is 
highlighted in these discriptions and separation (Bergfors and Larsson, 2009).  
     Pujari (2006) discusses that the leading firms in developing eco-innovations by thinking in a 
positive sustainability mode rather than a reactive mode of just eliminating environmentally 
problematic features; have fully integrated such tools into their new product development planning. 
Those tools are like “design for environment” (Pujari, 2006; Gehin et al., 2008), ‘‘life cycle 
assessment’’ (Gehin et al., 2008; Tingström and Karlsson, 2006), ‘‘environmental effect analysis’’ 
(Tingström and Karlsson, 2006), “life cycle environmental cost analysis” (Kumaran et al., 2001), and 
“the design of environmentally conscious products using Computer-aided design (CAD) and  
Computer-aided engineering (CAE)” (Vinodh, 2011). 
     Frondel et al. (2007) found an apparent dominance of cleaner production in seven OECD countries: 
76.8% of the facilities invest largely in cleaner production technologies much for new production 
processes, but less for new products. Frondel et al. (2007) study showed that cost savings, general 
management systems and specific environmental management tools tend to favor clean production, 
while the regulatory measures and the strictness of environmental policies are more important for end-
of-pipe technologies. 
     Montabon et al. (2007) stated that Environmental Management Practices are positively related with 
product and process innovation. Papinniemi (1999) said that process innovation’s core aspect is to 
make possible a profitable business and manufacturing process. While novel features of products are 
imperative for consumers in product innovation, so likewise, all contributors of operating process 
features can get customer benefits through process innovation. Baer and Frese (2003) said that process 
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innovation is expected to convey manifold benefits to an organization and help an organization to 
succeed competitive gains. But substantial numbers of organizations have implemented these practices 
without much success.  
     Rehfeld et al. (2007) study recognizes a positive correlation between environmental organizational 
measures and environmental product innovations for German manufacturing sector. Moreover, waste 
disposal measures and product take-back systems are important components of environmental product 
innovations, regardless to other factors and company specific characteristics. Environmental product 
innovations are closely linked with environmental process innovations in such a way that changes of 
the production process are typically induced by product changes. 
     Brent and Labuschagne (2004) indicated that product and process design issues with manufacturing 
planning and control problems are integrated in Green System by identifiying, assessing and managing 
the flow of environmental waste for the purpose of diminishing environmental impact; and trying to 
maximize resource efficiency for production of sustained components.  
     Bovea and Wang (2007) emphasized that the factors like manufacturing and product design 
practices and environmental issues and concerns critically intersect at environmental consciousness. 
Inderfurth (2005) also added remanufacturing of used products in this critical intersection.  Chen and 
Wang (2008) stated that minimal material usage, enhanced material choices, design for simple of 
disassembly, product reuse, minimal energy consumption, manufacture without producing hazardous 
waste and usage of clean technologies are included to the practical aspects of environmental conscious 
design and Inderfurth (2005) also added remanufacturing of used products to the practical aspects.   
     Design process where a product's environmentally preferable features, like recyclability, 
disassembly, maintainability, refurbishability and reusability, which are categorized as design 
objectives rather than as limitations is called Product Design for Environment (Ashley, 1993). 
    According to Gehin et al. (2008) Design for Environment is like a global strategy that is intended 
for developing the environmental performance of the organization through a novel approach to the 
design of products and processes. Design for Environment is the analysis of Life Cycle Analysis data 
in order to classify and quantify the environmental impact of the product. Design for Environment has 
aided to carry environmental realization into the organization. According to Pujari et al. (2003) The 
Design-for-Environment’s approach means that Environmental New Product Development is not a 
completely different procedure to traditional New Product Development, but includes adding an extra 
level of difficulty into the New Product Development process. This process must keep delivering basic 
benefits to consumers, while also speaking stakeholder requirements for enhanced eco-performance 
and manage any essential trade-offs with existing core or supplementary product benefits. 
     In companies, there are several forms of Eco-innovation or sustainable development innovation in 
particular reference to New Product Development. Eventhough a few of product innovations are 
disruptive innovation (e.g. wind power, hybrid car); according to Hall and Vredenburg (2003), product 
innovation for sustainability in companies is either public policy persuaded or is market-driven. 
Incremental or evolutionary innovation (e.g. remanufactured products, recycled content, organic 
cotton-based clothing, water-based paints, to name a few) are related to most of the sustainable 
innovation in New Product Development (Pujari, 2006). 
     As far as the environmental innovation is concerned new eco-efficient technologies can be 
categorized under technology push factors. Meanwhile preferences for environmentally friendly 
products or image can be categorized under market pull factors. Technological development 
(technology push) or demand factors (market pull) are the drivers of technological innovation. Cleff 
and Rennings (1999) separate ecological product- and process-innovations. The strategic market 
behavior of firms (market pull effect) significantly drives the environmental product innovation; 
meanwhile, the regulation (regulatory push/pull effect) drives the environmental process innovation, 
more. The impact of the regulatory framework (regulatory push/pull) is the extent of the traditional 
discussion of innovation economists because of the externality problem of eco-innovations (Cleff and 
Rennings, 1999). Porter and Van der Linde (1995) said that Eco-innovation is heavily influenced by 
the regulatory framework and especially environmental policy. According to Gehin et al. (2008) the 
environmental awareness is mostly driven by regulations and standards in any industry. Diverse 
standards have fortified companies to reconsider their way of production. 
     Environmentally innovative firms in comparison to the other, more passive firms, show less 
dependency on hard state regulation. Hence, for pioneers, soft and voluntary environmental policy 
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measures can be sufficient. Nevertheless, hard measures (command and control instruments, duties) 
are seemingly still necessary for an infusion of integrated measures to non-innovative firms (Rennings, 
2000). 
     According to Fischer et al. (2003) alternative policy instruments for preserving the environment are 
often choosen by the Policy-makers. The influence of different policies on company incentives for 
developing cleaner production technologies is a key consideration which is affecting this choice.  
     As far as the reduction of ecological impact is concerned; some firms develop and market new 
technologies; others follow governmental regulations for production processes, yet others basically 
build up communication or lobbying activities; while some others are inactive in their ecological 
impact (Boons, 2008). 
 
2.4. Remanufacturing 
     The remanufacturing industry began during the Second World War. Since the needs were increased 
and unmet, natural resources became scarce or unreachable due to the war; manufacturing activities 
were shifted to rebuilt used parts or remanufactured products from the original products. Despite the 
ongoing war, manufacturing industries were forced to produce alternative economic and industrial 
growth paths for the society running.  
     During the past decades, remanufacturing is a significantly growing field of the manufacturing 
industry due to the environmental requirements and its economical benefits. Remanufacturing is 
practiced in many industries, especially and mostly in the automotive industry. Some examples of 
remanufactured products are automobile parts, military vehicles, aircraft parts, industrial robots, 
furnitures, electric home appliances, photocopiers, computers, printers, toner cartridges, tires, 
telecommunication equipments, cellular phones, single-use cameras, heavy-duty engines, construction 
machineries, medical equipments etc. 
     Standard definition of remanufacturing is the process of restoration of worn, discarded or used 
durable products to “like-new condition” (APRA, 2010). Remanufacturing is the process of restoring a 
nonfunctioning complex assembly to a “like-new” functional state by rebuilding and replacing its 
component parts (Ijomah et al., 1999). Later, Ijomah (2008) extended his definition to that a process of 
bringing used products to at least original performance specification from the consumers’ perspective 
and giving them warranties at least equal to that of their originals is called remanufacturing and being 
considered as a crucial strategy in waste management and environmentally conscious manufacturing. 
     A broadest definition of remanufacturing coming from Sundin and Bras (2005) is “the process of 
rebuilding a product, during which the product is cleaned, inspected and disassembled; defective 
components are replaced; and the product is reassembled, tested and inspected again to ensure it meets 
or exceeds newly manufactured product standards”. By and large, the remanufacturing process is 
separated into these phases: disassembly, cleaning, testing, repairing, parts inspection, component 
updating, parts replacement and reassembly (Rathore et al., 2011; APRA 2010; Sundin and Bras, 
2005). Kerr and Ryan (2001) created very detailed steps in a generic remanufacturing process in their 
study, also Sundin and Bras (2005) composed a simple figure as steps in a generic remanufacturing 
process according to above phases. According to Zwolinski et al. (2006) the original design may be 
enhanced to improve reliability, make maintenance simplier or add more sophisticated controls. The 
upgrading phase that does not extend the life of inefficient and outdated products is fundamental in 
ensuring continued viability of remanufacturing. 
     Remanufacturing is focused on individual components and not only saves the material value of the 
product, but also saves a considerable fraction of the energy used in production of those components. 
As a result, significant environmental benefits are created. Not only the repair of all defective 
components, but also, an overhaul and upgrade of the entire product assembly are included in 
remanufacturing. Obviously, in comparison to the remanufacturing, smaller environmental benefits 
created in recycling and the quality of refurbished products does not match the quality of 
remanufactured products. Customer expectations for a new product are met by the remanufactured 
products where refurbished products do not match the same (Shah et al., 2010). 
     Principally, remanufactured products and components function and own the same quality as new 
products. Environmental and economic costs of manufacturing and disposing of products and 
components used products and components are reduced by remanufacturing in which recovered End 
of Life parts are used. By offering customers remanufactured products, fewer resources are utilized by 
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the companies at the same level of serves. Therefore, the resource intensity can be diminished, and the 
eco-efficiency of product systems can be increased (Kerr and Ryan, 2001). Kerr and Ryan (2001) 
come up with a more comprehensive description of a generic remanufacturing process. Different 
remanufacturing strategies are implemented by the remanufacturing companies. In some cases, total 
disassembly is used in the products and then error detection is conducted, in some other cases as a first 
step and inspection is made with the allocation of parts that are in need of replacement. An accurate 
inspection and evaluation of the remaining product life can be carried out earlier; the processing of 
products which later will be discarded, will be required less. In several studies, having the inspection 
performed after the cleaning and disassembly offenly described the remanufacturing process. This way 
is not always efficient, nevertheless, in case the product has fatal errors it will be useless to 
remanufacture. Products arriving at the remanufacturing facility are almost always one through a 
visual inspection for major defects, as a part of product sorting. However, if the product is cleaned, the 
detailed inspections are easier. Choosing a strategy for efficient remanufacturing is always necessary 
since each manufacturing process and each type of product being remanufactured are unique (Sundin 
and Bras, 2005).  
     Over the past few decades, increasing interest in remanufacturing has initiated several studies. 
These studies have focused on different aspects of remanufacturing. Majority of remanufacturing 
studies focus on their environmental importance and upon its suitability to product design. There has 
not been too much academic study related to understanding remanufacture as a business process nor 
have any influential tools and techniques been established that will enable remanufacturing companies 
to manage and control such complex and indeterminate business operations (Ijomah et al., 1999).  
     Sundin and Bras (2005) claimed that the green image of remanufacturing can make companies 
benefit from it. Remanufacturing’s business notion is established on the proposition that resources that 
were utilized in the product manufacturing are reused and therefore it enables remanufacturing an 
advantageous practice (Östlin et al., 2008). Remanufacturing establishes the probability for 
accomplishing environmental advantages both for upstream and downstream. The reuse of products 
enables upstream to entail fewer consumption of raw material, and downstream to have fewer waste 
produced (The European Commission, 2008).     
     According to Steinhilper (2001) study, realizing the same product at about half of the cost of a new 
one can be considered as remanufacturing. In general, remanufactured products have a price range 
between 40% and 80% of a new product price with an average of 60%. This complies not only with 
the cost but it is a win-win situation for both the customer that have an attractively priced product and 
the remanufacturer that is being able to operate profitably. 
     The value in the form of cost of materials, energy, labor and manufacturing operations which are 
added in a product; is contained in reuse, repair and remanufacturing. However, the product quality 
which is as good as new is only quaranteed in remanufacturing (King et al., 2006). As well as being 
environmentally sound, Remanufacturing/refurbishing is environmentally effective and also a more 
profitable way for the manufacturer to handle returned products. In addition to decreasing final 
disposal costs of products and components, remanufacturing prevents to increase environmental 
impacts and costs of manufacturing processes (Kerr and Ryan, 2001). According to the outcomes of 
Heese et al. (2005) research, in a competitive environment a corporation can start a product take-back 
and remanufacturing to enlarge its benefits in production costs or market share to the loss of its 
competitors. Companies that take back used products should drastically decrease their new product 
prices. This price decrease will surpass the income a customer would gain from selling the used 
product on the secondary market. Remanufacturing is a value adding regaining action made on the 
product. The value adding of the remanufacturing action is not only focused on diminishing 
production cost. Several issues such as providing service, image, environmental accountability, etc, 
are added to the customer value of the remanufactured product (Toffel, 2004).  
     Remanufacture can be reflected comparatively superior to the similar end-of-life strategies such as 
repair and reconditioning because the outcome will be a higher product quality with a prolonged life, 
making it more commercially feasible (King et al., 2006). End of Life strategies such as 
remanufacturing that make possible companies to make profits and to improve the environmental 
performance of the good, sometimes even higher than what is obligated by the legislation (Gehin et 
al., 2008). The remanufacturing is an end-of-life strategy in which the use of raw materials are 
decreased, energy is saved and value added is preserved in the design and manufacturing processes. 
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Since, products are not designed suitable for remanufacturing, remanufacturing processes should be 
tailored to existing products in most of the cases. But, such adaptations increase costs and this leads to 
the reconsideration of the remanufacturing process in terms of the overall benefits (Zwolinski et al., 
2006).  
     Nasr and Thurston (2006) stated that there are two levels of remanufacturing design: the product 
strategy level (which considers primarily sales, marketing, service support, and reverse logistics 
affairs), and the comprehensive product and manufacturing engineering level. According to Hatcher et 
al. (2011) Design for Remanufacturing; it is widely recognized that the designing period of any 
product’s lifespan has the major impact on issues such as cost, manufacturing and end-of-life 
possibilities. The aim of Design for Remanufacturing is to improve remanufacturability. Design for 
Remanufacturing is regarded as a distinct design activity which includes the deliberation of various 
design issues related to remanufacturing. Design for Remanufacturing might include decision makings 
like standardising parts or choosing a more robust material to elevate the remanufacturing process. It is 
most likely to take place when Original Equipment Manufacturer (OEM) is applying remanufacture 
themselves, either because of environmental, legislative or financial reasons, or as a way of supplying 
spare parts. Matsumoto and Umeda (2011) observed that companies’ efforts to meet one of the 
requirements for successful remanufacturing are designing products for remanufacturing. The 
companies apply Design for Remanufacturing of products to assist remanufacturing, which 
considerably improves the efficiencies of their remanufacturing processes. According to Matsumoto 
and Umeda (2011) three core necessities for successful remanufacturing can be pointed as follows: (1) 
developing systems of gathering for used products; (2) developing effective remanufacturing 
processes; and (3) promoting consumer demand for remanufactured products. Companies’ efforts in 
order to realize these necessities may be as follows: (1) creating a new collection channel, (2) 
developing reverse logistic systems in order to gather used products, and (3) designing products for 
remanufacturing. 
     Remanufacturing is a recapturing process in which the value is added to material when a product is 
first manufactured. With diminishing energy consumption and carbon emissions in addition to 
providing skilled employment, remanufacturing creates a highly important contribution to the creation 
of a sustainable society. Design for Remanufacture enhances the remanufacturing process and 
business model and thanks to this a significant increase in competitiveness and innovation takes place. 
The design ability for classifying and resolving inefficient parts of remanufacturing is inadequately 
understood or irrelevant to the majority of remanufacturers because as small scale independent 
remanufacturers they have slight or no control over the designing process. OEMs have control over the 
design proces and have potential to control remanufacturing; as such OEMs are the keys for 
establishing Design for Remanufacture yet only a small number of OEMs are presently involved in 
remanufacturing (Gray and Charter, 2007). 
     According to Nasr and Thurston (2006) Remanufacturing process’s social benefits in terms of 
decreased energy and material consumption and decreased amount of wastes are not possible to be 
accomplished if design for remanufacturing does not become an essential component of the product 
development process. Design for remanufacturing, reuse, and recycling have potential for measurable 
economic returns for manufacturer, besides resulting comparative advantage in sustainable production. 
Designs for remanufacturing technologies have a focus on the comprehensive product design issues. 
These issues are: Design for disassembly (and separation), Design for multiple life-cycles (product 
reliability, durability, restoration and cleaning), Modular design: functional clusters of components 
with similar technical (durability) and market life (technology change rate), Product support for take-
back decisions (embedded condition or usage monitoring). 
     The results of Rubio and Corominas’s (2008) paper show that remanufacturing is more suitable 
with lean production practices, and the utilization of a mixed strategy in which manufacturing, partial 
recovery and disposal are combined; and economic benefits helping to companies to enhance their 
competitiveness can be generated by remanufacturing. 
     According to Kerr and Ryan (2001), in theory, remanufacturing can add to more eco-efficient and 
sustainable product systems. But, the contribution of remanufacturing will be restricted by the 
suitability of products for remanufacturing. Many aspects of the product system, such as product 
design, the frequency, volume and state of product returns, transportation distances and costs, the 
value of remanufactured products and the demand for these products and the cost of remanufacturing 
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comparative to the cost of other alternatives for dealing with End of Life products; dictate the 
suitability of a product for remanufacturing. 
     One of the most broadly adopted implementation strategies for prolonging product life cycle, 
closing the loop on material flows, and reducing total material consumption is remanufacturing (Nasr 
et al., 2011). The environmental importance of remanufacturing is to prolong product’s life time by 
creating a second life, since less material is needed to meet customer needs in a product which lasts 
longer through remanufacturing (Gehin et al., 2008). 
     According to Steinhilper (2001), for the purpose of assessing product’s suitability for 
remanufacturing, all technical, economical and ecological factors will contribute to the decision and 
should be taken into consideration. The suitability of products for remanufacturing can be tested by 
using eight different criteria: (1) technical criteria (type or variety of materials and parts, suitability for 
disassembly, cleaning, testing, reconditioning), (2) quantitative Criteria (amount of returning products, 
timely and regional availability), (3) value criteria (value added from material/production/ assembly), 
(4) time criteria (maximum product life time, single-use cycle time), (5) innovation criteria (technical 
progress regarding new products and remanufactured products), (6) disposal criteria (efforts and cost 
of alternative processes to recycle the products and possible hazardous components), (7) criteria 
regarding interference with new manufacturing (competition or cooperation with OEMs), and (8) other 
criteria (market behavior, liabilities, patents, intellectual property rights). 
     There are some other studies on the subject of OEM related to remanufacturing. In these studies 
OEMs have several benefits over independent remanufacturers and maybe, bigger incentive to 
remanufacture (Matsumoto and Umeda, 2011). 
     Despite the general concensus that remanufacturing is an efficient and profitable activity, 
regrettably, it is not yet a majority option for most OEMs that decide not to adopt the remanufacturing 
option due to the cost and internal cannibalization (Ferguson and Toktay, 2006). For OEMs 
remanufacturing is considered as an emerging market with many opportunities (Rubio and Corominas, 
2008). 
     Profitability of remanufacturing for OEMs has been verified in several studies (Hammond et al., 
1998). Due to the opportunities created by remanufacturing for increasing profits and gaining feedback 
on failure modes and durability, OEMs have greater interest in remanufacturing as an encouraging 
sign (Gerrard and Kandlikar, 2007). Gehin et al. (2008) emphasized that the industry of 
remanufacturing postures the issue of sharing the costs as well as a product’s added value. Reverse 
Logistics and Disassembly are particularly delicate issues, in terms of their possible disability in 
performing the OEMs as it frequently remains away from its essential business, as opposed to the parts 
remanufacturing such as cleaning, testing, restoring or assembly. Consequently, the average process of 
recovering requires envision immediately, especially at the phase of designing. Considering the 
product remanufacturability at the stage of designing is therefore not only an issue of designing the 
product, but also about designing the process and the supply chain related to remanufacturing activity. 
    Hammond et al. (1998) findings show that considerable process improvements and savings can be 
obtained by the implementation of lean production techniques (which are one of the main causes of 
part proliferation and product diversity) in the remanufacturing industry and consequently creating 
lean remanufacturing processes. Hammond et al. (1998) searched that evaluating the 
remanufacturability of a product is one of the “real world” trends.  
     Currently, International legislation intends to push manufacturers to diminish the environmental 
impacts of their products and manufacturing process, and to punish them in accordance to the amount 
of waste they produce. Reducing product price and at the same time maintaining quality are required 
from organizations by the global competition. These competitive, legislative and environmental 
pressures can be met by remanufacturing. Steinhilper (2001) referred that remanufacturing will be 
attractive and common one day. In the future, new products will include remanufactured parts as they 
include reprocessed material from the steel industry today. Remanufacturing has been slowly uptaking 
in the industries but the industries are getting more aware of its benefits and potentially important role. 
 
3. Conclusion 
     There have been growing concerns over the economic, social and environmental issues for the 
purpose of guarantying the long term viability of society at large and the planet for environmental 
sustainability. Environmental sustainability has importance for ensuring that we have and will 
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continue to have the water, materials, and resources to protect human health and our environment 
(EPA, 2011). As this issue is very common and critical in recent times; governments and organizations 
are taking positive actions; and academic world is working on solving environmental problems and 
protecting environment before the problems occur. Environmental Management System (EMS) is an 
effective instrument for organizations to reduce environmental impacts and improve overall 
performance. Generally, large organizations implement EMS as their social responsibility and 
voluntary actions. The studies on EMS are productive and comprehensive in the literature. Innovation 
is a fundamental aspect of the business context in most organizations, and environmental innovation is 
the new or modified processes, techniques, systems and products to eliminate or reduce environmental 
damages (Arundel and Kemp, 1998). Technological product and process innovations, as the types of 
environmental innovation are examined in the literature. Product innovation has been widely studied 
in the areas of new product development, product design for environment and design for 
remanufacturing. Despite the numerous studies on production innovation in the literature, those are 
missing the focus on process innovation. Lager (2002) stated that reduction of production costs, higher 
production yields, production volume increases and product recoveries, etc. are the objectives of 
process innovation; and it helps to reduce environmental impacts and also provides competitive 
advantages in the global and local markets. Another key element for consideration is remanufacturing. 
According to literature, interest in remanufacturing is rapidly increasing due to the understanding of its 
potentially important role in changing our environment. Remanufacturing can be profitable for 
organizations, and can create environmental benefits. 
     As far as the literature review in this study is concerned, following recommendations can be made 
for environmental sustainability: Since the majority of organizations are SMSs in the world, not only 
the large organizations but also SMEs should be measured and evaluated in terms of their hazards and 
impacts on the environment. Further studies can be focused on specifically related to SMEs to help 
them to achieve competitive advantages economically with their environmental business actions. 
Additionally, products should be planned as remanufacturable during their design processes to help 
remanufacturing processes. 
     Considering the rapid degradation in environmental conditions, the concern of nearing the earth’s 
limits, and the demands from consumers on preserving the environment; there is an emerging need for 
further studies on the process innovation in remanufacturing.  
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