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Abstract 

Since the release of Brundtland Report in 1987, sustainability practices have received a fair share of attention 
from researchers and practitioners alike. Sustainable manufacturing practices seek to optimize 
production efficiency while minimizing environmental impact and maintaining social equity. Research 
has shown that companies that adopt sustainable practices are able to achieve increased product quality, 
increased market-share and increased profits. In this work, we examine some of the challenges that 
companies face and the tools they can use to overcome them as they embark upon this journey. 
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1. Introduction 
The Brundtland report [1] titled “Our Common Future” released in 1987 by United Nations World 
Commission on Environment and Development (WCED) defines sustainable development as 

“development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs.” 

Research has shown that companies that adopt sustainable practices are able to achieve increased product 
quality, increased market-share and increased profits. However, there is a general misconception about 
the true meaning of sustainability and companies often end up focusing only on single aspect viz. energy 
consumption. In this work, we examine some of the challenges that companies face and the tools they 
can use to overcome them as they embark upon the journey of implementing true sustainable 
manufacturing practices. Section 2 introduces the topic and highlights some of its characteristics. Section 3 
and its sub-sections discusses in detail the various issues associated with implementation of sustainable 
practices. Section 4 presents the conclusions and identifies some future direction of work in this area. 
 
2. Basics 
With increased focus on sustainability and related matters, there exists a plethora of terms often used to 
represent the same concept such as eco-ef f ic iency , remanufactur ing , green  technology , cleaner  
product ion etc. Glavic and Lukeman [2] explain the semantic differences between these multitude terms. 
As companies hop on to the “sustainability” bandwagon, it is imperative to keep in mind the goals of 
sustainable development. Sustainable development seeks to optimize efficiency while minimizing 
environmental impact and maintaining social equity. These are considered to be the three pillars of 
sustainable development. It is also important to develop key performance indicators [3] for each of these 
three broad categories in order to evaluate the company’s performance. 
 
3. Challenges 
The factors [3] motivating companies to embark upon sustainable development include social 
responsibility and investor demands, government regulations and international standards, and increased 
customer consciousness. Researchers have tended to focus more on the environmental aspects of sustainable 
development. One important consideration is the energy consumption [4, 5] and the challenges associated 
with reducing the carbon footprint. Limited attention has been accorded [6] to the social dimension of 
sustainability as envisioned by United Nations Division for Sustainable Development (UNDSD) [7] such 
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as fostering equity both economic and gender-related, improving health-care and sanitation facilities, and 
raising literacy levels among other indicators. 
 
3.1. Product Design 
The conventional role of a product design in manufacturing firms has been to ensure that the product meets 
its desired objectives based on customer preferences taking into consideration performance, efficiency, 
ergonomics and aesthetics. Figure 1 shows the factors affecting the product designer’s decisions. 
However, with increased focus on sustainable manufacturing, the product designer is encumbered with 
additional responsibility of considering the environmental impact of his/her decisions. Thus, it becomes 
imperative for the designer to first acclimatize himself/herself with the various issues concerning 
sustainability. The choice of materials and processes has a significant bearing on the environmental 
impact. 

 
Figure 1 Factors affecting Product Designer (adapted from [8]) 

Design for environment (DfE) is a product design process [2, 9] that considers the potential 
environmental impact that a product can engender during its life-cycle and strives to minimize the 
negative impact by addressing these issues during the design stages of the product. This is also referred 
to as eco-design where the environmental aspects are considered and appropriately dealt with early on in 
the design stage. Figure 2 shows a typical approach followed in the product design process. 
Environmentally Conscious Quality Function Deployment (ECQFD) [10] is an extension of the traditional 
quality function deployment (QFD) matrix which is a two-dimensional matrix. In ECQFD, environmental 
metrics form the third dimension thus incorporating environmental considerations into the process of 
transferring customer requirements into product design. 

 
Figure 2 Product Design Framework (Adapted from [9]) 

3.2. Product Lifecycle Management 
A product life cycle typically consists of five stages [3] viz. pre-manufacturing, manufacturing, delivery, 
use and recycling or disposal. Figure 3 shows typical paths taken by products during its lifecycle. Life-
Cycle Assessment (LCA) helps to incorporate sustainability into the design process by analyzing all 
aspects of a product like the raw materials used, and wastes generated throughout the life of a product. 
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LCA methods have often been employed in energy management systems to minimize wastes and 
emissions. Some systems combine these methods with expert systems [12] to improve the accuracy of 
sustainability models constructed and the parameters estimated. Mathematical models have been developed 
[11] to facilitate intelligent decision-making regarding product continuation, marketing, new design 
development etc. during the product’s lifecycle to maximize the overall profit. DfE and LCA approaches 
have been combined [9] to incorporate both economic and environmental concerns into the product design 
process. 

 
Figure 3 Product Lifecycle Path (Adapted from [11]) 

Running a full-fledged LCA can be time-consuming and tedious since not all information pertaining to 
the product is available during the design stage. In order to obtain a rough-cut estimate of the 
environmental impact, a simplified LCA [10] has been developed based on group technology (GT) [13] 
concepts. Here products are grouped together based on their environmental impact in each of the different 
stages of the life cycle. It is also essential to obtain end-of-life (EOL) [10] cost estimates for each of the 
available options viz. recycle, reuse or disposal. This helps the company determine which of these paths 
to choose for the product. 
 
3.3. Production 
Aristotle once said [14] 

“Nature does nothing uselessly” 

This is the central concept behind sustainable production which aims to manufacture products utilizing 
limited resources and causing minimal pollution. Lean principles as envisioned by Womack and 
Jones [15] highlight the importance of continuously improving production processes by focusing on 
eliminating wastes. These not only help in improving quality, reducing wastes and increasing market-
share; but they also have the added benefit of being environment-friendly [16]. In today’s customer-
centric world, it becomes imperative to offer highly customized products at mass production prices while 
shrinking the design-to-market times through agile manufacturing, companies that take a holistic 
systems approach [17] to managing operations using lean principles, agility concepts and sustainable 
production practices continue to remain economically viable and successful at penetrating into newer 
markets. the use-productivity viz. using innovative techniques to save resources, maximizing utilization 
ratio of product to resource, and extending the life of the product. Energy consumption in manufacturing 
processes can be reduced by turning off unwanted machines automatically [5] using multi-objective 
optimization techniques that take into consideration the arrival rate of parts at the machine and the warm-up 
times associated with each machine. One mechanism to maximizing utilization ratio of product to resource 
is to have flexible and reconfigurable products which can be used in multiple applications. This principle 
of modularity is the central concept behind mass customization [19]. The ability to disassemble and re-
assemble products as needed is essential to make the product more versatile. 

Another more recent approach to sustainable manufacturing is extending the life of the product through 
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recycling, reuse or remanufacturing. Remanufacturing is defined [2] 

“substantial rebuilding or refurbishment of machines, mechanical devices, or other objects to 
bring them to a reusable or almost new state” 

Figure 4 shows the typical steps [20] involved in remanufacturing of products. Remanufacturing is 
preferable to recycling since parts are being reused. Reuse of used parts or products however poses a 
quality and reliability issue [20, 21]. The factors affecting the reuse of parts or products are the technological 
life of parts. In areas where technological developments occur at a fast pace, the older parts might be 
outdated thus precluding their reuse. For those parts that can in fact be reused, availabili ty and 
reliabili ty are important properties to be evaluated. Availability is a measure of how well the part is able 
to perform its function and reliability measures the probability of the part functioning satisfactorily over a 
period of time. 

 
Figure 4 Remanufacturing Process (Adapted from [20]) 

3.4. Technology Systems 
As companies begin implementing sustainable practices, it is important to view the entire system as one 
cohesive integrated unit. The different techniques such as LCA, DfE, ECQFD, lean manufacturing, quality 
control and regulatory standards have to be fully integrated into one single sustainable management system 
[22] which focuses on the entire supply chain. Simulation models generated using discrete event 
simulation concepts [23] help visualize the entire manufacturing system and analyze potential 
environmental impact the current system design engenders thus enabling designers and engineers to re-
design the system to improve its eco-efficiency. Information systems can be effectively used to 
continuously monitor the organization behavior in terms of resource usage, waste generation emission 
levels and production output. An intelligent manufacturing system [24] uses the data collected to quickly 
respond to set itself back on the sustainable path. 
 
3.5. Supply Chains 
In this increasingly “flat world” [25], companies source their parts from suppliers in geographically diverse 
locations. This necessitates that the flow of information and material be managed such that the three pillars of 
sustainability viz. economic, environmental and societal are satisfied. It has been found [26] that the general focus 
has been only on the environmental issues and a holistic approach focusing on all three dimensions of sustainability 
is still a rarity. All the partners in the supply chain have work together as a cohesive group to achieve sustainability. 
It is important to identify key environmental performance (EP) indicators in the areas of product design, packaging 
and distribution that the company should focus on throughout its supply chain. Multi-criteria decision models [27] 
help optimize these often-times conflicting objectives thus providing a structured approach to decision-making. 
 
In order to improve the social dimension of sustainability, the entire supply chain network can be modeled using 
input-output representations [6]. To begin with, it is important to select a few quantifiable social indicators such as 
labor equity, healthcare, safety and philanthropy from amongst the various social themes and sub-themes 
highlighted by UNDSD [7]. The entire supply chain network is then evaluated against these measurable and 
quantifiable indicators to determine the extent of sustainability implementation [6]. 
With the rapid growth in Internet-based technologies like Web 2.0, there is a rapid proliferation of e-business and e-
commerce. Thus, it becomes pertinent to focus on the environmental impacts of these e-businesses too. An 
integrated e-supply chain [28] manages the information flow across different partners in the supplier chain thus 
enabling the system to be more agile. The e-supply chain can be modeled as a network diagram [28] which analyzes 
the complex interactions between various parameters in the system in order to optimize the performance of such a 
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system and minimize its negative environmental impact. 
 
4. Conclusions 
Theodore Roosevelt succinctly captured the essence of sustainability when he said [29] 

“Our duty to the whole, including the unborn generations, bids us to restrain an unprincipled 
present-day minority from wasting the heritage of these unborn generations.” 

 
Sustainable manufacturing practices commonly used fall into the pollution prevention  [30] category. 
However, companies need to focus also on the product stewardship category which includes a litany of 
practices that extend sustainability into other germane areas such as product design and supply chain. 
International standards such as ISO 14000[31] help provide direction to companies seeking to implement 
sustainable practices through a four step procedure focusing on life cycle inventory analysis and impact 
assessment. However, it is also important to keep in mind that these standards are not an end in 
themselves. Companies have to continuously re-invent themselves in order to remain sustainable. A 
holistic approach considering all aspects of operations is necessary in order to reap maximum benefits 
from sustainability practices. 
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