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Abstract 

One need not look further than the use of the word sustainable to realise that meaning is critical to our shared understanding of the most 
pertinent discussions concerning the environment. But the need for clear definitions extends to words we believe to be used correctly, and 
whose meaning we believe is universal. Fortunately, terminology like “Life Cycle Assessment” has been clearly defined, but others like 
sustainability, sustainable material management, low impact mining, and even “environment” have yet to have universally agreed upon 
definitions. This paper will put forward definitions for relevant terms used in the context of the CIRP series of LCE conferences and by 
organizations such as the European Union (EU), the U.S. Environmental Protection Agency (EPA), and the Intergovernmental Panel on 
Climate Change (IPCC). 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 

Many written documents in the academic, business, and 
government realms assume there to be a universally 
understood meaning of the terms they use. Relatively few 
documents have stated their interpretation of the terminology 
they use. It is this lack of formally stated definitions in 
published works, public discussion and academia that we hope 
to address. This paper is meant to be a reference for 
definitions. 

An example of the confusion arising from a lack of formal 
definitions can be found in recent discussions about 
engineering education requirements and the pillars of 
sustainability [1] One author was thinking about the three 
pillars of sustainability, another about the four pillars as 
espoused by the UN and another about four pillars in a 
discussion about accreditation for manufacturing programs by 
the Accreditation Board for Engineering and Technology 
(ABET). Under these circumstances clearly defining what is 
meant becomes important, provides a point of reference, and 
decreases confusion. 

The following presents a set of definitions which are 
needed in environmental work. In the case of Life Cycle 
Assessment an appropriate definition has been created and it is 
elaborated further below. However, other important 
definitions are non-existent and yet they are needed, especially 
in the context of environmental work which is becoming 
increasingly litigious. [2] 

But a few terms believed to be important if not expansive 
are discussed. First we consider the objects of our concern, the 
“environment” and the “natural resources” it provides. Next 
we turn our attention to the goal of sustaining the environment 
that supports human activity and the natural resources we use, 
by discussing the definitions of “sustainable”, “sustainability” 
and some of their derivatives, like “sustainable development” 
and “sustainable material management”. At last we turn our 
attentions to the tools we use to achieve these goals: 
“engineering design”, “life cycle engineering”, and life cycle 
assessment”. 

Definitions and what is understood are important to any 
discussion. The understanding with which the audience is left 
is perhaps the most important measure of the efficacy of 
communication. As society has become increasingly complex, 
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with communicated terminology becoming more important in 
discussing environmental effects, the meaning of words and 
their definitions, has become increasingly important. Hence, 
the following is presented on definitions and terms used in 
environmental work. 

2. Environment 

The most important word in environmental work is 
“environment”. But there can be confusion over its meaning 
and it may stem from the many contexts for which it is used. 
For instance, the word “environment”, can be defined as 
“surroundings” whether physical or abstract, and can refer to 
many things: economic environment, educational 
environment, university environment, industrial environment, 
design environment, manufacturing environment, cutting 
environment, or metal forming environment. The possibilities 
are endless; hence when talking about life cycle issues or any 
environmental area related to it, a formal definition is needed. 
In the writings of organizations like SETAC, EPA and CIRP 
that are concerned with the environment, there is often a 
conspicuous lack of formal definitions for pertinent terms 
such as “the environment”. Hence, there is need for the 
following definition. 

2.1. A Definition of Environment 

A good place to start constructing a definition that will be 
used in legal circles is to refer to actual legal proceedings 
where terms and definitions have been agreed upon. In the 
case of formal, legal proceedings beginning in 1974, to 
determine if an oil pipeline should be installed, a definition 
for “environment” pertaining to the proceedings, was found to 
be lacking when a Canadian Royal Commission [3] was 
established to determine the environmental effects of 
installing a natural gas pipeline along the Mackenzie River 
Valley to the Arctic Ocean in the Northwest Territories of 
Canada. The head of the commission was British Columbia 
Supreme Court Justice Thomas Berger. All stakeholders were 
asked to contribute to a definition of the environment, 
including, First Nations (aboriginal peoples), industry, 
business, government and the local population.  With such a 
large group of participants, a legal definition acceptable to all 
was found, eventually, and before the commission could 
proceed. 

The definition for what is now often referred to as the 
Berger Inquiry was as follows, Environment: “The 
components of the Earth including  

 
(a) land, water and air, including all layers of the 

atmosphere;  
(b) all organic and inorganic matter and living 

organisms; 
(c) the interacting natural systems that include 

components referred to in paragraphs (a) and (b).”[3]  
 
For engineering design work pertaining to the 

“environment,” it is proposed the foregoing formal definition 
be adopted, including use of the word “environmental.” 

The Royal Commission also went on to say that 
Environmental Impact Assessment included “… the process 
of identifying, predicting, evaluating and mitigating the 
biophysical, social, & other relevant effects of development 
prior to major decisions being taken and commitments 
made”.[3] 

3. Natural Resources 

As there is currently no practical means of creating matter 
from energy, humans need to use materials available in our 
environment. These materials are all originally derived or 
extracted from items listed in (a) and (b) of the preceding 
definition of the environment. Whether it is wood from the 
forest, minerals from the ground, nitrogen in the air, or the 
water we drink, they are all naturally occurring. They are 
therefore natural resources.  

Natural resources is defined as “those materials or 
substances of a place which can be used to sustain life or for 
economic exploitation”.[4] It is important to note that natural 
resources need not only be used for economic gain. They can 
also be used to sustain life, which is lucky for both the reader 
and the authors who breathe air without being forced to pay 
for it. 

4. Sustainable and Sustainability 

While the result of many environmental endeavours is an 
incremental improvement, sustainability is the ultimate goal – 
or at least it should be. Sadly sustainable and sustainability are 
perhaps the most often misused terms. Whether it is by 
government, industry or even academia, their use should 
never contradict the root meaning and spirit of the word 
sustainable.  

4.1. A Definition of Sustainable 

The Oxford English Dictionary defines sustainable as an 
adjective modifying a noun by indicating it is:  

 
capable of being maintained or continued at a certain rate 

or level. [4] 
 
The dictionary elaborates on this definition with respect to 

the economy and environment:  
 
Designating forms of human activity (especially of an 

economic nature) in which environmental degradation is 
minimized, especially by avoiding the long-term depletion of 
natural resources; of or relating to activity of this type. Also: 
designating a natural resource which is exploited in such a 
way as to avoid its long-term depletion. [4] 

 
The former conveys the most relevant meaning of the word 

sustainable. To be capable of being maintained, is or should 
be, the goal when designing human endeavours. That is, we 
need to be able to conduct the necessary activities for survival 
forever. This definition also makes reference to a rate at 
which something may be sustained, and this too is a 
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significant consideration in terms of many aspects of human 
activity like water consumption and organic waste production. 
Even the production of certain amounts of toxins may be 
processed by natural or technological means, and this could 
render the offending activity sustainable.  

However, the latter definition when concerning the 
economy seems to leave open the possibility of describing 
activities “in which environmental degradation is minimized” 
as sustainable. This may not be the intent, but this is 
unfortunately one of the most common misuses of the words 
“sustainable” and “sustainability”.  

An egregious and deplorable example is the phrase 
“sustainable mining”. The resources extracted from the 
ground whether they are precious metals, or fossil fuels will 
not and cannot replenish themselves through any means 
natural or otherwise. They are finite, and that which is finite 
may not be harvested into perpetuity. Mining them is not 
sustainable. The best that can be done is to keep the impacts 
of mining to their absolute minimum possible with the 
technology of the day, and to plan for a future when mining is 
no longer necessary. After all, it will eventually cease to be 
economical, or even possible.  

Good mining practices are not without merit. To describe 
the least destructive mining endeavours we propose the phrase 
“low impact mining”, with the hope of accurately describing 
the great efforts being made by many to reduce the 
environmental damage that would otherwise be inflicted. 

It should be evident that a human society needs an 
environment that provides the energy and material resources 
needed to survive and when possible thrive. Next an 
economic system serves society’s need to share these 
resources peacefully and preferably to maximize their utility. 
Any human activity to be sustained over time must not 
undermine these systems of subsistence. That is not to suggest 
that the economic system or even the society itself may not 
change. However, the environment may only change in so far 
as the laws of physics and nature allow.  

We are therefore left with a few concepts that are 
important to convey with the word “sustainable” in the 
context of environmental and economic discussion. 

 
1. To be sustainable an activity must be capable of 

being maintained over the long term. 
2. Since the economy and society cannot exist in the 

absence of the natural environment, it is paramount that 
sustainable activities preserve the environment first, but also 
the societies themselves and the economies that serve them. 

 
In the context of human activity we therefore propose that 

sustainable should mean to be 
 
capable of being maintained over the long term while 

preserving the environment, society and economy. 
 
There are many phrases that include the terms sustainable 

and sustainability. They should all incorporate this meaning. 

4.2. A Definition of Sustainable Development 

Sustainable development is primarily used in the context of 
economic development, perhaps because development is often 
used in that context. Again we refer to the Oxford English 
dictionary for the following definition. 

 
Economic development which can be sustained in the long 

term; economic development in which natural resources are 
used in ways compatible with long term maintenance of these 
resources, and with the conservation of the environment [4] 

 
This definition includes the temporal element of 

sustainability, and also considers the need to maintain the 
environment and in particular the resources it provides. But a 
much more commonly used definition for sustainable 
development within the circles of the environmental sciences 
is that written in the Brundtland report of 1987. 

 
Sustainable development is development that meets the 

needs of the present without compromising the ability of 
future generations to meeting their own needs.[5] 

The temporal requirement to sustain is satisfied here by 
pointing out why we might be motivated to achieve 
sustainable development. We may want our children, their 
children, and all those that come after them to live safe and 
healthy lives.  

Extending this concept of sustainable development for 
design and manufacturing engineers can be defined as “design 
and manufacture that minimizes environmental impacts and 
meets the needs of the present without compromising the 
ability of future generations to meet their own needs.” 

4.3. A Definition of Sustainable Materials Management 

During a workshop held by the Organisation for Economic 
Co-operation and Development (OECD), in Seoul, South 
Korea in November 2005, a working definition for 
Sustainable Materials Management (SMM) was decided. 

 
Sustainable materials management is “… an approach to 

promote sustainable materials use, integrating actions 
targeted at reducing negative environmental impacts and 
preserving natural capital throughout the life-cycle of 
materials, taking into account economic efficiency and social 
equity.”[6] 

 
It may be necessary to clarify the meaning of some of the 

terms used in this definition. The OECD themselves have 
deemed it necessary to explain that “materials” applies to all 
materials organic or inorganic extracted or derived from 
natural resources. “Life-cycle of materials” is intended to 
encompass all activities related to materials from extraction 
through to recovery or disposal. “Economic efficiency” is a 
measure of the net benefit to society as a whole, and “social 
equity” implies the equitable sharing of the costs and benefits 
of material use whether within a single jurisdiction or across 
jurisdictions as is so often the case because of our modern 
worldwide supply chains.[6] 
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SMM, as defined by the OECD, seems to accept that we 
are not yet ready to manage materials sustainably into the 
long term. The aim for now is to reduce impacts and preserve 
natural capital. Even if it may be difficult, or nearly 
impossible, to achieve a 100% recycling rate, should the 
definition of SMM be one that encourages us to strive for the 
lofty goal, or one that admits defeat.  

In the case of the OECD and of any group or society, it is 
up to the stakeholders to agree upon definitions. This is true 
here. However, academia and other groups might discuss the 
merit of employing the exact meaning of the word sustainable 
in this definition, because it is a more accurate use and 
because it may entice greater achievement in the realm of 
material management. 

5. Engineering Design 

One word that can be contentious is “design”, and when 
combined with “engineering” to give “engineering design”, it 
can be even more contentious. “Engineering” should be used 
with “design”, “engineering design”, otherwise it can get 
mixed up with completely different interpretations. 

Under the providence of “engineering design” most impact 
factors throughout the life-cycle of a product can be 
mitigated. So we will provide a definition here.  

The Oxford English Dictionary has the following 
definition for “design”.  

 
Design: (noun) a specification of an object, manifested by 

some agent, intended to accomplish goals, in a particular 
environment, using a set of primitive components, satisfying a 
set of requirements, subject to some constraints. [4] 

 
Dym and Little define “engineering design” as “the 

organized, thoughtful development and testing of 
characteristics of new objects that have a particular 
configuration or perform some desired function(s) that meets 
our aims without violating any specified limitations”.[7] 

The International Council of Societies of Industrial Design 
uses the following definition: “Design is a creative activity 
whose aim is to establish the multi-faceted qualities of 
objects, processes, services and their systems in whole life 
cycles. Therefore, design is the central factor of innovative 
humanisation of technologies and the crucial factor of cultural 
and economic exchange”.[8] 

Finally, in their paper on “A Proposal for a Formal 
Definition of the Design Concept” Ralph and Wand found 
that “no generally-accepted and precise definition of design as 
a concept is available”.[9] Although the researchers are from 
a school of business, and discuss design as applied to software 
development, and they probably have a different orientation to 
colleagues in an engineering faculty, it is useful to consider 
their definition, which they believe is applicable to all fields. 
Their definition includes seven elements: agent, object, 
environment, goals, primitives, requirements and constraints. 
Hence, design activity is a process, executed by an agent, for 
the purpose of generating a specification of an object based 
on:  

 

the environment in which the object will exist, the goals 
ascribed to the object, the desired structural and behavioral 
properties of the object (requirements), a given set of 
component types (primitives), and constraints that limit the 
acceptable solutions.[9] 

 
Whatever the definition used for design and subsequently 

“engineering design”, it is critical that we realize the 
environmental impact and resulting sustainability of the 
engineered/designed product, process, or system is dependent 
upon this initial process.  

6. Life Cycle Engineering 

Life Cycle Engineering (LCE) became popular within a 
decade of the introduction of a definition for Life Cycle 
Assessment. The CIRP yearly series of LCE conferences 
started in 1993 and by 1999 a debate had emerged as to what 
was LCE, and what should be accepted for publication as 
LCE. Hence the need and search for a definition. Although a 
life cycle engineering handbook had been published [10], a 
definition for LCE had not been given. In the year 2000 LCA 
and LCE practitioners, who had published in CIRP LCE 
proceedings, were polled for their opinions on definition for 
Life Cycle Engineering. The result of that consultation was:  

 
Life Cycle Engineering: engineering activities which 

include the application of technological and scientific 
principles to manufacturing products with the goal of 
protecting the environment, conserving resources, 
encouraging economic progress, keeping in mind social 
concerns, and the need for sustainability, while optimizing the 
product life cycle and minimizing pollution and waste. 

7. Life Cycle Assessment 

Life Cycle Assessment (LCA) is a primary example of 
where definitions are needed.  LCA is commonly used in 
environmental design, so it is the first to be introduced. 
Although the first LCA was performed in 1969 [11], a clear 
definition did not appear until 1993. It has been defined 
clearly by SETAC: 

 
Life cycle assessment is an objective process to evaluate 

the environmental burdens associated with a product, process 
or activity by identifying, and quantifying energy and material 
usage and environmental releases, to assess the impact of the 
energy and material uses and release on the environment, and 
to evaluate and implement opportunities to effect 
environmental improvements. The assessment includes the 
entire life cycle of the product, process or activity, 
encompassing extracting and processing raw materials; 
manufacturing, transportation and distribution; use/de-
use/maintenance; recycling; and final disposal. [12] 

 
 An offshoot of this is the need to define “due diligence”. It 

is arguably the most important aspect of LCA. Having its 
roots in both legal and financial circles, and is commonly used 
in conducting voluntary investigations. LCA is often done on 
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a voluntary basis and indicates a thorough and diligent search 
has been done concerning the matter at hand. 

The ISO2 14000 standard series concerns itself with LCA 
and “due diligence”, and provides a standard to which 
reference can be made. 

8. Conclusions 

Precise language enables common understanding. From 
this common understanding we can cooperate better because 
we can be assured that the goals we set together are 
universally understood. Words like sustainable and 
sustainability have been used to signify improved 
environmental performance – less destructive than the usual. 
They are sometimes used to describe the economic 
development of resources that are not renewable. Although 
every reduction in environmental impact and every 
incremental step to mitigate harm is welcome, they are not in 
of themselves sustainable, even if they are commendable. As 
we work together to develop, engineer, assess and design, 
careful attention paid to the definition of critical terminology 
will ensure better focus, cooperation and results. 
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