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ABSTRACT 

Sustainability is a critically important goal for human activity and development. 

Sustainability in the area of engineering is of great importance to any plans for 

overall sustainability given 1) the pervasiveness of engineering activities in 

societies, 2) their importance in economic development and living standards, and 

3) the significant impacts that engineering processes and systems have had, and 

continue to have, on the environment. Many factors that need to be considered 

and appropriately addressed in moving towards engineering sustainability are 

examined in this article. These include appropriate selection of resources bearing 

in mind sustainability criteria, the use of sustainable engineering processes, 

enhancement of the efficiency of engineering processes and resource use, and a 

holistic adoption of environmental stewardship in engineering activities. In 

addition, other key sustainability measures are addressed, such as economics, 

equity, land use, lifestyle, sociopolitical factors and population. Conclusions are 

provided related both to pathways for engineering sustainability and to the 

broader ultimate objective of sustainability.  
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Resources; Environmental Impact; Efficiency; Processes; Economics. 
 

INTRODUCTION  

Engineering is the application of scientific and mathematical principles for practical purposes such 

as the design, manufacture, and operation of products and processes, while accounting for 

constraints invoked by economics, the environment and other sociological factors. Many technical 

advances are brought about through engineering. Engineering activities are significant contributors 

to economic development, standards of living and well-being of a society, which impacts its 

cultural development and environment. Engineering is continually evolving as a profession (NAE, 

2004, and Conlon, 2008), and engineering education is correspondingly continually changing 

(Rosen, 2007).  Sustainability means living well within the limits of a finite planet. These limits 

become more apparent as the growth in population and consumption increases the pressure on the 

environment, climate and resources. More than ever, engineers need to find holistic and effective 

solutions to currently unsustainable practices of production and consumption. This will protect our 

vital life-support systems and meet the social and economic needs of a growing human population 

at the same time. Sustainable development is increasingly becoming a goal to which numerous 

countries throughout the world aspire. Overall sustainability has been defined in many ways, and is 

often considered to have three distinct components: environmental sustainability, economic 

sustainability and social sustainability. These three factors when considered separately usually pull 

society in different directions (e.g., economic sustainability may be achieved at the expense of 

environmental and social sustainability). Overall sustainable development in general requires the 

simultaneous achievement of environmental, economic and social sustainability. Achieving this 

balance is indeed a challenging task. Although engineering is not directly one of the three 

components of sustainability cited above, it is indirectly linked to each. That is, engineering uses 

resources to drive much if not most of the world’s economic activity, in virtually all economic 

sectors, e.g., industry, transportation, residential, commercial, etc. 
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 Also, resources used in engineering, whether fuels, minerals, or water, are obtained from the 

environment, and wastes from engineering processes (production, transport, storage, utilization) are 

typically released to the environment. Finally, the services provided by engineering allow for good 

living standards, and often support social stability as well as cultural and social development. Given 

the intimate ties between engineering and the key components of sustainable development, it is 

evident that the attainment of sustainability in engineering is a critical aspect of achieving 

sustainable development, in individual countries and globally. In fact, Rosen (2008) writes on 

sustainability, “no subject is more important to the engineering profession or the wider world that 

we live in.” 

This paper tries to identify and examine the key factors that need to be addressed to achieve 

engineering sustainability, as a way of outlining an engineering approach to sustainability that 

permits us to engineer sustainability into many facets of society.   

Sustainability and Sustainable Development  

To appreciate the concepts underpinning engineering sustainability, it is informative to consider the 

concept and definitions of sustainability and sustainable development. Sustainable development 

was defined by the 1987 Brundtland Report of the World Commission on Environment and 

Developments as “development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs.” This definition implies that actions of 

present societies should not threaten cultures or living standards for societies. 

Sustainable development is fundamentally about the future; in the sense of exploring what a 

sustainable future might look like, and in the sense of understanding how present actions, be it 

decision making, product development or urban planning, relate to that future. However, the future, 

according TO a Western secular thought tradition is not something that exists but something that 

becomes. This means that the future exists only as a product of our personal and social imagination, 

and thus that it is outside the scope of objective observation (Karlsen et al., 2010). Agreeing that 

the future does not exist in any predetermined sense is a prerequisite to seeing it as possible to 

influence, i.e. we are not governed by fate, but it also means that there always will be largeror 

smaller elements of surprise. We can anticipate and influence the future but we cannot predict or 

control it (Haberl, 2006). The future oriented character of sustainable development thus implies a 

need to manage uncertainty, in both the shorter and longer term, and also to deal with conflicts that 

arise between these two-time perspectives (Rosen, Dincer & Kanoglu, 2008). 

Sustainable development is also characterized by complexity and ambiguity. Ever since the 

Brundtland report (WCED, 1987) was published, sustainable development has been seen as 

achievable only through a successful integration of subsystems of different types of levels 

(Sverdrup & Svensson, 2004; Weaver & Rotmans, 2006; Rosen, 2009). Added to both complexity 

and uncertainty is the fact that these systems and their interrelations are not static but dynamic 

(Svenfelt, 2010).  

Together this renders traditional engineering education problematic as it often builds on prediction-

based approaches to solve well-delimited and well-defined problems (Fenner et al., 2005). In order 

to be able to understand critically, reflect upon and put sustainable development into practice, 

engineering students need to learn how to identify and manage uncertainty, the tension between 

sort and long-term perspectives, complexity, and the inherently normative character of 

sustainability. Moreover, in order to tackle complexity, inter-disciplinary and integrative skills are 

needed. 

Engineering and Sustainable Development  

Sustainability is a characteristic of a process that can be maintained at a certain level indefinitely. 

From an environmental stance, the term refers to potential longevity of vital human ecological 

support systems, such as planet’s climate system, system of agriculture, industry, forestry and 

fisheries, and human communities in general, and the various systems on which they depend. 

Sustainability is an approach to decision making that considers the interconnections and impacts of 

economic, social and environmental factors on todays’ and future generations' quality of life. 
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 It is a dynamic and evolving notion, and as a process, it strives to be participatory, transparent, 

equitable, informed and accountable.  

Sustainable development is the process of moving human activities to a pattern that can be 

sustained in perpetuity. It is an approach to environmental and development issues that seek to 

reconcile human needs with the capacity of the planet to cope with the consequences of human 

activities. Sustainable development consists of the three broad themes of social environmental and 

economic accountability which is regarded as the Triple Bottom Line concept (Elkington, 1994). 

Sustainable Community can be defined as a community that maintains, enhances, or improves its 

environmental, social, cultural, and economic resources in such a way that support current and 

future community members in pursuing healthy, productive and happy lives.  

Professional engineers have an important and significant role to meet sustainability. They work to 

enhance the welfare, health and safety of the community, with the minimal use of natural resources 

and paying attention with regard to the environment and the sustainability of resources. Their work 

is influenced by the opportunities and challenges that bring sustainability. Engineers are the 

providers of options and solutions to maximize social values and minimize environmental impact. 

There are some pressing challenges due to the adverse effects of environmental pollution, depletion 

of resources, rapid population growth and damage to ecosystems. Therefore, a purely 

environmental approach is insufficient, and increasingly engineers are required to take a wider 

perspective including goals such as poverty alleviate, social justice and local and global 

connections.  

Globalization brings important opportunities for engineers to promote change through sharing 

experience and good practice. The leadership and influencing role of engineers in achieving 

sustainability should not be underestimated. Increasingly this will be as part of multidisciplinary 

teams that include non-engineers work that crosses national boundaries. The main goal of 

sustainable development is to enable all people throughout the world to satisfy their basic needs 

and enjoy and improved better quality of life without compromising the quality of life for future 

generation. Sustainable development stands on the concepts, needs and limitations imposed by the 

state of technology and the present and future demands. The following principles have been agreed 

to achieve sustainable development:  

 living within environmental goals 

 ensuring a strong, healthy and just society  

 promoting good governance 

 achieving a sustainable economy 

 using sound science responsibly  

Key Requirements for Engineering Sustainability  

There are several distinct components of the manner in which engineering can be practiced 

sustainably in society, each of which is a requirement for engineering sustainability:  

1. Sustainable resources  

2. Sustainable processes  

3. Increased efficiency  

4. Reduced environmental impact  

5. Fulfillment of other aspects of sustainability  

Requirement 1: Sustainable Resources  

Most engineering activities utilize resources that are derived from nature. Such resources include 

water (fresh and salinated), materials (virgin and recycled) and energy. The degree to which 

resources are sustainable depends on many factors, including their scarcity and importance to 

ecosystems. Scarcity is a particularly important sustainability factor for endangered species where 

they constitute resources. Some ecosystems are significantly dependent on components that may 

otherwise be viewed as resources (e.g., rainforests). 

Sometimes engineering resources are suitable, in that they can be replenished at a rate equal to or 

greater than the usage rate. 
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Wood and biomass resources when used in a controlled manner provide examples. More often, the 

resources used in engineering activities are available in finite quantities and not sustainable in the 

longer term (e.g. metal ores, fossil fuels). Sometimes resources available in infinite quantities can 

be viewed for practical purposes as suitable, depending on the reserves available and the rate of 

use. For instance, some researchers suggest that a resource can be treated as sustainable when the 

ration of these quantities exceed some value, e.g., 50 or 100 years (Graedel and Allenby, 2010).  

Wastes that would otherwise be discarded are also sometimes used as input resources to 

engineering processes, usually reducing or eliminating the need for new resources from nature. 

Wastes can be used directly in some activities or converted to more useful forms. For example, 

material wastes can be recovered and recycled or reused, while waste energy can be utilized to 

provide heating directly or indirectly through incineration.  

The most common non-renewable energy sources are fossil fuels, which are the basis for most 

industrialized countries. Other non-renewable energy resources include alternative hydrocarbons, 

uranium and fusion material (e.g., deuterium). Renewable energy includes solar radiation and 

energy forms that result from that radiation (e.g., falling and running water, and biomass such as 

wood, plants and other forms of organic matter), as well as energy from such other natural forces as 

gravitation and the rotation of the earth. Solar energy, which is received on the earth at a rate of 

1.75 x 1017 W, or about 20,000 times the present global energy-use rate, can be converted to 

electricity in photovoltaic devices or collected as heat. Although diverse, non-fossil fuel energy 

resources generally are associated with little green house gas emissions and thus often facilitate 

sustainable energy solutions.  

Requirement 2: Sustainable Processes 

Resources are used in engineering processes and operations to yeld products and/or services. An 

important requirement of sustainable engineering is the use of sustainable processes. This implies 

that the engineering processes utilized must exhibit sustainable characteristics in terms of the 

operations and steps they involve, and the energy and materials they utilize. For instance, processes 

that are sustainable typically utilize widely available materials, while avoiding toxic or hazardous 

materials as much as feasible, and technologies that are available where needed and operationable 

in the settings in which they will be placed. The waste outputs of processes must also not hinder 

sustainability for a process to be deemed sustainable. Sustainable processes also incorporate 

sustainable transportation, distribution and storage systems, where these are necessary.  

Sustainable approaches to manufacturing and design are also required (Rosen& Kishawy, 2012), as 

are advanced monitoring and control of processes to help them become and remain sustainable. As 

many engineering processes are energy intensive, the concept of sustainable processes suggests that 

the energy carriers utilized should be sustainable. Energy carriers include secondary chemical fuels, 

ranging from such conventional ones as petroleum products (e.g. gasoline, diesel fuel, naphtha), 

coal products (e.g. coke) and synthetic gaseous fuels (e.g., outputs of coal gasification), to non-

conventional chemical fuels like hydrogen, methanol and ammonia. Many energy carriers do not 

exist naturally, including such energy forms as work, electricity and non-ambient thermal energy.  

Requirement 3: Increased Efficiency 

High efficiency allows the greatest benefits, in terms of products or services, to be attained from 

resources, and thus aid efforts to achieve engineering sustainability. Efficiency improvements 

efforts, taken broadly, include direct measures to increase the efficiency of processes, devices and 

systems as well as 

 resource conservation  

 improved resource management  

 resource demand management  

 resource substitution 

 better matching of energy carriers and energy demands  

 more efficient utilization of resources in terms of both quantity and quality 
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These concepts are often best considered via the use of advanced methods and tools. For example, 

energy analysis often reveals insights that help improve the efficiency of processes.  

Also, for energy processes and systems, energy storage is often a key element of improving the 

sustainability of energy systems (Rosen, 2012).  

Requirement 4: Reduced Environmental Impact 

Numerous environmental impacts associated with engineering processes are of concern and must 

be addressed in efforts to attain engineering sustainability. These include impacts to the 

atmosphere, the lithosphere and the hydrosphere, and can be exhibited in many forms (e.g. damage 

to the ecosystems, health, aesthetics). Some important environmental impacts associated with 

engineering processes of concern regarding engineering sustainability include:  

 global climate change (mainly due to greenhouse gas emissions which cause global warming) 

 ozone depletion due to destruction of the atmospheric ozone layer and subsequent increases in 

ultraviolet reaching the earth’s surface 

 acidification and its impact on soil and water (due to acidic emission) 

 abiotic resource depletion potential (due to extraction of non-renewable raw materials) 

 ecotoxicity (due to exposure to toxic substances that lead to health problems) 

 radiological impacts (such as radiogenic cancer mortality or morbidity due to internal or 

external radiation exposure) 

To be comprehensive and meaningful, the consideration of the environmental impact of an 

engineering activity must consider the entire life cycle of the activity, from acquisition of the 

resources, to their utilization and ultimate disposal. 

Global climate change is viewed by many as the most significant environmental impact facing 

civilization and humanity. Global warming is associated with an anthropogenic disruption of the 

earth-sun-space energy balance, which normally has most of the energy entering the earth’s 

atmosphere (short-wave solar radiation) eventually exiting back to space as long-wave thermal 

radiation. Atmospheric “greenhouse gases” generally absorb radiation in the 8 to 20 micrometer 

region, and disrupt the earth-sun-space energy balance by reducing the energy output from the earth 

and its atmosphere while the energy input remains constant, leading to an increase in the average 

temperature of the earth. Eventually, if concentrations of greenhouse gases in the atmosphere 

stabilize at new levels, the energy balance is re-established but at some higher average planetary 

temperature. Non-fossil fuel energy options are needed to help humanity combat climate change, in 

that they avoid or greatly reduce emissions of greenhouse gases, particularly carbon dioxide, an 

inherent product of hydrocarbon combustion. This important attribute often allows non-fossil fuel 

energy sources to provide a foundation for the supply of sustainable energy services, which are one 

requisite for energy sustainability and sustainable development (Rosen, 2012).  

Requirement 5: Fulfillment of Other Aspects of Sustainability  

Many other sustainability factors relate to engineering processes, and consequently need to be 

considered in the quest for engineering sustainability. These factors are sometimes related and often 

overlap. Some of these, according to ASHRAE (2007), are as follows: 

 Economic affordability to be sustainable: engineering services that are required to provide basic 

needs must be economically affordable by all societies and people. It is noted that this 

requirement can be met in some ways today. For instance, some efficiency improvement and 

environmental mitigation measures can be implemented in ways that save money over time, or 

are revenue neutral.  

 Equity: all societies need to be able to access engineering services, regardless of geographic 

location, to achieve engineering sustainability. In addition, equity among developed and 

developing countries must be achieved in terms of engineering services. Also, true engineering 

sustainability requires that future generations be able to access resources. Equity is somewhat 

time dependent, and this author expects that short-term differences will diminish in time and 

engineering opportunities in all countries will converge in the longer term. 
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Meeting increasing resource demands: the increasing use of material and energy resources, 

especially in developing countries as they become more industrialized and as their living standards 

rise, must be able to be met. This will be a particularly challenging task as populations rise.  
 

 Safety: engineering must be safe in terms of injury, and cause as few negative health effects as 

reasonably possible in the short and long terms to be sustainable.  

 Community involvement and social acceptability: people and communities must be involved in 

major engineering-related decisions if engineering sustainability is to be attained, as the support 

of these groups is critical to success of any initiatives, and such support almost always requires 

consultation and involvement in decision making.  

 Meeting human needs: the human dimensions of the new technologies must be addressed to 

achieve engineering sustainability. Addressing only engineering facets is often not adequate. 

 Appropriate land use: the use of land for engineering-related activities needs to be balanced 

with other needs, such as agriculture and recreation. This is a particularly significant challenge 

with technologies like biomass energy, which often involves the growth of energy plants on 

land that could be used for other purposes like food production.  

 Aesthetics: ensuring engineering products are aesthetically appealing is an important aspect of 

engineering sustainability initiatives to succeed. This includes cleanliness of the environment, 

which is an important aesthetic aspect of sustainability in that it affects the well-being of 

people.  

 Lifestyles: modifying lifestyles and tempering desires that are engineering-driven can help in 

the quest for engineering sustainability. Given that aspirations of people tend to increase 

continually, this aspect of engineering sustainability is often very challenging. Transforming 

behavioural and decision-making patterns requires recognition that current development paths 

are not sustainable. History suggests that such recognition occurs only when short-term 

consequences are obvious. For instance, to successfully mobilize the resources needed to reduce 

the risks associated with energy use, the public must perceive the potential long-term 

consequences associated with present behavior patterns. Translating future threats associated 

with engineering into immediate priorities is and will likely remain one of the most difficult 

challenges facing policy makers. 

 Population: increasing global population places stresses on the environment and the carrying 

capacity of the planet. Sustainable engineering needs to account for population growth or 

address it in other ways.  

Most of these factors are considered indirectly in the previous four requirements, and in fact in 

some, but certainly not all, cases are addressed in whole or in part if the other requirements are 

addressed with a sustainability focus. For instance, the utilization of sustainable resources must 

take into account such factors as economics, global stability and equity (geographic and 

intergenerational) if a sustainability focus is implemented. Nonetheless, the non-technical issues 

presented here must be addressed, and integrated into engineering activity, if engineering 

sustainability is to be achieved.  

 

CONCLUSIONS  

It is demonstrated that several key factors need to be considered and appropriately addressed to 

achieve engineering sustainability, which itself is a crucial component of overall sustainability for 

human activity and development. The key factors include appropriate selection of resources 

accounting for sustainability criteria, the use of sustainable processes, enhancement of the 

efficiency of resource utilization and engineering processes, environmental stewardship in 

engineering activities so as to mitigate environmental impacts, and fulfillment of other aspects of 

sustainability, such as economics and equity. The author believes that options and pathways for 

engineering sustainability can be achieved by considering these key factors. Furthermore, through 

engineering sustainability, the author feels that a shift towards overall sustainability can be given 

great impetus, given the pervasiveness of engineering activities in all societies and their impacts on  
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the environment, as well as the importance of engineering in economic development and living 

standards.  
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