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an industrial enterprise. Particularly now, during the implementation of Industry 4.0, engineers
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These issues are also important as a result of the energy transition implemented in EU countries,
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development. The implementation of Smart City technologies also means that sustainability
issues must be taken into account in engineering city planning.

Originality/value: Detailed analysis of all subjects related to the role of engineers in the
sustainable development principles implementation.

Keywords: sustainable development, Industry 4.0, Smart City, engineer.

Category of the paper: literature review.

1. Introduction

Sustainability is now a very widely used concept in management and engineering. The term
sustainable development was introduced in 1987 in a report published by the Burtland
Commission. The title of the report was "Our Common Future", and in it the authors tried to
link issues of economic development with environmental stability. In the report they defined
Sustainable Development as development that meets the needs of the present without
compromising the ability of future generations to meet their own needs (United Nations, 1987).

This was the most quoted definition of the concept of sustainable development.
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Nowadays the concept of sustainability is very tightly connected to the new concept of
managing like: Industry 4.0 (Stawiarska et al., 2020; 2021; Grabowska et al., 2019; 2020; 2021;
Kwiotkowska et al., 2021; Drozd, and Wolniak, 2021) and Smart Cities (Wolniak, and Jonek-
Kowalska, 2021; 2022). Especially in the times of Industry 4.0 implementation engineers
should have an extensive knowledge to adjust the technology to new principles (Gajdzik,
and Wolniak, 2021; Wolniak et al., 2020).

Sometimes the concept of sustainability can be seen in a broader way. For example,
John Ehnfried believes that sustainable development is not really a vision of the future.
It is merely a modification of the current process of economic development. All modifications
have some potential to mitigate or slow down the unsustainable trajectory of the globe, but they
are all just quick fixes. He defines sustainability as the possibility that human and other life will
always thrive on Earth (Ehrenfeld, 2008).

The aim of the paper is to analyze the role of the engineer in the process of implementing

sustainable development principles in the industrial enterprise.

2. Sustainable development

The concept of sustainable development explores the relationship that exists between
economic development, environmental quality and social justice. Sustainable development has
three main dimensions: economic, environmental and social. These are often referred to as the
triple bottom line [Figure 1] and are used to measure the success of a particular development
programme or project. The triple bottom line concept was first used by John Elkington, founder
of the British consultancy SustainAbility (Elkington, 1994).

We have three approaches to sustainability, each based on an emphasis on one of these

dimensions. They are described in Table 1.

Table 1.
Main dimensions of sustainable development

Dimention Characteristic
Economic approach: | The central idea of sustainable development is that present decisions should not worsen
Income maximisation | the prospects of maintaining or improving our standard of living in the future.

while maintaining This means that our economic systems should be managed in such a way that we can
a constant or live in the future with the dividends of our resources.

increasing stock of Sustainable economic growth means that real GNP per capita increases over time, and
capital. this growth is not threatened by "feedbacks" from biophysical (pollution, resource

degradation) or social impacts.

Sustainable development means basing development and environmental policies on
a cost-benefit comparison and careful economic analysis that will enhance
environmental protection and lead to increasing and sustainable levels of well-being.
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Cont. table 1.

Ecological approach:
Maintaining the
resilience of
biological systems
and physical systems.

Sustainability is the maintenance of basic ecological processes and life support
systems, the conservation of genetic diversity and the sustainable use of species and
ecosystems.

The term 'sustainable development' suggests that the lessons from ecology can and
should be applied to economic processes. It encompasses ideas from the World
Conservation Strategy, providing an environmental rationale through which
development claims about improving the quality of (all) life can be challenged and
tested.

Socio-cultural
approach:
Maintaining the
stability of social and
cultural systems.

Sustainable economic development is directly related to raising the living standards of
the poor, which can be measured in terms of increased food, real income, education,
health care, water supply, sanitation, and only indirectly to economic growth as
a whole.

Source: own analysis on the basis: (Rogers et al., 2008).

Figure 1. Interrelation of the elements of the triple bottom line concept. Source: (Dalibozhko and

Krakovetskaya, 2018).

3. Implementation of sustainable development in business practice

In order to implement the objectives of sustainable development in business practice,

we must carefully implement this concept in the entire business, political and social

environment. An indispensable part of this process is the large role of civil society (Ggbczynska,

and Wolniak, 2018). Civil society is an association of citizens (beyond their families, friends

and business) who voluntarily commit to their interests, ideas and ideologies. From the
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perspective of sustainable development, we can distinguish the following main roles of civil

societies (Rogers, 2008):

they demand rights to life and health,

demand access to land, water and other services,

forming user groups for sustainable management of resources under common
ownership,

mobilising individual households and social groups to improve the environment,
sharing information and resources with other groups on common environmental and
political issues,

putting pressure on industry to clean up the environment and hold business accountable,
Increasing the power of groups,

putting pressure on governments to take seriously the rights and needs of marginalised

people.

When we think about sustainability, there is a spectrum of views on the concept (Figure 2).

At one end of the spectrum are those who suggest that we should protect nature at all costs,

change the way we live and seek to reduce economic growth as a means of reducing
consumption (Sutkowski, and Wolniak, 2016; 2018; Wolniak, and Sutkowski, 2015; Wolniak,
Skotnicka-Zasadzien, 2014 Wolniak, 2011; 2013). At the other end of the spectrum are those
who believe that necessity is the mother of invention and that technical solutions will be

invented that will eliminate the need for such drastic measures.

Sustainable development

Seek technical

solutions

Preserve at all
costs

Figure 2. The spectrum of approaches to sustainable development. Source: (Brandon and Lombardi,

2005).
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If humanity is to achieve the implementation of the concept of sustainable development,
we should adopt its patterns that reflect natural processes (Wolniak, 2014; 2015; 2016; 2017).

The role of engineers in sustainable development is very important and can be illustrated by the

close relationship between the human ecosystem, and the natural ecosystem. Engineers

contribute to the natural ecosystem in all its stages (Engineers, 2002):

By developing, processing and transporting natural resources in closed-loop systems,
we can reduce waste and increase resource efficiency.

Harvesting renewable resources such as water, fish and trees, within the limits allowed
by nature, will ensure a continuous supply of resources for people and natural
ecosystems. Minimising the use of non-renewable resources, such as oil and rare
minerals, and replacing them with environmentally friendly substitutes will also help
increase the supply of natural resources.

Processing natural resources efficiently and with little or no waste helps to conserve the
earth's limited natural resources. We can further conserve resources by designing
products and packaging for reuse and recycling, and by industrial processes and
equipment that have minimal negative environmental impact throughout their life cycle.
The transportation of goods is a major contributor to environmental pollution; to
minimise these impacts, we can efficiently transport resources and manufactured goods
to consumers by pipeline, river, rail, road, ship and aircraft, using technologies that have
minimal impact on surrounding land use and meet consumer needs with little waste.
The way we develop, process and transport resources can improve living standards in
many ways. These include providing clean water, energy, residential and commercial
buildings and streets and other forms of infrastructure, efficiently storing and
distributing food, and meeting acceptable health standards, including high quality waste
management and disposal.

To keep the natural and built environment clean and unpolluted, we can reduce the
amount of waste throughout the ecosystem cycle by continually recycling and
recovering the remaining by-products from resource development, industrial processing
and meeting consumer needs. A certain amount of waste in the system is inevitable,
but it should occur in forms that have minimal long-term environmental impact.
The impact of residual waste can be offset by continuing programmes to clean up and
reuse old landfill sites, and by other forms of environmental restoration.

The impact of energy source development on the atmosphere, land and water can be

reduced through more efficient use of energy and production from non-fossil sources.
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4. Sustainable engineering

The role of the engineer is very important in the supply chain in manufacturing and logistics
of consumer goods. They should focus on improving processes to be more environmentally
friendly. These processes should consider the following points at each stage of the production
process of any goods and services (Azapagic, and Perdan, 2005):

e reduction of material requirements (total mass consumed),

e reduction of energy intensity (energy consumed at each stage of production),

¢ reduction of toxic dispersion (release of toxic substances into all media),

e increasing material recycling (reuse of materials or energy),

e maximising sustainable use of renewable resources (avoiding the depletion of finite raw

materials),

e extending product life (optimising product life),

e increasing service intensity (creating added value while reducing environmental

impact).

By combining the concept of sustainability with engineering knowledge, we obtain the
so-called sustainable engineering concept (Wolniak, 2017; 2019; 2020, Wolniak, and
Sutkowski, 2015; Wolniak et al., 2019). Sustainable engineering can be defined as a concept
that considers the interactions in engineering activities of technical, ecological, social and
economic systems and avoids transferring problems from one area to another (Sustainable
engineering, 2015).

Twelve principles of sustainable engineering can be distinguished, which are described in

Table 2. These principles are used in the development stage of new products/processes.

Table 2.
Principles of sustainable engineering
Principle Approach Impartance
Try to ensure that inputs and Reduce risk Reduces/minimises risks by

outputs of materials/energy are not
hazardous
Waste minimisation

Reduce exposure reducing internal risks

A good design solution should use
by-products
Plan for recycling and reuse

Lower purchase and disposal costs

Design for easy separation and
cleaning

Easy separation/cleaning — easy
waste management

All components must be designed
for maximum weight, energy and
efficiency

Smaller is better Reducing
expenses

Lower expenditure

Avoid unnecessary weight/energy
consumption

Production must respond to
demand in real time

Minimising overproduction

Use entropy and complexity as
a guide to make end-of-cycle
decisions

Not all products should be
subjected to the same treatment at
the end of the cycle

Disposal solutions can no longer
be seen as universal

The product should not be
designed to last longer than
necessary

Designing unnecessary features is
wrong

Reducing accumulation of high-
tech waste
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Cont. table 2.

The product must not have
unnecessary capacity/capacity

Design for realistic applications
and conditions

Reduces/eliminates the use of
required components

Minimise the variety of materials

Minimise the use of different
materials, especially adhesives,
sealants, coatings

Simplify waste management

Product development is only part
of the life cycle

Consider the methods of
extraction of the required raw
materials and transport

Minimise the environmental
impact of the associated life cycle
stages

Evaluate products based on life
cycle analysis

Consider the methods of
extraction of the raw materials
needed and transport

Minimise the environmental
impact of the associated life cycle
stages

Prioritise the use of renewable and

Avoid the use of non-renewable

Minimise the overall impact of

readily available resources energy sources, except where the
use of renewable ones can be more

damaging

resource use

Source: (The 12 principles, 2016).

A very important part of achieving the relevance of sustainability concepts in the work of
engineers is adequate education. The practice of sustainable development requires a new
approach from engineers, which will focus on participation in open decision-making processes
(Abraham, 2006). The new role implies a different model of professional practice and requires
a different approach to teaching and learning (Azapagic, and Perdan, 2005; Wolniak,
and Habek, 2015; Wolniak, and Skotnicka, 2011; Wolniak, and Skotnicka-Zasadzien, 2008).
The US Centre for Sustainable Engineering Study has prepared a report on the role of
sustainable education in shaping. They believe that the long-term goal of 21st century
engineering education is to enable practicing engineers to integrate sustainability principles into
all stages of their practice, so that "sustainable engineering" eventually equates to "good
engineering" (Bryne et al., 2010).

In 2004, the U.S. National Academy of Engineering formulated its Vision of the Engineer
of 2020 (NAE, 2004). The report states that engineers should be conscious leaders of
sustainable development and notes that this process should begin in educational institutions and
be based on the basic tenets of the engineering profession and its activities (Wolniak,
and Skotnicka-Zasadzien, 2010; Wolniak, and Sutkowski, 2016). The report suggests that
engineering curricula should be reconsidered to prepare today's engineers for the careers of the
future, with due regard to the rapid pace of global change and its inherent lack of predictability
(Bryne et al., 2010).

In 2005. The Royal Academy of Engineers in London published twelve Guideline
Principles for Engineering for Sustainable Development. These principles were as follows
(RAE, 2005):

Go beyond your own locality and immediate future.
Innovate and be creative

Seek a sustainable solution.

Strive to involve all stakeholders.

Make sure you know the needs and wishes.

AN o

Plan and manage effectively.
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7.
8.
9.

Give sustainability a chance to address any concerns.
If polluters have to pollute, they have to pay.
Take a holistic approach, from cradle to grave.

10. Do things right, having decided what is right to do.

11. Beware of cost-cutting that masquerades as value engineering.

12. Practice what you preach.

The following year, the Canadian Council of Professional Engineers published the National

Guidelines on Environment and Sustainability. This document outlined nine points to which

professional engineers should adhere. It states that an engineer (CCPE, 2006):

1.

should develop and maintain an appropriate level of understanding, awareness and
monitoring system of environmental and sustainability issues related to the field in
which he/she specializes;

he/she should draw on the relevant expertise of specialists in areas where the
professional engineer's knowledge alone is not sufficient to address environmental and
sustainability issues;

should use professional and responsible judgement in his/her considerations of the
environment and sustainable development;

should ensure that environmental planning and management is integrated with all their
activities that may have any adverse effects;

should include environmental costs as one of the primary factors used to assess the
economic feasibility of projects for which they are responsible;

should recognise the value of environmental performance and sustainability, consider
a full life cycle assessment to determine the benefits and costs of additional
environmental management, and seek to implement effective, sustainable solutions;
should engage and solicit stakeholder input in an open manner and seek to respond to
environmental issues in a timely manner;

should comply with legal requirements and strive to exceed or improve them by
applying the best available, cost-effective technologies and procedures. Should disclose
to appropriate authorities information necessary to protect public safety;

should actively work with others to improve understanding of the environment and

sustainable practices;

In 2009, the Engineering Council in the UK set out six sustainability guidelines for the

engineering profession. These points can be used by professional engineering bodies to develop
guidance for their members. These included (ECUK, 2009):

l.

AN

contributing to a sustainable society, now and in the future;

using professional and responsible judgement and taking a leadership role;
doing more than simply complying with regulations and codes;

using resources efficiently and effectively;

seeking multiple perspectives to address sustainability issues;

managing risks to minimise negative impacts on people and the environment.
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When we want to design a good programme on sustainability to teach engineers this

concept, we should consider the following questions (Coral, 2009):

1.

what competencies related to sustainability should an engineer acquire at university and
how should they be defined?

how are these competences currently taught?

what are the advantages and disadvantages of different pedagogical strategies in
teaching sustainability?

how can the teaching of sustainability be measured?

what do students learn in the different sustainability courses?

which pedagogical strategies are more effective in acquiring sustainability
competencies?

What type of curriculum structure is most beneficial for enabling the necessary
pedagogical strategies?

what recommendations can be made to university/school/department management and

teachers to improve engineering education in sustainability in a systemic way?

On the basis of the answers to these questions, it is necessary to prepare courses in

engineering studies that give engineers adequate knowledge and competences in the field of

sustainable development (Azireiro, and Davim, 2020). J. Coral has made a detailed analysis of

which engineering competences are closely related to sustainable development.
He distinguishes four of them (Coral, 2009):

critical thinking,
systems thinking,
inter-trans-disciplinarity,

values and ethics.

Table 3.
Implikacje nowych koncepcji zarzqdzania przemystowego dla inZynierow
Conception Characteristic
Industry 4.0 We are now at the beginning of the fourth industrial revolution, where data and the

interconnectedness of machines and the Internet of Things are driving new productivity
and innovation. Engineering continues to be at the heart of this latest revolution.
Engineers play an important role in these innovations, developing new ideas and
scientific breakthroughs into new inventions and products that can help many countries
accelerate their economic development.

Green infrastructure | With increasing urbanisation and urban growth, engineers are expected to develop new

and smart cities innovations in green infrastructure for smart cities and the development of low CO2
with increasing energy sources. Engineers play an important role in addressing climate change and
urbanisation implementing sustainable solutions for the use of depleting resources, especially water.
Demand for There is a growing demand for engineers and engineering services in Asia, Africa and
engineering in Asia, | Latin America as the world's fastest growing economies urbanise and develop their
Africa and Latin infrastructure.

America

Source: own analysis on the basis (WFEO, 2008).

These competences are best suited to sustainability education and should be taught at every

level of engineering education.
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A very interesting concept for linking sustainability with engineering activities has been
prepared by the World Federation of Engineering Organizations. In 2018, it prepared a Plan for
achieving the UN Sustainable Development Goals through engineering by 2030. This plan
considers the combination of engineering knowledge with new industrial management concepts
such as Industry 4.0, Smart Cities, etc. The main implications of these concepts for engineers
are described in Table 3.

5. Conclusion

The analyses presented in the publication have drawn attention to the issue of the engineer's
role in the implementation of the principles of sustainable development by an industrial
enterprise. Particularly now, during the implementation of Industry 4.0, engineers should pay
attention to the implementation of sustainable development principles in industry. These issues
are also important as a result of the energy transition implemented in EU countries, which
requires organizations to reduce their energy intensity, thus promoting sustainable
development. The implementation of Smart City technologies also means that sustainability

issues must be taken into account in engineering city planning.
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