
151

© 1999 UICEEGlobal J. of Engng. Educ., Vol. 3, No.2
Printed in Australia

ISO 14000 Environmental Management Systems for
Engineering Students*

Alexander A. Minayev
Vadim V. Prisedsky
Gennady S. Klyagin

Vyacheslav I. Ignatov
Institute for International Co-operation, Donetsk State Technical University, 58 Artema,

Donetsk 34000, Ukraine
Terry J. Oliver

Department of Mechanical and Manufacturing Engineering, University of Portsmouth,
Anglesea Road, Portsmouth PO1 3DJ, United Kingdom

Environmental sciences and technologies, together with principles and strategy of environmental
management and sustainable development, constitute a vital aspect of engineering education nowa-
days. This paper describes why and how new courses in environmental management systems
(EMS), based on the International Standardisation Organisation (ISO)14000 series of standards,
were designed and implemented at Donetsk State Technical University (DonSTU). The benefits of
the ISO approach to environmental management are discussed. In designing the EMS courses, the
faculty in DonSTU were, to their benefit, able to use links with the international community of
engineering educators. The paper presents the ideology, objectives and curriculum of the ISO 14000
EMS course introduced at DonSTU in the 1997/98 academic year. The arrangement of seminars
and case studies, as well as the content of the developed study pack, are also outlined.

INTRODUCTION

The environmental challenges we face today tend to
be more global in scope than in the past. It is becom-
ing increasingly clear that what we do in the backyard
of one country affects people and ecosystems through-
out the world.

The Ukraine, as other countries of the former So-
viet Union that are undergoing economic transition, has
inherited a badly damaged environment, energy and
material intensive economic production, and obsolete
and polluting technologies. Economic transition aims to
improve economic performance on a sustainable basis,
and requires significant improvement in environmental
planning and management, and the integration of envi-
ronmental policy with other policies dealing with eco-
nomic development, market reform, privatisation, legal
reform, and total democratisation of society.

What engineering educators can and should do un-
der these circumstances is to put into the heads of their
students, those who will perform engineering tasks in
the near future, the ideology, principles, the way of think-
ing of environmentally friendly engineering. The fac-
ulty at Donetsk State Technical University (DonSTU)
has, for a long time, considered a good understanding
of global and specific environmental issues, together
with the principles and strategy of sustainable develop-
ment, to be an important aspect of engineering educa-
tion [1]. As well as environmental sciences [2][3] and
engineering [4], environmental law and regulations, much
attention has been paid to training engineering students
in environmental management. The first special courses
in environmental management were introduced at
Donetsk Technical University for students of metal-
lurgy in 1991. Now they are also provided to students
of other specialities.

Recently, before the start of the 1997/98 academic
year, these courses were restructured on the basis of
the International Standardisation Organisation (ISO)
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14000 series of standards on environmental manage-
ment systems (EMS). At that time the Ukraine was
only officially intending to adopt ISO 14000 standards.

HOW THE IDEOLOGY OF EMS COURSES
WAS DEVELOPED

The realisation of the necessity for the introduction of a
new course in environmental management systems did
not arise abruptly among DonSTU faculty. A major
stimuli was provided by international academic links
established by DonSTU after the Ukraine gained its
independence.

In February 1995, six academics from DonSTU
visited the University of Portsmouth in the United
Kingdom and took part in a two-week seminar on
environmental engineering. Much of the discussion
during the seminar concerned the environmental man-
agement system and British experience in the field, in
particular, British standard BS7750.

At the time of DonSTU�s 75th anniversary, an in-
ternational seminar on engineering education was ar-
ranged under the auspices of the UNESCO Interna-
tional Centre for Engineering Education (UICEE), be-
tween 31 May and 3 June 1996. The seminar included
discussion of issues of environmental protection and
environmental engineering and collected a wide audi-
ence of Donetsk academics. The keynote lectures were
given by speakers from Australia, the United Kingdom,
the United States, Slovakia and Germany.

In May 1997, Prof. Jean-Marie Gogue, President of
Management Strategic, Paris, France, organised a two-
week seminar at DonSTU on quality management sys-
tems. The idea of a total quality management system, a
combined system of quality and environmental man-
agement, attracted much attention at that seminar.

By the end of the 1996/97 academic year there had
already been many discussions among the faculty in
Donetsk about possible approaches to, and principles
of, teaching EMS to engineering students. It was rec-
ognised that the ISO principles of environmental man-
agement were attractive as a basis of contemporary
environmental strategy for an enterprise, an industry,
and a country. Those discussions were summarised in
June 1997 at a three-day train-the-trainer workshop,
ISO 14000 Environmental Management Systems.

The workshop was organised by the Donetsk Of-
fice of Environmental Protection and Technology
(EPT) in the frame of the bilateral Ukrainian-Ameri-
can Programme to Promote Sustainable Develop-
ment in the Ukraine, sponsored by the US Agency
for International Development. The lectures, seminars
and case studies at the workshop were provided by
trainers from DonSTU and prepared previously at the

Donetsk EPT office, which is under the directorship
of Dr N.P. Cheremisinoff. One of the present authors
(Vadim V. Prisedsky) headed the team of Ukrainian
trainers. The primary aim was to provide a working
knowledge of the ISO 14000 EMS standards and their
design elements and implementation steps to repre-
sentatives of Ukrainian industry.

A large group of leading academics from DonSTU
were invited and took an active part in the workshop.
Their main concern was with the adoption of general
principles and of the structure and content of training
in environmental management systems at higher
school. They decided to take the course that had been
designed for the workshop as a basis for the univer-
sity course in EMS.

BENEFITS OF THE ISO APPROACH TO
ENVIRONMENTAL MANAGEMENT

ISO 14000 standards on environmental management
systems provide an example of applying entirely new
principles to standardisation. They differ widely from
rigid regulations on which many standardisation sys-
tems were previously based. The total success of the
ISO approach to standardisation has already been dem-
onstrated worldwide with the ISO 9000 quality man-
agement system.

The ISO 14000 standards on environmental man-
agement are attractive for the following features:

· A voluntary approach oriented to developing posi-
tive long-term tendencies, rather than applying stiff
penalties for failing to comply with many itemised
requirements.

· A continual step-by-step improvement in the envi-
ronmental performance of enterprises and industries.

· A complete integration of the principle of sustain-
able development into ISO ideology, which is of
vital importance for the Ukraine and other new in-
dependent states of the former Soviet Union under-
going a massive, but wavering economic transition.

· An easy and natural integration with ISO 9000
standards on quality management systems
(QMS); and the possibility of developing total quality
management systems (TQMS) combining quality
and environmental management.

All these make ISO principles of environmental
standardisation equally advantageous both to leading
industrial powers and countries facing serious prob-
lems in their economic development.

THE COURSE OBJECTIVES

For the first time in the Ukraine, new courses on ISO
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14000 EMS started at DonSTU in the 1997/98 aca-
demic year. Courses in EMS and ISO 14000 stand-
ards were also introduced for postgraduate students
as a form of continuing engineering education.

The primary objective of the courses is to enhance
a positive attitude about environmental protection and
management, which corresponds to the strategic aim
of continual environmental education at DonSTU.

The second objective is to provide the necessary
working knowledge of the ISO 14000 environmental
management system, its design elements and implemen-
tation steps. Much of this training involves orientation
and a working familiarity with ISO EMS guidelines as
they are presented in the ISO 14001 standard [5].

The third objective is to provide knowledge about
EMS auditing and ISO 14000 certification (including
combined ISO 9000 and ISO 14000 - total environ-
mental quality management certification) and their role
in business practice and economic development of the
country as a whole.

The fourth objective is to develop in students the
personal, professional and organisational skills neces-
sary to implement the EMS systems within enterprises.

CURRICULUM

The course in EMS comprises lecture sessions, semi-
nars and case studies. The programme includes:

· An introduction into the history of management sys-
tems, environmental management, standardisation
and the International Standardisation Organisation.

· ISO 14000 guidelines and general principles; scope
and structure of ISO 14000 series of standards;
ISO 14001 standard as a specification document;

· Environmental Policy: how to formulate and pub-
lish it.

· Environmental Action Plan: how to develop it.

· ISO 14000 procedures and communication system:
how to design an EMS data system.

· EMS auditing.

· ISO 14000 and total environmental quality man-
agement (combined ISO 9000 and ISO 14000)
certification.

· The role of ISO certification in business practice
and economic development of an enterprise and
industry.

The course begins with an introduction to the his-
tory of standardisation, management systems and en-
vironmental management, which includes a short his-
tory of management, elements of the system approach,
and the history of the International Standardisation Or-

ganisation since its creation following the Second World
War. Attention is given to the change in the ISO ideol-
ogy of standardisation in the 1970-80s when ISO 9000
Quality Management Systems were developed.

The key ideas of management systems are ex-
plained using the historic Deming model:

PLAN - DO - CHECK - IMPROVE

The difference in interpretation and implementation
under the command economy and in a democracy is
discussed as a characteristic distinction between the
two systems.

The basic notions of EMS are introduced, incorpo-
rating the notion of the environment as:

surroundings in which an organisation op-
erates, including air, water, land, natural re-
sources, flora, fauna [5],

as well as other notions, such as environmental aspects
and impacts, environmental policy and management pro-
grammes, environmental monitoring and measurements,
environmental performance and environmental audit.

The attention of students is drawn to the general
ideology of ISO 14000 EMS as a voluntary system of
continual improvement of environmental performance
integrated into the strategy of sustainable development.
The benefits of such ideology for large and small coun-
tries, strong and developing economies are reviewed.

The aims of an environmental management sys-
tem are classified as:

· Identification and control of environmental aspects,
impacts and risks.

· Establishing and achieving an environmental policy,
objectives and targets, including compliance with
legislation.

· Identifying environmental opportunities.

· Monitoring and continual improvement of environ-
mental performance.

The introduction of EMS will affect practically all
functions of an enterprise, from research and devel-
opment, manufacturing, finance, planning and devel-
opment, marketing, through to management and dis-
tribution (retail and wholesale).

Environmental policy is defined in the next section
of the course as:

a public statement by the organisation of its
intentions and principles in relation to its
overall environmental performance [5].

A statement by the organisation of its environmental
policy provides a framework for action, helps to set
its environmental objectives and targets, serves as a
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foundation of the EMS, gives an overall sense of di-
rection, and serves as a baseline for comparing strat-
egies, plans and actions. It is usually a long-term docu-
ment that provides the setting for environmental ob-
jectives and targets, and states commitment to envi-
ronmental protection. Students are trained to use all
necessary inputs to formulate policy statements: gen-
eral values of the organisation; strategic business plans;
values of the organisation; legislation, regulations,
standards and codes to which the organisation sub-
scribes; views of stakeholders; statements of other
groups; and last, but not least, results and findings of
an initial environmental review. The content of the en-
vironmental policy relates to the organisation�s activi-
ties, products, services; defines the environmental ar-
eas to be addressed; appeals to broad as well as spe-
cific aspects; and may include occupational health and
safety aspects. ISO 14001 Standard requires that an
Environmental Policy Statement should:

· be defined by upper management;

· be appropriate for the nature and scale of the im-
pacts of the organisation�s  activities, products and
services;

· show commitment to continual improvement of en-
vironmental performance and prevention of pollu-
tion;

· demonstrate commitment to compliance with en-
vironmental legislation, regulations and other re-
quirements;

· be documented, implemented, maintained, and com-
municated to all employees; and

· be available to the public.

Students then learn how to develop an Environmen-
tal Action Plan (EAP), which, they are taught, should
meet environmental performance goals containing clear
measurable objectives and targets [5]. The EAP should
define priorities, identify the responsibilities of person-
nel, allocate resources, and set out measurable targets
and goals. The main criteria for the development of
EAP are environmental policy, legislation and regula-
tions, business opportunities, technical, operational and
economic requirements, and views of interested par-
ties. Targets should be set at all appropriate levels and
functions: research and development, manufacturing,
finance, planning, marketing, management and distri-
bution. They should be demanding, focus on major en-
vironmental aspects, show commitment to continual
improvement, be quantified wherever possible, and be
given specific deadlines. The EAP allocates staff, re-
sponsibilities and financial resources.

The success of implementation of an EMS depends
greatly on how the Action Plan is divided into specific

assignments, responsibilities and procedures. Students
must therefore develop an organisational chart of re-
sponsibilities and an example of technological proce-
dures relating, usually, to hazardous waste tracking or
storage, spills and fire protection, sampling or sample
presentation, laboratory analysis, etc.

The next part of the curriculum concentrates on
an EMS reporting and communication system. Ben-
efits of voluntary reporting are shown as:

· Enhanced investor and stakeholder confidence

· Easier access to capital and investment markets

· Trust of regulators

· Competitive advantage through customer approval

· Enhanced employee satisfaction and motivation

· Improved communication with interested parties

The external environmental report corresponds to
good business practice supported by the International
Commerce Chamber Business Charter for Sustain-
able Development. Students study the forms and
content of environmental reports and communications.

Study of the ISO 14000 data system concentrates
on data collection, interpretation, communication,
record handling, document control and maintenance,
hazardous waste tracking and storage, spills and fire
protection. The principles and organisation of envi-
ronmental monitoring and environmental computer nets
are also considered here.

In the next section of the course, students are ac-
quainted with EMS audit. The EMS audit is defined as:

a systematic, documented verification process
of objectively obtaining and evaluating evi-
dence to determine whether an organisation�s
EMS conforms with the EMS audit criteria, and
communicating the results of this process.

The issues of environmental audit instruments and cri-
teria, audit process and its execution, preparation of the
audit report are considered. In case studies, students
may use examples taken from the study pack [6].

The final part of the EMS course orients the stu-
dents in ISO 14000 and also ISO 9000 certification:
how an organisation can obtain ISO certification and
what benefits the certification gives to an enterprise
and to an industry. The attractiveness of ISO certifi-
cation to the Ukraine is specified.

SUSTAINABILITY PRINCIPLE IN THE
EMS COURSE

Complete integration with the principle of sustainability
is one of the prominent features of ISO 14000 stand-
ards on environmental management systems. The 1992
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United Nations Conference on Environment and De-
velopment in Rio de Janeiro set a lasting and sustain-
able development as a priority goal for the international
community. After that, courses in sustainable develop-
ment were introduced at DonSTU in 1993-95 as ob-
ligatory for students in environmental engineering.

Some other students acquire knowledge on
sustainability while studying the course on EMS. For
these students, a section on sustainable development
is introduced into the course.

The concept of sustainability demands that the three
main aspects of development - economic, social and
environmental - are considered as a whole  [5]. These
often produce conflicting interests and their pacifica-
tion implies an essential change in common views on
progress and growth in human society [7]. An impor-
tant aim is, therefore, to provide the ideology, con-
cepts and approaches of sustainable development to
our students who will soon contribute to material
progress and growth. They must be taught to avoid
and overcome many crucial threats to sustainability,
such as large-scale technical catastrophes, limited
supplies of non-renewable fuels and mineral raw ma-
terials, increasing greenhouse effects, ozone holes, soil,
water and air pollution.

The section on sustainable development in the
course contains a history of the problem of sustain-
ability; conflicts in the development of human socie-
ties and threats to sustainability; social, economic and
environmental aspects of sustainable development; and
the principles of low-waste technology.

SEMINARS AND CASE STUDIES

Much of the training in ISO 14000 EMS is undertaken
as case studies. Students, divided into groups of two
to four persons, undertake the following tasks:

· Study the business and technological performance
history of their own enterprise (using handout ma-
terial from the study pack)

· Conduct an initial environmental review

· Formulate environmental policy statements using
all necessary inputs

· Determine how policy statements are documented,
maintained, communicated and publicised

· Develop an Environmental Action Plan (EAP) for
their enterprises

· Divide the EAP into specific assignments, respon-
sibilities, and procedures

· Develop charts of environmental monitoring or en-
vironmental computer nets

The groups present their policy statements and

environmental action plans at a seminar, where they
receive and provide critiques of policy statements,
impacts of EAP and impacts of EAP failures. They
learn to assess how successfully an organisation acts
using such criteria as:

· the provision of necessary resources;

· carrying out best procedures and work tasks;

· initiation of actions to prevent noncompliance with
legal or policy requirements;

· identifying potential problems;

· providing solutions to problems and verifying im-
plementation;

· control of fulfilment of quantified targets and tasks;

· control of activities until required changes are car-
ried out; and

· readiness to act in emergencies.

The need for a system approach, which is the heart
of ISO EMS, is emphasised in all studies throughout
the course. For instance, at a seminar a teacher guides
students to the conclusion that a successful industrial
waste treatment programme for a particular industry
or enterprise should be, in fact, a total environmental
control programme. It should include not only tradi-
tional water pollution control, but also air pollution con-
trol, noise control, soil conservation, radiation protec-
tion, ground-water protection, hazardous waste man-
agement, solid waste disposal, and combined indus-
trial-municipal waste treatment and management.

STUDY PACK

Under the auspices of the Environmental Policy &
Technology Project the trainers in DonSTU have pre-
pared a study package containing about 170 slides that
cover all the topics of the EMS course [6]. The pack-
age comprises textual explanations, graphical illustra-
tions and schemes, and questions and checklists to each
chapter, worksheets to case studies for workgroups,
model environmental policy statements, and procedures,
etc. ISO 14001 standard and some other standards of
the ISO 14000 series are attached as an appendix.

English and Russian versions of the study pack have
been prepared. The English version was compiled first
as it was based on international standards and other
original sources written in English. Now it is used by
those students at DonSTU who take their courses in
English in the English Technical Faculty. Other stu-
dents use the Russian version, which is a translation
of the English one.

Figure 1 represents an example of a slide with an
explanatory text. The slide helps to understand what
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the environmental action plan is. Textual slides refer
to basic concepts and notions of environmental man-
agement standards, their structure and, especially, to
practical implementation steps.

Figure 2 gives an example of a graphical illustra-
tion from the package, illustrating how the Deming�s
model works. Turning the wheel, repeating continu-
ally the cycle:  plan - do - check - act to improve,
we increase the level of environmental performance.

Checklists, such as that shown in Figure 3, orient
students to appreciate each stage of EMS develop-
ment critically. They may be used as a source of ques-
tions for teachers to ask in the discussion at seminars
or, after the course, as a guide for implementing and
developing EMS in an enterprise.

The pack also contains environmental documents

Figure 1: An example of a slide from the study pack.

Figure 2: Graphical illustration explaining how Deming�s model works.

of leading world firms. For example, Kodak�s Nine
Guiding Principles, the US Department of Defence
EHS Policy and Akzo Nobel Operating Policy are
included as model environmental policy statements.

CONCLUSIONS

A good understanding of scientific and engineering
environmental issues together with strategy and prin-
ciples of environmental management and sustainable
development is a vital aspect of modern engineering
education. It is of special importance for the Ukraine,
especially as the country has inherited a badly dam-
aged environment, obsolete and polluting industrial
technologies.

The ISO 14000 series of standards on environmental

Continual improvement

Plan      Do

Act      Check

Time

Increased level of performance

Performance

What is an environmental action plan?  

• A process of narrowing down from broad, long-term goals
through objectives and targets to a plan of action.

• Which leads to:

• A plan of action to meet environmental performance goals
containing clear measurable objectives and targets…

• Based on:
The Environmental policy
Identified priorities
Environmental aspects of operations
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management systems is attractive due to the volun-
tary character oriented to continual step-by-step im-
provement in environmental performance of industries
and enterprises and complete integration with the prin-
ciple of sustainable development.

In developing the ideology of new courses in envi-
ronmental management systems, the DonSTU fac-
ulty used links with the international community of
engineering educators.

New courses on ISO 14000 environmental man-
agement system, the main ideas and topics of which
are presented in this paper, started at DonSTU, the
first in the Ukraine, in the 1997/98 academic year.
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Checklist: The Environmental Action Plan

1. Is the action plan consistent with the enterprise’s policy and strategy?

2. Does it contain concrete objectives and targets

3. Does the action plan contain:

• quantified objectives to reduce environmental impacts and risks?

• activities for the development of the EMS?

• appropriate reviewing and reporting procedures?
4. Does the action plan include for each activity:

• a description of the purpose and intended results of the activity?

• duration and date of completion?

• resources required?

• persons responsible for implementation and follow-up?
5. Is there provision for a periodic review to identify whether:

• implementation has achieved the intended results?

• additional activities must be included in the action plan?

• objectives, targets and activities require adjustment?
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