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HIGHER ENGINEERING EDUCATION FOR SUSTAINABLE DEVELOPMENT

Societal needs, related to the environmental challenges, require relevant human resource and, therefore, must be ade-
quately addressed in both the content and the teaching methodology of higher engineering education. The approach to rede-
fine the content of the engineering curriculum while addressing current and future needs of the sustainable development has
been analysed with respect to shift of the techno-economic development paradigm from the "cleaner production" concept to
the “industrial transformation” concept. Consortium comprising Ukrainian and EU academic, industrial, R &D and policy-
level stakeholders in the scope of the ongoing TEMPUS project "Higher engineering training for environmentally sustainable
industrial development" aims at addressing sustainability challenges through the set of activities, including introduction of
new taught disciplines.

1. Introduction

Ukraine, similarly to the countries of the European Union, faces common problems of the modern
world, related to environmental footprint of industrial development such as depletion of mineral re-
sources, anthropogenic pollution, excessive land use, climate change and alike. Borderless biosphere
and globalised economy make it impossible for any country to take up such challenges on its own.
Therefore international and cross-European cooperation is increasingly important to ensure future sus-
tainable development.

Current and future societal needs, related to environmental challenges, require relevant human re-
source and, therefore, must be adequately addressed in both the content and the teaching methodology
of higher engineering education, including also lifelong training.

The nature of emerging qualifications is not very well understood by educators. In-depth knowl-
edge within the own professional field, awareness of best available technologies (aimed at saving en-
ergy and resources, preventing pollution and recovery of wastes) are, of course, very important,
though not sufficient to fully address the environmental challenges. Therefore, the new content for the
engineering curriculum, addressing the needs of the sustainable development is yet to be defined.

2. Methodology and analysis

During several decades in higher engineering education the content of training modules, related to
environmental issues, was shaped around so called “cleaner production” concept. However, reaching
of the environmental targets, established by the society, requires a synergy of more complex measures.
For example, analysis [1] shows that global reduction of greenhouse gas (GHG) emissions for 15-20%
by the year 2050 compared to 1990 emission levels or by 50-60% compared to a ‘‘business as usual”’
scenario [2] will not be possible only by improvement of existing technologies. Recently published 5"
report of the Intergovernmental Panel for Climate Change [3], summarising studies of over 800 ex-
perts from all over the world, makes obvious the need for urgent action in development of radically
new technologies, enabling to mitigate the anthropogenic effect on the climate systems.

Therefore, a shift of the techno-economic development paradigm is needed to ensure sustainable
future. This will require reshaping the trajectories of technological innovation. Following issues must
be highlighted:

necessary CO, emissions reductions require major technological changes— improvement of exist-
ing processes will not be sufficient;

shift from the “cleaner production” concept to the “industrial transformation” concept in innova-
tions development and in education is required;

more complex efforts to address synergies related to all levels of systems of industrial production,
distribution and consumption are needed;

future industrial transformation, aimed at the climate stabilization, will have considerable effects
on economic activities, markets and behaviours.

New generation of university graduates must be equipped with knowledge and skills needed to ef-
fectively respond to current and emerging societal challenges. To address these needs the project enti-
tled "Higher engineering training for environmentally sustainable industrial development" (HETES)
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has been developed in the consortium of following organisations, representing academic, industrial, R
&D and policy-level sectors of both EU and Ukraine:

Katholieke Universiteit Leuven (Belgium);

Buckinghamshire New University (UK);

Universidad de Granada (Spain);

Royal Institute of Technology (Sweden);

Volvo Cars Gent (Belgium);

National Metallurgical Academy of Ukraine;

Donetsk National Technical University;

Ivano-Frankivsk National Technical University of Oil and Gas;

Kryvyi Rih National University;

Sevastopol National Technical University;

Ministry of Education and Science of Ukraine;

Ukrainian Research & Technology Center of Metallurgy Industry "Energostal".

The project is funded by the European Union under the TEMPUS programme with duration from
December 2013 through November 2016".

‘General aim of the project is to help improve relevance of higher engineering education in
Ukraine towards the challenges of current and future industrial transformation aimed at sustainable
development and climate stabilisation. Reaching of this aim will help deliver new generation of engi-
neers and will reinforce integration of Ukraine within the scope of cross-European efforts in mitigation
of the climate change, enhancing the resource efficiency and sustaining the raw materials supply.

“Climate action, resource efficiency and raw materials” [4] are identified by the European Com-
mission as important societal challenges. Moreover, National Indicative Programme of the European
Neighbourhood and Partnership Instrument for Ukraine stipulated urgent need for integration of envi-
ronmental considerations, improvement of energy efficiency in industrial sector and raising the envi-
ronmental awareness among consumers. Therefore, HETES addresses EU priorities and development
strategy of Ukraine. It also addresses higher education priorities and the labour market needs.

Important innovative features of the HETES project, compared to other initiatives that exist in a
field are:

focus on interdisciplinary issues with the potential to bring technological synergies and radically
new technologies, needed for environmentally-driven industrial transformation and enabling mitiga-
tion of climate change;

strong ties with European Union's strategy towards societal challenges, established for TEMPUS,
Erasmus+ and Horizon 2020 programmes, providing synergy of efforts in combining the training and
research activities;

emphasis on building capacity to address concerned societal challenges in a sustainable way
through development of relevant human resource, establishing training centres and professional net-
works;

industrial relevance, achieved by involvement of non-academic partners and universities with ex-
pertise in different industrial fields;

addressing broad spectrum of training, covering graduate, post-graduate and lifelong learning au-
diences.

Based on the analysis performed the target groups and their needs within the scope of the HETES
project are identified as follows:

educators need to learn experience of the EU universities in addressing concerned societal needs
by training;

students need to be equipped with skills and knowledge demanded by society and needed for their
future careers;

lifelong learning audience needs to update skills and knowledge and to acquire new qualifications
for future career;

* This project has been funded with support from the European Commission. This publication reflects the views only of the
authors, and the Commission cannot be held responsible for any use which may be made of the information contained
therein.
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industry needs to remain competitive under conditions of carbon-constrained economy, to be ca-
pable to uptake the technological innovations;

society at large needs to establish societal dialog that will result in defining the strategy for sus-
tainable development.

3. Results and discussion

The project has commenced in December 2013 with major focus within its first year on study of
the experience of the European partners. In order to acquaint the Ukrainian academics with hands on
experience and practices short study visits were organised during the spring of 2015 with focus on the
following issues:

Reform of university towards the needs of education for sustainable development

structural units, responsible for sustainability components (centres, departments, chairs)

overview of the documents, stipulating the strategy for sustainability (development concepts, ac-
tion plans)

Curriculum for sustainable development

overview of relevant degree programmes dedicated to sustainable development

methodology for embedding sustainability components to the curriculum

Skills, qualifications and learning outcomes for sustainable development

procedures and actors involved in definitions of skills, qualifications and learning outcomes

role of multidisciplinary approach

Role of practical training and partnership with enterprises

how practical training is organised and how the sustainability issues are focused

how enterprises take part in definition of sustainability component in education

Feedback from sustainability research and innovation to education

R & D policy for sustainable development

knowledge triangle: focus on sustainability

Based on the experience acquired the project partners developed the vision for the reform that will
be outlined in the development strategies of the Ukrainian project participants. Project partners will
develop the new discipline "Environmentally sustainable industrial development” (4 ECTS credits).
The content of this discipline is defined as follows.

1. The first module is common for all engineering profiles and aims at following pedagogical tar-
gets:

to raise environmental and climate change awareness (5™ IPCC report might be used as the most
comprehensive study in a field);

to introduce international initiatives and economic tools for sustainable development - Kyoto Pro-
tocol, UN FCCC, flexibility mechanisms such as Clean Development Mechanism, International Emis-
sions Trading, Joint Implementation;

to introduce interdisciplinary analytic tools such as Life-Cycle Assessment and alike.

2. The second module will be industry specific and will involve following components

Innovations and Best Available Technologies — potential for emissions reduction;

Innovations and Best Available Technologies (BAT) and analysis of their potential for emissions
reduction and mitigation of climate change;

Introduction to ongoing industry-specific EU initiatives, aimed at development and implementa-
tion of environmentally drive innovations. In the field of iron and steelmaking examples of such initia-
tives are ULCOS - ultra-low CO, steelmaking) and non-EU (COURSE 50 in Japan (CO, Ultimate Re-
duction in Steelmaking Process by Innovative Technology for Cool Earth 50 [5]);

Carbon accounting methodology.

3. The third module is defined as an interdisciplinary team project aimed to explore environmen-
tally-driven technological innovations, involving students of different majors.

The new discipline will be validated in discussion with industrial stakeholders and implemented
to teaching from 2015/16 academic year. Future project activities will include also establishing of the
Interfaculty Sustainable Development Centres in the Ukrainian universities.

Summary

The approach to higher engineering education reform was analysed in a view of reaching the envi-
ronmental targets, established by the society. A need for curricular reform aimed to equip graduates
with skills and qualifications needed to address the challenges of current and future sustainability have
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been stipulated. The content of the interdisciplinary discipline "Environmentally sustainable industrial
development" was defined.
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KpuBoposkckuil HallMOHATBHBIN YHUBEPCUTET

YCOBEPHIEHCTBOBAHUE ITPOLEAYPBI IOJYYEHUSA JOITY CKA
JJI51 BBIITIOJIHEHUA PEMOHTHBIX PABOT
HA TEXHOJIOI'MYECKOM OBOPYJIOBAHMUMU C DJIEKTPOIIPUBOJOM

ITpakTHKa MOKA3bIBACT, YTO MPHUYUHON THKEIBIX (OPM DIIEKTPOTPABM SBIISIOTCS HECOTJIACOBAaHHbIE M OLIMOOYHbBIE Neii-
CTBHS NEpCOHasa, OIMOOYHAS MM0Jaya HANpSDKEHHs Ha YCTaHOBKY, IZie padoTaloT JIIOAW, HapyLIeHHe MpaBuil O€30MacHOi
9KCIUTyaTalliK 3JIeKTPOYCTaHOBOK noTpedureneil. C 1enbro mpoHIaKTUKK HIEKTPOTPABMATH3Ma Ha TOPHBIX IPEANPHATHIX
000CHOBaHa HEOOXOUMOCTH EPECMOTPA U MOJIEPHU3ANH CYIIECTBYIOMIETO MOAX0Aa K KOHTPOIIIO MOJauH JIEKTPHIECKOTO
HaNpsDKEHHUS TIPH IPOM3BOJACTBE PEMOHTHBIX PabOT, COBEPIIEHCTBOBAHMIO JEHCTBYIOLIEH OMPOYHOM CHCTEMBI JOIyCKa K
PEMOHTaM TEXHOJOTHYECKOT0 000pYyJOBaHUS, BHECEHHS JOIOJHEHHI B TEXHUUECKHE MEPOIIPUATHS IO pazdopy JIeKTpHde-
CKHX CXEM C HCIOJIL30BAaHUEM OITBITA MEPEJOBBIX MHPOBBIX TEXHOJOTUH — BHEAPEHHS MEXIyHapomHOro cranmapra BMII
(Bnoxuposka — Mapkuposka — [IpoBepka). Kak mokasan ananms, aeiictByromasi OMpoYHas cCHCTeMa Ha TOPHOPYAHBIX MpeJ-
npustusix Kpubacca ycrymaer coeit addextrBHOCTRIO cucteMe Lockout-tagout (LOTO). LOTO no3BosnsieT npakTHYecKn
HOJTHOCTBIO YCTPAHUTh PUCKH, CBA3aHHbIE C YEIOBEUECKMM (hakTOpoM, Ipr 00eCTOUNBAHUN 000PYAOBaHUS U OJIOKMPOBAHUH
HOJIaYM OIIACHOM SHEPIUM, CHIKAsl IPOU3BOJCTBEHHBIH TpaBMaTH3M 10 0%. OG0CHOBaHO HanpaBiIeHHE JaIbHEHIINX Hccie-
JIOBaHMii [0 YCOBEPIICHCTBOBAHHIO CYIIECTBYIOIISH OMPOYHOM CHCTEMBI C BHEPEHHUEM B Hee 3JeMeHTOB cuctembl Lockout-
tagout (LOTO) mmu neranmsauuu ctangapra Lockout-tagout (LOTO) Ha rocyqapcTBEHHOM YPOBHE M LIEIECOOOPAa3HOCTH
BBEZICHHS OJIOKHPYIOMNX yCTPOHCTB, KaK 3JIEMEHTOB TEXHUYECKHX MEPOIPHUSATHII U MOATOTOBKH pabodero Mecra K pado-
Te, TpeOYIOIEeH CHATHS HalPSKEHMS.

IIpodsemMa u ee cBsA3b ¢ HAYYHBIMH U NMPAKTHYEeCKMMH 3agadyaMu. COrjlacHO JaHHBIM CTaTH-
CTHKH, B 00IIeH Macce TpaBM Ha IPOM3BOJCTBE C BPEMEHHOH yTpaToil TPyIocrnocoOHOCTH BEC DIIEK-
TPOTPAaBM HE3HAUUTEINEH - JUb 2 %. OIHAKO Cpefy TPAaBM CO CMEPTENIbHBIM (JIETAbHBIM) UCXOI0M
ANEKTPOTPABM 3aHUMAIOT Beayliee MecTo - 12,2%, T.e. kaxkaas ceapMas CMEpTeIbHasi TpaBMa BbI3Ba-
Ha AJIEKTPUYECKUM TOKOM IIPU HATMYUHU OTPOMHOIO KOJIMYECTBA IPYTUX OMACHBIX IPOU3BOICTBEHHBIX
(hakTOpOB, TAKUX KaK CTAHKH, TPAHCIIOPTHBIC M TPY30I0IbEMHBIE CPEIICTBA, BO3MOKHOCTD MAJICHHS C
BBICOTHI TIPU MOHTaXE 3[JaHHI, COOPYKEHUN U TPAHCIIOPTHBIX OOBEKTOB, HAJTMUNE B3PHIBOOIACHBIX H
TOKCHUYHBIX XMMHYECKUX BELIECTB U T.II.

Kaxxnprit HecHacTHBIN CiIydait SIBIIETCA B KOHEYHOM CUETE PE3YIHTATOM OMACHOTO Pa3BUTHUS TEX-
HOJIOTUYECKOTO IMPOIECcca, OpraHu3aliui padoT, ONMPEICICHHBIX KOHCTPYKTUBHBIX HEIOCTaTKOB 000-
PYlIOBaHHUS, HEBBITIOTHEHNUS TPEOOBAaHUH MPOMBIIIJIEHHON 0€30MacCHOCTH M HEBHUMaHU K HUM pabo-
YUX U UHKEHEPHO-TEXHUUECKUX PYKOBOIUTENEH.

Kak wu3BecTHO, MpaBWJIaMU MPOMBIIIICHHON 0€30MacHOCTH, MHCTPYKIUSMHU TIO 3KCILTyaTaluu
ANIEKTPOOOOPYAOBAHUS U IPYTHUMH PETIAMEHTUPYIONIMMH JOKYMEHTAMH KaTErOPHUYECKH 3aIpeniaeTcs
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