b-tu AHINPOBCBHKA
Brandgnburgis.che ) nonITEXHIKA
Technische Universitat 1899

Cottbus - Senftenberg

Universities in Support of Sustainable Development!

Sustainability ~
in the Industrial Sector

Proceedings of the Study Seminar

Dnipro-Cottbus
Accent 2021



Brandenburg University of Technology Cottbus-Senftenberg
National Technical University Dnipro Polytechnic

Sustainability in the Industrial Sector

Proceedings of the Study Seminar
under the DAAD programme “Eastern Partnerships”

24th December 2020 — 18th January 2021

Dnipro-Cottbus
Accent 2021



YOK 338.242.2 (477)
BEK 65.9 (4Ykp) 28-21519

C 76 Sustainability in the industrial sector: Proceedings of the Study Seminar at

NTU Dnipro Polytechnic - BTU Cottbus-Senftenberg, 24th Dec. 2020 — 18th Jan. 2021.
Ed.: Shvets V., Paliekhova L. Dnipro-Cottbus: Accent, 2021. 192 p.

ISBN 978-966-921-306-8

C76

In this compendium of training materials, the authors took into consideration new trends in understanding the
aims and instruments of management for sustainable development in the industrial sector. A special attention
in the studies is given to the problem of international voluntary sustainability standards under conditions of
Ukrainian transitional economy. For researchers, university students and teaching staff, servants in bodies of
public and municipal administration, managers of business structures.

This publication was prepared with support of the DAAD programme “Eastern Partnerships” in the
framework of the Study Seminar “Sustainability in the Industrial Sector”

Cranictb y npomMucrnoBomMy cektopi: MaTtepianu HaB4anbHOro cemiHapy.
HTY “OHinpoBcbka nonitexHika” - BTY Kottbyc-3eHdTeHbepr, 24 rpya. 2020 — 18 civ. 2021.
3a 3ar. peg. Weeusa B., Manexosoi J1. OHinpo-KoT1Tbyc: AkueHT, 2021. 192 c.

Y 306ipHMKY HaBYanbHWX MaTepianis aBToOpyM BpaxyBanu HOBi TEHOEHUI Y PO3yMiHHI Uinen Ta mMexaHiamis
ynpaBfiHHA CTanuMm  po3BUTKOM Yy npomucrioBocTi. OcobnmBa yBara B [AOCHIMDKEHHSX MPUAINSETbCS
npobremi MibkHapoaHUx SOBPOBINbHUX CTaHAAPTIB CTanocTi B yMOBax nepexigHoi eKoHOMikM YkpaiHu. [Ans
AOCNiAHVKIB, CTYAEHTIB YHIBEPCUTETIB Ta BUKNadayiB, CNy>00BLiB B OpraHax MyHiLMNanbHOro ynpasniHHSA,
MeHeOxepiB 6i3HeC-CTPYKTyp.

lyb6nikauis 6yna nideomoeneHa 3a nidmpumku DAAD “CxiOHe napmHepcmeo” 8 pamkax
HasyarnbHoz2o cemiHapy “Cmarnicmb y rnpomMucriogomy cekmopi”

ISBN 978-966-921-306-8 © NTU “Dnipro Polytechnic”, 2021



TABLE OF CONTENTS

INTRODUCTION ..o

Towards sustainable development of industry:
prospects for Ukraine
Vasily Shvets & Liudmyla Paliekhova ....................

Challenges faced by Ukrainian industry in
accomplishing sustainability goals
Tetiana Kuvaieva ...........ccoooiieiiiiiieecicecc e

Sustainable Development Indicators
Tetiana ArkNYpenko ........cccooviiiiiiiiiiiiieeeen

From supply chains to value chains:
sustainability management
Liudmyla Paliekhova .............ccoiiiiiin,

Sustainable supply chain management
Tetiana Kuvaieva & Victoriia Ponomarova ..............

Managing sustainability via balancing
the energy trilemma
Vasily Shvets & Liudmyla Paliekhova ....................

19

27

33

41

49

New electricity market in Ukraine: transformation of
market participants and working conditions
Natalia Dreshpak & Liudmyla Paliekhova ................

Progress and recent trends in wind energy: Ukrainian
experience
DmytroTSYpleNKOV ...

A review of wind energy technologies
Tetiana Liabahova .............ccooooiiiiiiii i

Analysis of the potential solar energy market
in Ukraine
Liudmyla Paliekhova & Yuliia Honcharenko ............

11 Towards a sustainable energy future in Ukraine
Natalia Dreshpak & Anton Isaiev...............c.ocoeeeeee.

Enabling sustainable management for industrial
enterprises
Olena Tryfonova, Liudmyla Paliekhova..................

Energy saving and energy efficiency principles for
policymaking in industry
Olena Churikanova & Oleksandr Tararin................

57

67

75

81

91

97

103



Introduction of energy management system standards
in Ukrainian industry
Olena Churikanova............c.coovveiiiiiiiiiiiee e 109

Ukrainian public policies to support the energy
sustainability under global stress
Vasily Shvets & Zakhar Riz0 ...........ccccvviiiiiiiniinnn, 115

Circular economy: the concept and its barriers in
Ukraine
ArtemM Bardas ............ooooeeiiiieeeeee e 119

Technological transitioning to circular economy:
mechanical engineering sector
Yuliia Dubiei & Nataliia Kruchinina............................ 125

Air pollution assessment and control in industrial sector
Oleksandr KOVIOV ........coviuieiiiiiiiieee e 131

Analysis of the ecological situation and trends in a
typical mining town
Serhii KraSOVSKYi ........ovuiveiiiieseee e 143

Mainstreaming biodiversity in industry development
Vasily Shvets & Kateryna Kolesnykova................... 147

Environmental challenges for PJSC "ArcelorMittal
Kryvyi Rih*
Mykyta MEKSAUN................ccceeeieieeiiiiieieae 157

Waste management situation in urban areas of Ukraine
Kyrylo Zvoryhin ... 161

A survey of sustainability reporting initiatives
Olena Diachenko .........cooviiiiiiiiiiiieiiee e 167

Disclosure as governance: Extractive Industries
Transparency Initiative (EITI) in Ukraine
Vasily Shvets & Yuliia Honcharenko ...................... 173

Circular innovation in small business: German and
Ukrainian experience

Nataliia Nechai & Liudmyla Paliekhova .................. 179
Network effects of sustainability in high-tech markets

Liudmyla Paliekhova ............cccooiiiiiiiiiii 185
REFERENCES.......cco i 188



INTRODUCTION

This compendium of training material is the result of the training
project jointly organised by the Brandenburg University of
Technology Cottbus-Senftenberg (BTU), Cottbus, Germany and
National Technical University “Dnipro Polytechnic”, Dnipro,
Ukraine with the support of the German Academic Exchange
Service (DAAD).

The online Study Seminar “Sustainability in the Industrial
Sector” was carried out between 24th December 2020 and
18th January 2021 in the framework of the General Agreement
on Cooperation between the two universities, and pursuant to
the Memorandum of Understanding on implementation of the
joint research project on sustainability and e-learning in higher
education between the Faculty of Environment and Natural
Sciences of BTU and the Institute of Economics of Dnipro
Polytechnic.

The cooperation between BTU and Dnipro Polytechnic
(former National Mining University) goes back to 1998. Besides
the 2020-2021 Study Seminar, several joint educational and
research projects, summer and winter schools, internship
programmes as well as various training courses have taken
place since then.

In accordance with the objectives of the DAAD Programme
“Study Seminars for Groups of Foreign Students in Germany
2019/2020”, the objectives of the project were related to the
transition to sustainable industrial development under the EU-
Ukraine Association Agreement.

While the association process refers to all kinds of sectors
of the economy, industry is the main or crucial sector that
requires substantial efforts from Ukraine in the context of
priorities of the EU Strategy on Sustainable Development up to
2030.

The presented training materials give an insight to the
problems, experiences and perspectives in the key areas of
industrial sustainability in Ukraine. All contributions in this
volume represent the personal opinions of their authors.
Despite all reasonable efforts, the editors cannot guarantee
the accuracy of all information and data provided in this
publication.

Editors
Prof. Vasily Shvets and Dr. Liudmyla Paliekhova

Dnipro, Ukraine February 2021



“We want to change our world. And we can. We want to give the world a more humane face. And we can.
That is what the 2030 Agenda is for. To this end, we are adopting new goals which cover the entire
spectrum of global development and which apply to all, industrial and developing countries alike”

Dr Angela Merkel, Chancellor of the Federal Republic of Germany,
United Nations Sustainable Development Summit,
New York, 25 September 2015

“27 European Leaders have signed up to the European Commission's proposal for taking climate action to
a new level of ambition ...And it is more than cutting emissions. It is about green finance. It is about
restoring biodiversity. It is about a new circular economy that creates jobs and prosperity while preserving
nature. Many things have to change, so that our planet can remain the same for the next generation ....
Let us walk this road together!”

Ursula von der Leyen, President of the European Commission,
Climate Ambition Summit,
Brussels, 12 December 2020

“The Green Deal ... is a comprehensive plan to make our economy and society ready for a climate neutral
future. A future where we live in harmony with our natural environment. It applies to every sector and
every region and appeals to everyone to grasp the opportunities inherent to the transition”

Frans Timmermans, European Commission Executive
Vice-President for the European Green Deal,
Sustainable Development Summit,

12 February 2021
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1 Definition of Sustainable Development

Economic-Social
Business Ethics
Fair trade
Worker’s rights

’/’/ = %4‘\\T
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/
/ Social
/ Standard of Living
{’ Education
|
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/

Economic
\
\ Profit
Cost Saving
Community | Economic Growth

| Equal Opportunity

Social-Environmental Environmental

Use of Natural Resource
Pollution Prevention
nvironmental Management

“Environmental-Economic
Energy Efficiency
Use of Natural Resources

Environmental Justice
Natural resource stewardship,
locally and globally

Threespheres of Sustainability

v The triple bottom line means that companies should consider 3
different bottom lines in their businesses

v' Oganizations should also measure how socially responsible the
operations across their value-chain are

v" In the end, the idea is business needs to be concerned about its
impact on people and planet — and not only finance and profit

'Palekhova L. (2020) Sustainable Development Governance: A Handbook [59]

General concept of sustainable development'

» Sustainable development takes into account social
and environmental factors along with economic
goals; living and non-living resources; both long-term
and short-term benefits; various alternative actions

International Union for Conservation of Nature and Natural
Resources: World Conservation Strategy (1980)

» Sustainable development is development that

meets the needs of the present, without

compromising the ability of future generations to
meet their own needs

I

(1) needs and human values l

Brundtland Report: Our Common Future (1987)

(2) restrictions on the use of natural
resources

8 ntudp.com Prof. V. Shvets & Dr. L. Paliekhova // 24.12.2020



Winter School “Sustainability in the Industrial Sector” Cottbus, Germany — Dnipro, Ukraine

2 Designation of the Sustainable Development Goals in
industry

Sustainable Development Goals in industry [34]: Industrial sector

» To meet future sustanability challenges, existing
industries and infrastructure must be upgraded. For
this, we need to promote innovative sustainable '! ' u r
technologies that address today's environmental and —
social challenges Sourcing Production Products

» Inclusive and sustainable industrialization, together
with innovation and infrastructure, can unleash
dynamic and competitive economic forces that
generate employment and prosperity Atermediate

Major

» A high technology sectors convey better
environmental productivity performances, namely
emissions on economic value, with respect to
medium-tech sectors

» This effect to be taken into account, in light of the:
manufacturing weight of emerging economies; new
EU target towards a newly increased 20% GDP
manufacturing share; and the higher innovation
intensity of manufacturing versus service

> Least developed countries need to accelerate the Globally, investment in research and development (R&D) as a

development of their manufacturing sector towards proportion of GDP increased from 1.5 per cent in 2000 to 1.7 per
achieving the 2030 targets , and scale up efforts in cent in 2015 and remained almost unchanged in 2017, but was only

scientific research and innovation less than 1 per cent in developing countries [28]

ntudp.com Prof. V. Shvets & Dr. L. Paliekhova // 24.12.2020
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3 SDG 9 indicators: industrial sector

Goal 9: Build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innovation [28]:

9.2. Promote inclusive and sustainable industrialization and, by 2030,
significantly raise industry’s share of employment and gross domestic product,
in with national circumstances, and double its share in least developed
countries

Indicator 9.2.1: Manufacturing value added as a proportion of GDP and per

capita
Indicator 9.2.2: Manufacturing employment as a proportion of total
employment
The importance of this goal for Ukraine 9.3. Increase the access of small-scale industrial and other enterprises, in
particular in developing countries, to financial services, including affordable
v' SDG 9 plays a special role in ensuring progress in credit, and their integration into value chains and markets
achievement of all the SDGs by providing preconditions Indicator 9.3.1: Proportion of small-scale industries in total industry value
for growth of value added and GDP. Emergence and added
proliferation of the 4th Industrial Revolution technologies Indicator 9.3.2: Proportion of small-scale industries with a loan or line of credit
is substantially changing the nature of production in the 9.5. Enhance scientific research, upgrade the technological capabilities of
manufacturing industry industrial sectors in all countries, in particular developing countries, including,
v To go up the technology ladder, Ukraine should by 2030, encouraging innovation and substantially increasing the number of
restore its industrial base, engage its scientific and research and development workers per 1 million people and public and private

research and development spending

Indicator 9.5.1: Research and development expenditure as a proportion of
GDP

Indicator 9.5.2: Researchers (in full-time equivalent) per million inhabitants
9.b. Support domestic technology development, research and innovation in
developing countries, including by ensuring a conducive policy environment for,
inter alias, industrial diversification and value addition to commodities

9.b.1: Proportion of medium and high-tech industry value added in total value
added

innovative potential for that purpose, digitize its
production processes, and reconstruct its infrastructure

10 ntudp.com Prof. V. Shvets & Dr. L. Paliekhova // 24.12.2020
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4 Key business themes addressed by the SDGs 7, 8, 12

SDG 7 covers two key areas:
areas:
modernizing the energy

and increasing energy efficiency?

Key business themes

v' Commit to sourcing 100% of
operational electricity needs from
renewable sources

v" Reduce the internal demand for
transport by prioritizing
telecommunications and incentivize less
energy intensive modes such as train
travel over auto and air travel

v" Invest in R&D related to sustainable
energy services, bringing new
technologies to the market quickly

v’ Integrate renewable energy into
employee benefits packages,
subsidizing the capital expenditures
associated with residential solar or
electric vehicle investments

v’ Prioritize energy efficiency across
operations through tools such as the use
of an internal carbon price and science-
based target setting to reduce overall
demand for energy

8

L edSDG 8 includes two main
esoionzGRonTH

/~/| economic growth

‘I and decent work

Key business themes

v’ Offer apprenticeship opportunities

v Foster entrepreneurial culture and
invest in or mentor young entrepreneurs

v Initiate skills development programs
moving down company supply chains

v' Put in place mechanisms to identify
child labor and forced labor throughout
global supply chains, and implement
remediation when abuses are
discovered

v" Install a firm policy against unfair
hiring and recruitment practices,
particularly of vulnerable groups such

“Companies that are not demonstrating
robust commitments in this space are
likely to find themselves being held
increasingly accountable by a range of
stakeholders [29]

Sustainable Development Goals - the United Nations Report: The 17 Goals [76]

12

. SDG 12 covers three key areas:
reducing resource intensity of
the economy and ensuring
environmental safety

Key business themes

v Implement product portfolio analysis tools
to understand environmental and social
footprint of products within lifestyles as
well as production

v" Develop innovative business models
such as moving from selling products to
selling services, to retain ownership of the
products and help close the materials loop

v' Reduce manufacturing impacts by
substituting virgin raw materials in
products with post-consumer materials
through recycling and upcycling.

v Apply modular design, so products’
constituent parts will be easily separated
and either re-used without further
processing, or easily recycled near the
point of disposal.

v' Significantly reduce waste and ensure
that any unavoidable waste is utilized to

ntudp.com
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5 Sustainability: Europeanindustry

A new Industrial Strategy for a globally competitive, green
and digital Europe®

They are three drivers will transform EU industry:

e there are no net emissions of greenhouse gases by 2050
~economic growth is decoupled from resource use

-»no person and no place is left behind

¢ the Digital transition, supported by the EU’s digital strategy
~open up new opportunities for businesses

encourage the development of trustworthy technology

- foster an open and democratic society

»enable a vibrant and sustainable economy

- help fight climate change and achieve the green transition

e keep Europe sustainable and competitive, and support our
small and medium-sized enterprises (SMES)

-the impact of its single market to set global standards

- competitiveness on the global stage

*A New Industrial Strategy for Europe (2020) [1]
*ACEA (2020) [2]

“We must show solidarity with the most affected regions in
Europe, such as coal mining regions and others, to make
sure the Green Deal gets everyone’s full support and has a
chance to become a reality” [83]

I EUROPEAN INDUSTRY

v 20% of total EU value added

v Industry accounts for 80% of exports

v" 35 million Jobs

v 99%o0f European firms are small and medium sized
businesses

Share of EU greenhouse gas emissions, by sector?

TRANSPORT

22.3%

15.5% [ 10.4%

3.3%

@ ENERGY SECTOR @ AGRICULTURE
INDUSTRY ™ © WASTE SECTOR
i3 TRANSPORT @ OTHERS, INCL BUILDINGS

12 ntudp.com Prof. V. Shvets & Dr. L. Paliekhova // 24.12.2020
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6 Top 5 successful business models that put the circular
economy to work

1 Circular supplies

'QDSM

2 Resource recovery

%
s

BEIISPIRED
SR

3 Product life extension

4 Sharing platforms

E]’[?I . 3es

G TaskRabbit

5 Product as a service
PN

PHILIDS

Top 5 successful business models for circular economy [24]:

Royal DSM has developed a cellulosic bio-ethanol in which agricultural residue (baled corn cobs,
husks,

leaves and stalks) is converted into renewable fuel. The cellulosic bio-ethanol created a new source of
revenue for DSM, while reducing emissions, creating jobs and strengthening national energy security

Walt Disney World Resort sends food waste from select restaurants in its complex to a nearby 5.4
MW anaerobic digestion facility owned and operated by Harvest Power. The organic waste is
converted into renewable biogas to generate electricity, with the remaining solid material processed
into fertilizer. The energy generated helps to power Central Florida, including Walt Disney Resort’s
hotels and theme parks

Caterpillar. Over the past 40 years, Caterpillar's remanufacturing activity, through its Reman Program,
has focused on returning components at end of life to same-as-new condition or quality that reduces
costs, waste, greenhouse gas emissions and need for raw inputs

The sharing platform model is centered on the sharing of products and assets that have a low
ownership or use rate. Companies that leverage this model can maximize the use of the
products they sell, enhance productivity and value creation. Examples of the sharing economy abound,
including transportation (Lyft, RelayRides, BlaBlaCar), lodging (Airbnb), and neighbors helping
neighbors (TaskRabbit, Neighbor Goods)

Philips sells lighting as a service, in which the company aims to reach more customers by retaining
ownership of the lights and equipment so customers do not have to pay the upfront costs of installation

ntudp.com Prof. V. Shvets & Dr. L. Paliekhova // 24.12.2020 13
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7 Implementing the SDG 7 in Ukraine

Ukraine has achieved progress in 15 of 17 SDGs [79]: 17 g 1

» Three of the 7 indicators demonstrate positive
dynamics; negative dynamics is present for three
indicators as compared to 2015

» The Government adopted in 2017 the updated

Energy Strategy of Ukraine up to 2035 “Security, L
energy efficiency, competitiveness” which is
currently in implementation
-~ l 5
SIGNIFICANT PROGRESS: . Goal has been actieved ;
Goal/Target: progress and estimates of probability of achlevement [EEpsHsheiors 4 vl be adtieved
PROBABILITY .' i
6
MIXED PROGRESS:
MEDIUM / MODERATE PROBABILITY
, “.\‘.
SMALL PROBABILITY ™ :
Target will Tarnet will be
. ey } met If respeetive T 17 2030 SDGs
| substantial actions are taken
Target might be met, subject : Eﬂuri:ﬁrﬁ immodiately 25 100 Percentage of completion
Target might not to the availability of sufficient tee
be met ! resources and the commitment

Indicator 715 - data not available.

14 ntudp.com Prof. V. Shvets & Dr. L. Paliekhova // 24.12.2020
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8 Implementing the SDG 8 in Ukraine

Tl > Out of 14 indicators measuring progress in

UL - gchievement of the national ambitious Goal 8,

// the target value has been achieved for two;
I' high likelihood of achievement in 2020 exists for

three indicators; positive dynamics needing

acceleration is present for five indicators;

and three indicators demonstrate negative or

very weak positive dynamics [79]

8

4 A |
SIGNIFICANT PROGRESS: _«Boal has been achieved
CONSIDERABLE  orvil beactlfeved

MIXED PROGRESS:

MEDIUM / MODERATE PROBABILITY @
SMALL PROBABILITY ) @ E @
@ Target will Target will be
Y bemet,if } met, i respective

i Targetmight be met, subject substantial actions are taken
Target might not 4§ to the availability of sufficient i effortsare immediately
be met ! resources and the commitment ! taken

PROBABILITY @

The positive trends:

v" improvement of Ukraine’s position in the Doing
Business ranking by 17places to number 64 in 2019
(versus 2015)

v'a positive upward trend emerged during 2017-
2019 in exports of high- and medium-high-tech goods
—a 29.7% cumulative increase over the period

v' Ukraine has changed the geographical structure of
exports but has still not made up for the loss of their
absolute export volumes.At the same time, export
dynamics of high-tech services has gathered substantial
pace

The following steps are require:

v" development of high-tech competitive productions
considering the specifics of value added creation
along the entire innovation chain

v/ activation of investment processes, realization of
infrastructural projects

v'institutional and financial support for development
of innovative processes and products, protection of
intellectual property

v/ entry into markets of goods and services with a
high share of gross value added

v financial stability and better conditions of access
to domestic and external financial resources for all

ntudp.com
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9 Implementing the SDG 9 in Ukraine

Tl > Out of 14 indicators measuring progress in
Ll achievement of the national ambitious Goal 9,
no data for 2015-2019 are so far present for
three indicators. Only four of other 11 indicators
show positive dynamics [79]

o
SIGNIFICANT PROGRESS: - Goal has been achieved
CONSIDERABLE or wil be achieved
PROBABILITY

MIXED PROGRESS:
MEDIUM / MODERATE PROBABILITY

SMALL PROBABILITY

o \ Target might be

\ Target will Target will he

m:l, subletC)it‘IO bemetif | } met, if respective

i the availability substantial actions are taken
of sufficient

efforts are
taken

H immediately
Tesources 4 :

and the

Target might not be met 4 commitment

* Indicator 941, 9.7 - expert estimations.
Indicator 911, 9.31,9.3.2 - data not available.

The positive trends:

v growth of the share of small enterprises in industry’s
total value added from 5.2% in 2015 to 8.5% in 2018,
which points to gradual strengthening of the role of small
enterprises in industrial development

v' increase in the share of industry’s total value
added in GDP from 19.8%in 2015 to 21.0% in 2018
occurredonly due to a growing share of such sectors
as mining and quarrying (from 4.8% in 2015 to 6.0% in
2018) and supply of electricity, gas, steamand
conditioned air (from 2.7% in 2015 to 3.1% in 2018)

The following steps are require:
v' design and implement strategic directions of industry
development that will contain innovative approaches and
the Industry 4.0 principles to bring industrial production
up to date
v' modernize and expand industrial production, inter alia
by developing existing and creating new activities with
higher value added, and integrating into global production
chains
v ensure regional development of industry by increasing
industrial production and processing outputs
strengthening regional production chains, and developing
cluster cooperation in industry
v enhance resource efficiency of industry by means of
encouraging innovations and simplifying access to
investment resources for implementation of resource-
saving technologies

16 ntudp.com
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10 Implementing the SDG 12 in Ukraine

wwm > Out of 6 indicators measuring progress in The positive trends:
1 Ly achievement of the national ambitious Goal 12, v reduction of resource consumption in GDP in
positive dynamics is present in three, and for 2018 versus 2015, by component: GDP energy
m another one achievement of the 2020 target value intensity to 95.3%; GDP material intensity to 97.2%;
is quite realistic. For 2 indicators, negative dynamics GDP carbon intensity to 83.8%; GDP water intensity to
compared to 2015 is observed [79] 95.2%

- The following steps are require:

A
oy TS A I —_ = SIGNIFICANT PROGRESS: 6oal has been achieved v' ensure sustainable use of chemical substances
Goal/Target: progress and estimates of probability of achievement* y ‘ ) ) f .
D e Provaiity of achiovemen v eV DT S i L based on innovative technologies and production

PROBABILITY | L
| facilities
MIXED PROGRESS: v improve the waste management legislation aimed
MEDNLA,/ MODERATE PROEABILTTY at introducing in Ukraine a new hierarchy of waste
management and broader producer liability
v " . . .
SMALL PROBABILITY preconditions fo_r introduction of_a circular
economy model, first of all by focusing on resource-
; efficient and environmentally clean production (including
Targetwill i) Targetwill be ; .
: | el } S F i energy saving) and consumption
§ bk sl e v’ create cost-effective technologies for solid domestic
Target might be met, subject ! H : .
Brgetmightnot. | tohe avalbiftyof suffient. g | taken waste processing to obtain a societally useful end
bemet N resourcesand the commitment N product

Indicator 12.31 - data not available. . .. .. .
v" improve existing logistic approaches to domestic

waste management on national and regional levels

v' addressing the issue of radioactive waste
management

ntudp.com Prof. V. Shvets & Dr. L. Paliekhova // 24.12.2020 17



Winter School “Sustainability in the Industrial Sector” Cottbus, Germany - Dnipro, Ukraine

Citation by reference, partial or full reproduction:

Shvets V., Paliekhova L. Towards sustainable development of industry:
prospects for Ukraine. In: Sustainability in the industrial sector: Proceedings of
the Study Seminar at NTU Dnipro Polytechnic - BTU Cottbus-Senftenberg, 24th
Dec. 2020 - 18th Jan. 2021. Ed.: Shvets V., Paliekhova L. Dnipro-Cottbus:
Accent, 2021. PP. 7-18

Vasily Shvets

M svy@nmu.one

+38 0675651577

©

Ludmila Paliekhova

S Paliekhova.L.L@nmu.one

)

+38 0676837769

@

18 ntudp.com Prof. V. Shvets & Dr. L. Paliekhova // 24.12.2020



Winter School “Sustainability in the Industrial Sector”
Cottbus, Germany — Dnipro, Ukraine

Challenges faced by Ukrainian industry in
accomplishing sustainability goals

Dr. Tetiana Kuvaieva
National Technical University Dnipro Polytechnic, Ukraine



Winter School “Sustainability in the Industrial Sector”
1 SDGs in Ukraine

SDGs adapted for Ukraine
through an open process
(national and local levels).

SDGs monitoring
introduced.

National SDGs targets [86)
with benchmarks
and national SDGs
indicators (183) established.

Maonitoring report on
the SDGs (statistical
data), thematic report
*SDGs for Children” and

National Report “SDG8"
Baseline report presented.

"SDGs: Ukraine” appraoved.

v An inclusive process of the SDGs adaptation for Ukraine,
tailored to the national development context, resulted in
an SDGs system consisting of 86 targets with 183
monitoring indicators

v The Government established the Inter-Agency Working
Group on SDGs to coordinate the goals achievement efforts

20 ntudp.com Dr. T. Kuvaieva /l 24.12.2020
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The work on the SDGs began in Ukraine in 2015,
with adaptation of the SDGs for Ukraine subject to its
national development specifics as the first step

In September 2019, the Decree of the President of
Ukraine “On the Sustainable Development Goals for
Ukraine up to 2030” stated that “the Sustainable
Development Goals for Ukraine up to 2030 are
benchmarks for drafting of forecast and policy
documents and regulatory legal acts to ensure a
balanced character of the economic, social and
environmental dimensions of Ukraine’s sustainable
development” [79]

The global SDG indicator framework consists of

232 indicators. However, not all the indicators
are relevant to Ukraine, and data sources have
gaps on some of them. Priority was given to
those indicators data for which are collected and
developed on a continuous basis within the
official statistical system in accordance with
established standards and methodologies
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2 The 2020 SDG Index scores

Rank Country Score SDG Index scores’

v' OECD countries, which have on average the highest SDG

1 Sweden 84.7 Index score, progressed moderately since 2015
2 Denmark 84.6 \/_ On average, progress since 2015 has t_)eer_\ faster in Iow—.and
middle-income countries compared with high-income countries
3 Finland 83.8 v' Ukraine ranks 47th in the global rating in terms of the
4 France 81.1 general SDG indicator but is only at position 73 for SDGs 8,
9, 12 and 17
5 Germany 80.8 v In terms of the SDG 9 achievement, Ukraine ranks 96th
6 Norway 80.8 r‘/atiﬁgG 12 has a specific rating. Ukraine ranked 91st in this
7 Austria 80.7 v In terms of SDG 17 achievement, Ukraine is at the 29th
8  CzechRepublic 80.6 position
10 Estonia 80.1 74.25 B TET NN TR
Trends
43 Greece 743 Pvesry e Sotieeme 4 leanon it 50 Suaton e 8 Eacoonm 3 Monmitienst
44  Luxembourg 743 P | | oo 7 | » 7 =
45 Uruguay 743 08 BT Qe BHE MER Bl BRSO

46  Ecuador 74.3 oo J ) P => = | =

@kralne ?41 Legend: 4 On track or maintaining SDG achievement 71 Moderately improving =» Stagnating < Decreasing

'Sustainable Development Report 2020. Rankings [77]
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3 Estimation of SDGs achievement progress

SDGs achievement in Ukraine: progress and challenges [79]

SIGNIFICANT PROGRESS:
CONSIDERABLE

A |

Goal has‘been achier

PROBABILITY or will be achieved
MIXED PROGRESS: Ly - =3 /
MEDIUM / MODERATE PROBABILITY - ~‘\‘ g’ - ’
\.A“;, : Ao
SMALL PROBABILITY "w E:: ;../..- lil
‘ 4l §

Goal will be achieved, Goal will be achieved,

o @ U e 10 25 : i if substantial efforts : if respective actions are taken
13'“' 4-» i are taken immediately
i Target might be met, subject :

Goal mlght not to the availability of sufficient '
be achieved i resources and the commitment

» Ukraine has introduced retail and full-scale electricity markets

» Due to better conditions for development of small and medium-sized business, a positive balance
of foreign trade in ICT services has grown 2.5 times

» Major obstacles to development still include thetemporary occupation of the AR of Crimea,
Sevastopol city and some part ofterritory in Donetsk and Luhansk oblast by the Russian Federation,
obsolete infrastructure, limited financing, ets.

» The lessons learnt as response to COVID-19 indicatethat Ukraine has to ensure: resumption
of a full production cycle of somegoods (chemical, pharmaceutical industries), digitalization
ofadministration processes, ets

22 ntudp.com Dr. T. Kuvaieva // 24.12.2020
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4 Ukraine: vision of transformative pathways for the next

decade

Economic dimension:

v strengthening partnership between
government andbusiness in
development of science and
introduction of innovations

v’ updatingpriorities of research and
innovative activities for the SDGs
v adopting thecircular economy
basics (principles)

v implementing infrastructural
projects

v’ increasing the processing degree
and productivity in the agro-
industrial complex

v undertaking structural shifts in
economy and industry by means of
diversification, digitalization and
efficient resource management
v'and creating new decent jobs on
that basis

Environmental dimension:

v' actions include amending the
environmental policy

v developing the waste
management system to meet
European standards

v' terminating unsustainable use of
land, forest and water resources

Social dimension:

v’ consistent actions within the
framework of the reforms undertaken by
Ukraine (education, health care,
decentralization) are to improve people’s
living standards and reduce all forms of
inequality

v' the top-priority task is to reduce multi-
dimensional poverty, increase average
life expectancy, and provide quality
education as a foundation of human
capital and a pledge of sustainable
development

\

Effective management:

v'actions will be aimed at affirming the rule of law, resetting management
as a result of the creation of a transparent and fair system of social lifts,

improving the efficiency of public authorities and local governments

ntudp.com

Dr. T. Kuvaieva /] 24.12.2020

23



Winter School “Sustainability in the Industrial Sector”

Cottbus, Germany — Dnipro, Ukraine

5 Progress towards achievement of SDG12

12 Foroa SDG 12 covers three key areas:
UELEIE - reducing resource intensity of
the economy and ensuring

: : environmental safety

n general, out of 6 indicators measuring progress in
achievement of the national Goal 12, positive dynamics is
present in three, with the 2020 target value for one of them
already achieved, and for another one achievement of the
2020 target value is quite realistic’ [79]

Municipal solid waste (kg/capita/day) 14 2016 ¢
Electronic waste (kg/capita) 6.5 2016 @
Production-based SO; emissions (kg/capita) 32.3 2012
SO; emissions embodied in imports (kg/capita) 292012 @
Production-based nitrogen emissions (kg/capita) 23.5 2010
Nitrogen emissions embodied in imports (kg/capita) 1.6 2010 @

Balance in achieving all Sustainable Development Goals and Goal 12

100 :
g Serbia  UKIaine
- 90 \ //_ China
= 80 v Czech Republic
g 70 o @ Croatia [
E : \ ® Bulgaria )
S8 60 . Estomia - France
S -2 Romania o L] /_
=

S 2 50 Russian Federation ® Italy = Japan
= e
Z E . e \_
g & 40 ° United St_ates of Germany
L 30 America
:p:’. United Kingdom
ol 20
b
@]
A 10
7

0

70 72 74 76 78 80 82 84
All SDGs
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6 Short-term impacts of Covid 19 on the SDGs

Many countries provided details on the potential impact of COVID-19 on the SDGs, noting [8]:

=

» Pandemic set back SDG progress and is undermining
ongoing implementation efforts

» Pandemic adding new challenges to the implementation of
the 2030 Agenda

» Adverse impacts on specific dimensions of sustainable
development or sectors—economic, environmental, on
business and small and medium enterprises (SME), social
dimension and vulnerable groups

» Relevance of the principle of LNOB, impact on poverty and
effect on children

Ukraine: Access to an adequate standard of social protection

How has the personal mobility of persons with disabilities been affected since the start of the quarantine?

Unable to access essential services due to P
disruptions to personal mobility

Specialised transport for persons with disabiities is no [
longer available

Unable to use taxi services due to high fares and lack I
of accessibility

Unable to access assistive devices [
(wheelchairs, canes, hearing aids, ICT devices, etc.)

No problems (or problems were solved)

0
responses

Other (including no public transpart/not
accessible in general)

5 0 20 25

Some countries, including Ukraine, received new
opportunities and valuable lessons from COVID-19:

Opportunities for digital transformation: e-governance
expansion, virtual platforms, upgrading information and
communication technology;

Improving national preparedness for disease
outbreaks;

Scale up localisation efforts
Calls for global solidarity in the wake of the pandemic

Which situations related to work and employment of persons with disabilities have you encountered since the start
of the quarantine?

Rising unemployment amang persons with disabilities 43|

Organisations employing persons with disabilities
suspended their activities in the absence of state support

Job cuts/salary decrease

Discriminatory dismissal of people with disabilities
Do not know
No change

Other negative impact

10 20 30 40 50

30

responses

ntudp.com Dr. T. Kuvaieva // 24.12.2020 25



Winter School “Sustainability in the Industrial Sector” Cottbus, Germany — Dnipro, Ukraine

Citation by reference, partial or full reproduction:

Kuvaieva T. Challenges faced by Ukrainian industry in accomplishing sustainability
goals. In: Sustainability in the industrial sector: Proceedings of the Study Seminar at
NTU Dnipro Polytechnic - BTU Cottbus-Senftenberg, 24th Dec. 2020 - 18th Jan.
2021. Ed.: Shvets V., Paliekhova L. Dnipro-Cottbus: Accent, 2021. PP. 19-26

Tetiana Kuvaieva

Kuvaieva.T.V@nmu.one

+38 0665574656

20

26 ntudp.com Dr. T. Kuvaieva /l 24.12.2020



Winter School “Sustainability in the Industrial Sector”
Cottbus, Germany — Dnipro, Ukraine

Sustainable Development Indicators

PhD st. Tetiana Arkhypenko

National Technical University Dnipro Polytechnic, Ukraine



Winter School “Sustainability in the Industrial Sector” Cottbus, Germany — Dnipro, Ukraine

1 Sustainable Development Indicators (SDIs)

Sustainable Development Indicators (SDIs) are calculated by The importance of indicators for sustainable
using the data on the state of economic, social and environmental development
changes that allow in the aggregate assess progress towards v

the goals and objectives of sustainable development [36]

Indicators are used to justify decisions made through
guantitative evaluation and simplification

The need for reliable and pertinent indicators to guide the v' Indicators help to interpret changes

sustainable development process was recognised at the v" The use of indicators allows you to identify

Rio Conference. It was reaffirmed in many sections of disadvantages in nature management

Agenda 21 the programme document, and was the central v Indicators allow easy access to information for different
theme of Chapter 40, which deals with information required categories of users

for decision-making v" Indicators facilitate the exchange of scientific and

‘40.4. Commonly used indicators such as the gross national
product (GNP) and measurements of individual resource or
pollution flows do not provide adequate indications of
sustainability. Methods for assessing interactions between
different sectoral environmental, demographic, social and
developmental parameters are not sufficiently developed or
applied. Indicators of sustainable development need to be
developed to provide solid bases for decision-making at all
levels and to contribute to a self-regulating sustainability of
integrated environment and development systems’

28 ntudp.com
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technical information

‘40.22. Countries and international organizations should
review and strengthen information systems and services
in sectors related to sustainable development, at the local,
provincial, national and international levels. Special
emphasis should be placed on the transformation of
existing information into forms more useful for decision-
making and on targeting information at different user
groups. Mechanisms should be strengthened or
established for transforming scientific and socio-economic
assessments into information suitable for both planning
and public information. Electronic and non-electronic
formats should be used’
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2 The concept of sustainable development indicators

An indicator is an observable variable used to report a non- Two main approaches
observable reality [7]: to measuring sustainability
v’ The sustainable development indicators must involve a focus
of the essential dimensions of the concept to be made operational scoreboard or Synthetic Index
v" If we examine the various lists of sustainable
development indicators, we can whittle them down to two
major reference _ o
classes: detailed program of indicators and integral index Detailed program of indicators Integral index

v" The 'index' designates a synthetic indicator constructed by
aggregating other so-called 'basic" indicators. Most of on subject of assessment

the sustainable development indicators are in fact indices

v' There is also a classification according to the subject of / \
assessment: socio-natural sectors (or systems);
resources; people; standards. Out of the four perspectives

discussed above, only the norms-based one can be Socio-natural Resources ~ People  Standards

considered as complete, since it is as informative on sectors
development as on sustainability
v In practice, the various approaches intermingle detailed program of indicators
OECD - Organisation for CSD - United Nations
Economic Co-operation Commission on
and Development Sustainable Development

ntudp.com PhD st. T. Arkhypenko // 24.12.2020 29
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3 Indicators themes for sustainable development

Each of system indicators reflects separate Three-dimensional aspects of
aspects of sustainable development [7] sustainable manufacturing (OECD)"

[ Sustainable development ]

1~
(evwonmen ] (oo ]

Performance Resllience ‘

I N

GDP Productivity Diversity: Innovation:
growth rate growth rate Entropyindex | [R&D expenditure]

Combating bribery
& corruption

infrastructures

o g K

Contributing to
local economy

IE

innovation

CDS indicator themes [37]

« Poverty « Natural hazards + Economic

+ Governance + Atmosphere development

« Health . Land « Global economic
« Education « Oceans, seas and coasts partnership

« Demographics + Freshwater + Consumption and

. Biodiversity pl’OdUCtIOI"I patterns

1http://www.oecd.org/innovation/green/toolkit/48704993.pdf
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4 OECD Sustainable Manufacturing Indicators

For the industrial sphere, the following

4 types of indicator systems can be
distinguished [59]:

Economic sustainability indicators
(EcSls) are used to assess the level of
compliance of economic policy with the
principles of sustainable development
Social Indicators of Development (SID) are
used to judge a country's global status in the
main dimensions of social development,
including ensuring a decent standard of living
and work, the right to a healthy environment,
human development opportunities
Environmental Sustainability Indicators
(ESIls) are used for monitoring the state of
individual elements of the environment
(water, land, atmosphere) and natural
resources, as well as their impact on socio-
economic parameters in the context of
sustainable development goals
Environmental Performance Indicators
(EPIs) examine environmental issues such
as pollution, biodiversity, climate, energy,
erosion, ecosystem services, environmental
education, and many others. These
indicators used to measure the effectiveness
of environmental policy, environmental
management, programs and actions on
environmental management and
environmental protection

Inputs

I1. Non-renewable
materials intensity

12. Restricted
substances intensity
I3. Recycled/reused
content

Operations Products

O1. Water intensity
0O2. Energy intensity

0O3. Renewable proportion |
of energy

0O4. Greenhouse gas
intensity

O5. Residuals intensity
O6. Air releases intensity

O7. Water releases
intensity

O8. Proportion of natural
land

P1. Recycled/reused
| content

P2. Recyclability
P3. Renewable materials
| content

P4. Non-renewable
| materials intensity

| P5. Restricted substances
content

| P6. Energy consumption
intensity

'P7. Greenhouse gas
emissions intensity

The OECD indicators have been developed to help measure the environmental
impact relating to the production activities of a single facility in business (e.qg. site,
factory, office) as a starting point for sustainable manufacturing

Indicators O1, O2 and O4 can be extended to measure the impact associated with
supply chain as well as the facility: namely, water and energy consumed and
greenhouse gas emissions caused during the production of inputs

ntudp.com
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1 Significance of the value chain concept for SD

Economic-Social

&

Social-Environmental
Emdronmentsl Justico

Hatural resource stewardship,
focally and glcbally

Environmental
Use of Natursl Resource
Pollution Prevertion
nvirormental Management

“Environmental-Economic
Enesgy Efficiency
Use of Natural Resources

Threespheres of

At least two key positions from the Brundtland Report—the priority of basic needs
and the idea of restrictions for the benefit of future generations—have formed the
ideological platform for a new concept of economic activity and consumption [59]

(1) Needs and human values

(2) Restrictions on the use of natural resources

Principle 8 of the Rio Declaration expressly recognised the obligation of States to

inability

reduce and eliminate unsustainable patterns of production and consumption as a

stermediate

Far

means to achieve sustainable development and a higher quality of life.

Nevertheless, to this day the full implementation of these principles remains a
challenge for all countries [56]

8 DECENT WORK AND

ECONOMICGROWTH 9 oo 1RER—,
. i & %)

J
\

The post-Soviet bloc still remain on the margins of progress towards ycTon4msbIx

sustainable production and consumption patterns, which also applies to participation
in global value chains

ntudp.com
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2 Value chains are socio-economic systems

v" A value chain is the sequence of related business Supply Chains 4= Value Chains
operations, from the provision of specific inputs for a

particular product to primary production, transformation,
marketing, up to the final sale of the product to consumers.
The term ‘value chain’ reflects the systemic nature of the
economy. It denotes a particular subsector or industry in
which different enterprises serve the same final consumer
markets [74]

v In commerce, supply chain is a system of organizations,
people, activities, information, and resources involved in
supplying a product or service to a consumer

v In contrast to a ‘supply chain’ which always refers to one
company only, the value chain is a concept describing the
organisation of an entire sector regarding a specific product, hcisaiec
with large numbers of enterprises (such as producers,
processors, traders and distributors) at every stage of the
chain [57]:

¢ Product and Operations Design

¢ Information exchange

e Extraction of raw materials, production of materials, etc.
e Supply and logistics

e Product manufacturing

e Sales and Marketing

wholesaler

TRANSFORMING
Turnieg croga nto food
ingredients (cleaning,
milling and preparing)

\U
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3 Differences between supply chains and value chains

Supply chain activities provide the process of transformation The OECD report shows that the sales volume does not match
of natural resources, raw materials, and components into a the value created [39]

finished product that is delivered to the end customer. i !

Value chain is a pattern of interaction between the actors < w i

to create an aggregate value (product), which  provide s

the process of transformation of natural resources, raw
materials, and components into a finished product for the
end customer [58]

Basic scheme visualising an agricultural value chain [74]

Functional sequence (Cha'n stages) s, [ Share of total exports based on total domestic value added in gross exports < Share of total exports based on gross exports

13
Provision 12 |
Trans- Commerce End
of specific Production 11
Inputs > >>'°"“°“°'>>T'°"° Product 0 M
<

Provide Grow Classify Transport _o
- equipment Harvest Process Distribute
-inputs Dry etc. Pack Sell

Categories of operators and their linkages

nput | ‘;;gg;g,s packers | [ rracers | |~ Market ﬂ ﬂmﬂﬂﬂﬁﬂf’lﬂﬁﬂﬁﬂﬂﬂmmmmmmw
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4 Estimation of SDGs achievement progress

The concept of global value chains has gradually transformed Value Model in Value Networks [69]:

into the concept of value networks, which allows for an

a_dequa_te tran3|t_|on from the ‘one-dlme_n_3|onal’ to ‘multi- Stakehelders: Stakehelder Valas

dimensional’ business models. Such transition does not only Understanding
encourage better economic performance but also extents the Value Ntilworks of Customer Customers
implementation of sustainable development principles [58]: Customer Valoe Business

> In general value networks are described by nodes (which

are representations of the actors or actions within the network) - £ |z ooz l
and the relationships between those nodes. The relationships e| BlEE|. 8|53 e | 8|8
. . . . . . 2| O [F2lg%[2o(= | 2 | € |£=| Creating Value
are seen in terms of either tangible or intangible benefits 8| g [e35|55(8|=2 | 2| E |32 P
= =2 |=a © @ g g‘ - ﬁ -—
between the nodes 53|35 EalfE|sE k] [T e
» There are also four common types of value network: kv

Clayton Christensen’s networks, Fjeldstad and Stabells
networks, Normann and Ramirex’ constellations and Verna
Allee’s networks. Each of these is a slightly different way of s

looking at value created in a network Value Nefworks of Enterprise Cillabecatin

> Christensen says: “The collection of upstream suppliers,
downstream channels to market, and ancillary providers that
support a common business model within an industry. When
would-be disruptors enter into existing value networks, they
must adapt their business models to conform to the value
network and therefore fail that disruption because they
become coopted”

alue Capability alue Transition
Creation Development Process I

Enterprise Value

Stakeholders: Stakeholder Value
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5 Responsible supply chain management

» Responsible supply chains meet standards deliberately, always

bearing in mind the unigue needs of each stakeholder and
sustainability’s fundamentally holistic nature

» Responsible supply chains must meet standards deliberately,
always bearing in mind the unique needs of each stakeholder and

sustainability’s fundamentally holistic nature

It is especially important to focus on high-risk suppliers, for

example from industries that to face particular challenges, or from
countries where national legislation and internationally recognised
principles for human rights and labour rights, the environment and

anti-corruption, are not fully respected

Create value in mining <=ss) Responsible Supply Chain

AGRICULTURE

Growing crops (planting,
tending and harvesting)

TRANSFORMING
Turning crops into food
ingred :nts (cleaning,
mill gand preparing)

CONVERTING* SHIPPING
Making products

Moving food to
from food ingredients stores (transporting
(mixing and cooking) and delivering)

PACKAGING**
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CONSUMING

Enjoying food
(making and eating)

Wheel of Mining Responsibility’ in the context of the
responsible supply chains [54]

—

_ Criteria of Responsipj,,

Environmental footprint Economic benefits
reduction

Environmental
~ Prevention « Stakeholders -
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rh;:l_m/;",} S Resp0n5|b.|llly Economy 3§ Financial
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6 Voluntary Sustainability Standards, VSS

VSS (also known as a 'non-government standards’, ‘private standards’, or ‘private initiatives’ for sustainable development) are
developed by non-governmental entities involving multiple stakeholders [55]:

» VSS establish the principles, norms, rules, practices and compliance mechanisms for economic relations in different functional
areas to be followed by product manufacturers, distributors and sellers along the value and supply chain

» VSS have various objectives, such as protecting social rights, ensuring a minimum price, conserving the environment, promoting
good agricultural practices, regulating supply or ensuring food security

_\‘
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» VSS form a comprehensive concept to embed sustainability in products and supply chains

A\

VSS are a foundation for development and adoption of an integrated value chain risk management strategy

» VSS facilitate the emergence of a 'conscious consumer', who demands more product information, and the globalization of supply
chains

» The implementation of certification requirements leads producers to improve management and monitoring systems, increase
productivity, implement good farming practices and improve resource management

» The better access to credit might be the result of the implementation VSS strategies due to an improved credit rating and
increased incomes

» Partners may enhance knowledge-sharing activities, allow for joint training and collaborative compliance with requirements (e.g.
building storage facilities or developing management systems)
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1 Supply chain definition

A supply chain is defined as the entire process of making and selling commercial
goods, including every stage from the supply of materials and the manufacture of
the goods through to their distribution and sale [12]:

v Inits simplest form a supply chain is the activities v Supply chains include various entities, such as raw material

required by the organisation to deliver goods or extractors, service and component suppliers, a material product

services to the consumer manufacturer or a producer of services, distributors, and end
customers

v In sophisticated supply chain systems, used v A supply chain can take on the form of a product based supply

products may re-enter the supply chain at any point chain or that of a service, where services come together to offer an

where residual value is recyclable.
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2 Supply chain management (SCM)

The genesis of supply chain management [10]

Activity Fragmentation to 1960

Demand Farecasting
Purchasing
Requirements Planning
Production Planning
Manufacturing Inventory
Warehousing

Material Handling
Packaging

Finished Goods Inventory
Dislribution Planning
Order Processing
Transportation
Customer Service
Stralegic Planning
Infarmation Services
Marketing/Sales

Finance

Activity Integration 1860 - 2000

Furchasing
and Materials
_\ Management
/ Physical
Distribution

Logistics

'/

2000+

Supply Chain
Management

v Supply chain management is the management of the flow

v

of goods and services and includes all processes that
transform raw materials into final products. It involves the
active streamlining of a business's supply-side activities to
maximize customer value and gain a competitive
advantage in the marketplace

SCM represents an effort by suppliers to develop and
implement supply chains that are as efficient and
economical as possible. Supply chains cover everything
from production to product development to the information
systems needed to direct these undertakings

SCM can be viewed in terms of processes, such as the
gathering and processing of marketing data, distribution
and payment of invoices, processing and shipping of
materials, scheduling, fulfilment of orders, and so forth

Supply chains also run in reverse, starting with the
customer who sends back such items as components for
replacement or repair, returned goods for re-manufacture,
and obsolete goods for recycling or disposal. The reverse
chain, like the forward chain, also comprises information
flows and cash or credits
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3 Sustainable supply chain management (SSCM)

In the context of supply chain management, sustainable
supply chain management (SSCM) is a management
concept extending beyond a supply chain’s performance Sustainable materials,
metrics of cost, time, and flexibility. SSCM addresses the Supplier development program,

. . . Waste t.
management of the integration of economic and non- Ame MANagemen

economic issues in a supply chain [89]
Supply

Manufacturing
subsystem subsystem

Implementation of these practices includes:

v’ Limiting resource consumption, including the use of
material-saving and energy-saving technologies

v Using higher quality components, ensuring a longer
product life.

v' Optimizing packaging design: abiding by regulations
and utilizing end-of-life of packaging material

v' Replacing harmful materials with less harmful or
harmless materials

v" Eliminating toxic materials and reducing emissions

v' Cooperating with suppliers who follow the basic
guidelines for sustainable development

v Suspending cooperation with companies using
unethical practices

4

Distribution
subsystem

Reactive model:

- Waste, water, and air management,
- Energy consumption and emissions reduction,
- Procurement of non-hazardous and non-toxic materials,
- Product recovery,
- Supplier sustainability assessment.
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4 Shift from reactive SCM to cooperative SSCM

The most important improvements include [89]: ( Mission, Vision, Quality Pollcy )
» Development of a common mission, vision, and goals. Supply

chain management strategy is perceived as many mutually

harmonized elements and processes

» Sustainable procurement. The goal of sustainable procurement
extends its basic green purchasing to consider environmental
and social aspects of diversity, safety, human rights,
philanthropy, and local procurement

> Implementation of the requirements of the ISO 14001 standard.
The goal of this standard is to provide organizations co-creating
the supply chain with guidelines for the development of an
effective environmental management system

» Improvement of reverse logistics. The increased interest in
trends such as closed-loop systems and reverse logistics
involving products and materials

» Implementation of QMS standards. Quality management, on a
large scale, is important to improve key supply chain
management processes

» Lasting partnerships. The Dbasis for increasing the
competitiveness of the supply chain is wide-ranging integration
and cooperation

» Structural, technological and organizational preparation of

production. There is a constant need to improve production
technologies

Strateglc supply chain eallaberation )

Business responsibility,
Integration of cells In the supply chain,
Sustalnable purchaszing,
Implementation of QMS standards,
Design for remanufaciluring,
Common goals and vision.
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5 Assessment of supply chain elements

The core elements and their functional processes that relate
directly to suppliers, internal operations and customers are [50]:

v" Procurement

v Operations planning

v' Logistics

v" Tactical marketing and sales

Supply Chains
Support
Elements

Supply Chains IT

Supply Chains
Core Elements

Procurement

Tactical .
Supply Network Operations
Business Model marsltae';Lng& ¢> Planning
o
Y
Supply Chains Logistics

Finance & Legal

Tier 1 customers
and suppliers

The supply chain's traditional view has been developed to
sustainable supply chain perspective

Organizations that emphasize on the importance of
sustainability will benefit from improved performance

For assessment of sustainability in core elements,
consideration of the dimensions and aspects of
sustainability is essential
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6 The importance of sustainable logistics

Logistics is the management of the flow of goods, information and other
resources, including energy and people, between the point of origin and the
point of consumption in order to meet there requirements of consumers®

» A sustainable logistics system, which considers three main perspectives
and their criteria, addresses issues related to the economic,
environmental, and social factors that impact a company

» The first step in this system is to analyze the resource inputs and
outputs in order to gain a better understanding of what is needed to
create a sustainable logistics system

> In a sustainable logistics system, a company’s inputs and outputs are
evaluated based on five categories that impact sustainability: economic
resources, material resources, information resources, human resources,
and energy resources

» The next step is to study the logistics flows of a sustainable logistics
system to determine how they relate to the inputs and outputs of the
system

» These flows, which are important components of any
logistics system, indicate the point of origin and point of use
components and processes of a sustainable logistics system

*Wichaisri S., Sopadang A.(2014) Sustainable logistics system: A framework and case
study. URL: https://www.researchgate.net/publication/286711215
_Sustainable_logistics_system_A_framework_and_case_study

WBOUN,
00 o
Sugplier Company Customer

i

OuTBOUWN®
Inbound :
A Operations
Logistics
Activities related to the receipt, These include actions related
storage and distribution of to the conversion of raw

everything that goes into the materials into the final
manufacture of the product. product.

Outbound Marketing
Logistics and Sales

— —

The meaning of this type of
activity is that consumers can
buy a product and most
importantly - want to buy it
These include advertising,
product promotion in the
rmarket, the work of sales staff,
the choice of sales channel,
pricing policy.

This category includes activities
related to the collection, storage
and delivery of goods to
customers,
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1 Energy trilemma definition

The rapid growth in production caused significant increase in energy
consumption without any regard for the future. It became apparent that
traditional energy sources (mainly oil, gas and coal) are finite, while
there is a high level of dependency on fossil fuels [57]:

v" Growth in fossil fuel production and increase in coal consumption for
electricity generation, which are inherently risky, have led to major
technological accidents and environmental degradation

v" The further concern is a tremendous inequity in the distribution of
access to energy resources, and an unfair concentration of the
rights to use them as a source of income. Analysts estimated that
10.6% of the world’s population consume about 55% of oil and
40.3% of the total energy; about 80% of the population consume
21.9% of oil and 28.7% of energy

v Energy efficiency, which is an essential prerequisite for the success
of sustainability mission, requires reliable ways to properly assess
the energy sustainability of business sector and the country,
compare the energy sustainability with that of others, and to
measure progress towards achievement of the targets

WEC jointly with Oliver Wyman and the Global Risk Centre of its parent
Marsh & McLennan Companies have developed concept of ‘Energy
Trilemma’. This concept is based on three core dimensions—energy
security, energy equity, and environmental sustainability

50 ntudp.com Prof. V. Shvets & Dr. L. Paliekhova // 28.12.2020
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Security
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Trilemma
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Environmental Equity
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Y

Energy Security
» effective management of energy supply
> reliability of energy infrastructure
> ability to meet current and future energy demand
Energy Equity
» accessibility and affordability of energy supply
» fair prices and distribution
Environmental sustainability
» clean technologies and production
» reduction of the emissions greenhouse gases
» expansion of renewable energy
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2 Energy trilemma index in Ukraine and Germany

The objectives of energy efficiency and sustainable

development cannot be achieved only through efforts of
individual hightech companies, countries or regions. The
transition to energy efficient GVCs means the requirement
to find ways for significant reductions in greenhouse gas
emissions across the whole life cycle through application
of eco-efficiency principles, and substitution of traditional
materials with less energy-intensive materials [60]

v' The energy trilemma of Germany is excellently
balanced in comparison to countries with transitional
economies. Since many years its policy was aimed at
sustainability and focused on overall reduction in
primary energy use and CO2 emissions, and on
increasing electricity generation from renewable
sources. For example, already in 1991 Germany began
promoting renewable electricity using high feed-in
tariffs stipulated by the Federal Electricity

"World Energy Council (2020)

Trilemma Index in Ukraine and Germany, 2019*
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3 Energy security problems in Ukraine

The achievement of energy security requires the effective
management of energy supply, the reliability of energy infrastructure,
and the responsibility of energy companies operation to meet current
and future demand [61]:

Weakly diversified External energy
energy policy Energy vulnerability

Security
N

Increase in primary
energy consumption

Energy intensive
production

Ukraine faces all main problems typical for the majority of post-Soviet
countries, including monopolisation of energy services and weak
transparency of energy producers. Ukrainian experience clearly
demonstrates that while a more diversified national policy on energy
imports contributes to improving the country’s energy security;

its positive effects may be diluted by a relative increase in energy
consumption, especially in industry sector

World Energy Council (2020)

Primary Energy Resources in Ukraine, 20192
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4 Energy environmental problems in Ukraine

Environmental sustainability is supported through clean Emissions and age of major power plants [85]
technologies and cleaner production practices, reduction of
the emissions of pollutants and greenhouse gases, the

transition to renewable energy, the solution of the waste w50 fm CHERNOBYL®
problem and conservation of natural habitats [61]: oo e KYIV
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5 Energy equity problems in Ukraine

Energy equity provides the accessibility and affordability of the energy

supply to household and business consumers [61]:
An underlying tenet of sustainable energy is that such basic energy needs

should be affordably met.
2020 Enerqy Strateqy | Enerqy - European Commission
Weak
Monopolies in .
energy services UFITG PRIy @ Top five priorities of EU energy policy:
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/ qullty 1 Efficiency
~ towards energy 2 Int ted ket
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Disparities in the Increase in m sustainability J
energy supply of electricity prices _D(/ {\O} 3 Secure, safe and affordable
large enterprises ; i . :
8 oS foripopulation @& E(\@ supply for consumers
— Yin
: 4 Technological leadership

5 International partnerships
. G . 7 . 3 ??? What is our price ???
Industry electricity price (US cents per KWh)
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©

Energy Equity evaluates the accessibility and affordability of
energy within a country or region

©
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6 Electricity price statistics for household and non-household

Electricity price In Ukraine [70]: Electricity price statistics for household in Europe
v' Eurostat shows that Household electricity prices (Database — Eurostat, May 2019 [11])
in the EU highest in Denmark (EUR 0.3123 per kWh) Electricity ori
) EU 28- EUR 0.2112 per kWh ectricity prices for househgid consumers (2
and Germany (EUR 0.31 per kwWh) In Ukraine, the Germany - EUR 0.31 per kWh 500 kWh < annual consumption < 5 000 kWh,
electricity prices for household are more than two " ' tases includad) second semestar 2018
times lower "
v" With the launch of the new electricity market, =
Ukrenergo’s tariffs increased as it acquired new z
functions (for instance, serving as a commercial § 015 Ukraine- EUR 0,041 per kWh

metering and settlements administrator, while
compensating the guaranteed buyer for “green tariffs”

v Despite introducing bilateral contracts, Ukraine

0.1
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=
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governance, the Government of Ukraine has o o
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1 Ukraine energy profile

Paris Climate Agreement: Ukraine's 2050 Goals [59]

I

Directive 2009/28/EU “On the promotion of the use of energy from renewable sources”
obliged Ukraine to set out a national target for the total share of RES in final energy consumption at 11 % by 2020
l Reduction of anthropogenic greenhouse gas emissions’ In 2018, Ukraine’s total final consumption
- - (TFC; excludes transformation sector)

1000 - _ accounted to 51.5 Mtoe
900 870.40
=

] ¢ v'Industry is the largest final energy consumer
800 == 696.00 (19.1 Mtoe in 2018). The residential sector is
700 00 = second (16.7 Mtoe), with households being the

_ H . —_—— major users of natural gas (8.7 Mtoe in 2018)
600 = q 522.00 v . . :

46:. 70 L ¢ ¢ ==_ Engrgy |ntenIS|ty per (_BDP at purchasing power
500'“=— - ’\- T T = r parity (PPP) is very high: at 0.25 tons of oil
400— === ——p— 361,70 373,50 34520 37100 =_ = - equivalent (toe) per thousand2015 USD PPP, it is

- T 1:_ o= = = 261,00 the second-highest among EU4Energy countries,
CIUUEN — —_— : = : i — after Turkmenistan, and over twice the world
P —— T S — average (0.11 toe /1000 USD).

— = e = =3 = v" The share of coal in final consumption is very

— r— [— ] — = mmmn = _— small (12%) because most of the coal consumed
0 in the country is used to produce electricity and
1990 1995 2000 2005 2010 2012 hoat y P Y

2020 2030 2050
25%  40%  70%

'State Agency on Energy Efficiency and Energy Saving of Ukraine. URL: https://saee.gov.ua/en
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2 Ukrainian Energy Strategy up to 2035

In August 2017, the government adopted the new Energy Strategy of Ukraine (ESU) to 2035 [53]

STAGE 1 Reforming the energy sector (by 2020)

The implementation of the Third Energy Package will allow to create full markets for natural gas and electricity
according to EU energy laws. Also at this stage, it is planned to complete the institutional integration of Ukraine into
ENTSO-G, as well as ENTSO-E energy system

Key tasks:

1 increase of gas production

2 decrease of Gross Domestic Product energy intensity
3 further development of Renewable Energy Sources

— Inthe first stage, radical progress in the RES sector is expected to be achieved by increasing their share of
final consumption to 11% by pursuing a stable and predictable policy in the field of stimulating the development of
RES and attracting investment

STAGE 2 Optimization and innovative development of energy infrastructure (until 2025)

The second stage of the energy strategy will be focused on a new market environment and the actual integration of the
Unified Energy System (UES) of Ukraine with the European energy system.

Key tasks:

1 integration of the Ukrainian grid with the ENTSO-E continental Europe in the service mode

2 full integration into the European gas transmission system ENTSO-G, and further deepening cooperation
with Central European countries in order to increase the security of energy supply

3 implementation of investment projects within the National Emission Reduction Plan

4 creating local heating supply systems basing on the potential of local fuels, logistics, regional and national
energy infrastructures

5 improving the efficiency of the existing local heating systems

6 attracting private investment

ntudp.com Dr. N. Dreshpak & Dr. L. Paliekhova // 28.12.2020
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3 Key Performance Indicators due to Ukraine's Energy

STAGE 3. Ensuring sustainable development (until 2035)

The third stage is aimed at the innovative development of the energy sector, as well as the construction of a new
generation facilities. The selection of the generation type will depend on the expected prices for fuels and the intensity

of each generation type development, providing competitive conditions in energy markets

Key tasks:

1. increase in national gas production, including unconventional gas
2. adaptation of GTS capacities to the conditions of the European energy market
3. increase of RES in total supply of primary energy up to 25%

Strategy’s Benchmark Indicators [52]

Cottbus, Germany — Dnipro, Ukraine

A.Energy Efficiency 2015 2020 2025 2030 2035
Approaching

GDP energy intensity(t.o.e. 0,28 0,20 0,18 0,15 0,13
/'000$PPP 2005)

Losses share in electricitygrids (%) >12 10 9 8 <7,5
B. Expansion of the RES 2015 2020 2025 2030 2035
RES share in the Total Primary 4 8* 12 17 25
Energy Supply (%)

* RES share in the final energy consumption is estimated 11% of the total final energy consumption in 2020
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4 New electricity market in Ukraine

Since the July 1, 2019, to sign the contract of sale and A fair competitive system of pricing and energy supply
purchase of electricity (with the ‘feed-in’ or ‘green’ tariff),
it's necessary to follow the next bureaucratic procedures? Before new energy market After implementation

of the new energy market

"Energy market"

The only wholesale buyer. # Market operator. Ensures
that the "day-ahead" and
"intraday electricity"

v' About auctions shortly: they don't cancel
"feed-in" tariff; are mandatory only for

generations implemented after 01/01/2020 The tariffis requlated

with capacity of 5 MW for wind and 1 MW for by NKREKP. markets function.

sun, and those that do not have prepared

contracts signed by 12/31/19 b |
v' Quotas. As the cost of energy from RES is Oblenergo

bigger than cost of energy from traditional “Boiler” of electricity and . The distribution system

sources, the state government is ready to finance. Operation, maintenance operator only deals with wires

offset the difference by quotas. They will be and development of the and transformers, and for

determined once a year until December 1 system. electricity the consumer pays

(next year's plan) and will be distributed as . ) to supplier. -

follows: not less than 15% for the sun, not less Electricity supplier. ) }

than 15% for wind, not less than 15% for other Supply

types of RES ; A .

i o ) o Industrial consumers are served Suppliers buy energy and supply it to

v' Antitrust Restrictions: setting of annual limits by independent suppliers and the retail market: indust. and

for participating in "green" auctions for Oblenergo, and householders dlomest, consUmers (sre abls

. . .. v b . to choose the supplieron a
companies with a common beneficial owner only by power companies. conc. terms by themselves).
who have already received a 25% of annual -

quota this year.

2UNDP in Ukraine. URL: https://www.ua.undp.org/
content/ukraine/en/home/sustainable-development-goals.html
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5 Renewable energy problems in Ukraine

A revision of the Ukrainian legislation on renewable energy implies, in
particular, the implementation and enforcement of the RES Directive

2009/28/EC according to the provisions of the Decision D/2012/04/MC-EnC

of the Ministerial Council of the Energy Community on the implementation
of Directive 2009/28/EC and amending Article 20 of the Energy
Community Treaty. Accordingly, the new Energy Strategy of Ukraine until
2035 will ensure the completion of the reform of the energy sector of
Ukraine in order to integrate it with the energy sector of the EU [62]

Type of energy Problems

Solar

High cost of panels (lack of government loans); Selection of the
optimal location (large network losses); Land acquisition

Wind

High cost of turbines (long payback time); The need for environ
mental impact assessments; Land acquisition (the most
prospective Azov and Crimean coasts are located in the
conflict zone)

Hydro

The need to restore abandoned stations; Land acquisition for
hydraulic structures (dams); The need for environmental
impact assessments

Biomass

Insufficient number of agricultural bioenergy projects; biomass
(in the form of wood pallets) is used for utilities, which
contributes to the unfair consumption of forest resources
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RES facilities commissioned in 2019

RES BlO_Ck' NPP - nuclear power
HPS stations lant
% o plants
7% 1% TPP — thermal power
plants

HPS — hydroelectric
NPP  power plants
55%  RES-renewable
energy sources

TPP q
35% /

Some common problems in renewable energy use

_)

Imbalance of trade-offs for the inclusion in GVCs in
which all interested partners would be more inclined
to enter Ukrainian markets for services and
investments in the field of energy efficiency and RES

Lack of strictly state control over the targeted use of
land

The RES equipment market is experiencing an
excess of demand over supply

The problem of balancing electricity when using RES
remains in power systems

Weak development process of energy management
certification in industry
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6 New rules of the game for renewables in Ukraine

On 31 July 2020, the President of Ukraine has signed the long-awaited law of Ukraine No. 810
“On Amendments to Certain Laws of Ukraine related to Improvements of the Terms of
Support for Production of Electricity from Renewable Energy Sources” [45]

Political measures RES facilities commissioned in 2019

v' 25% — The Ukrainian government has committed to increase 3537 MW solar power stations

renewables from around 4 per cent of the energy mix today, to
25 per cent by 2035 3
v' 87% — During 2018, installed solar power capacity increased
by 646MWp (87 per cent) o
v/ USD 1.4 billion — Investment in renewables from international s 73 MW facilities that produce electricity from biogas
oraanisations (2009-2018) S

243 MW solar power stations (households)

637 MW wind power stations

15 MW hydroelectric power stations

Proposed sources of funds to repay the indebtedness
of the Guaranteed Buyer to RES producers

in the course of 2020 to 2021 Green metallurgical enterprises:

v’ State budget funds covering at least 20% of the Until 31 December 2029, metallurgical enterprises, which satisfy the
forecasted revenues of RES producers in the relevant eligibility criteria for being “green” metallurgical enterprises1 are
year expressly exempted from paying the TSO transmission tariff

v 35% of funds received by the TSO from cross-border component that covers the increase of the renewable energy share.

capacity allocation as of 1 July 2020.
v Proceeds from placement of five-year term domestic state The Law defines the green metallurgical enterprises as a legal entity
bonds engaged in steel production business in compliance with the norms
on direct emissions of carbon dioxide as a result of steel production
at the level of not more than 250 kilograms per ton of steel products
and exclusively by electric arc production method.
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7 The ‘green’ tariff in Ukraine

Restructuring of the FiT in Ukraine

On 21 July 2020, the Parliament passed the law “On Amendments
to Certain Laws of Ukraine on the Improvement of Support for the
Production of Electricity from Alternative Energy Sources” (the
“‘Law”). The Law is based on the Memorandum of Understanding
for the Resolution of Problematic Issues in the Renewable Energy
Industry of Ukraine dated 10 June 2020 [67]

Favourable Unfavourable
v Stabilization clause for RES v’ Strengthening liability for
producers /investors imbalances
v “Green” auctions to be launched v* Reduction of FiT rates
in 2021 without extension of the
v Strengthening liability for FiT validity period
imbalances
v Curtailment compensation
mechanism
v’ Certain measures are envisaged
to improve settlements with RES
producers going forward
v" GoUis instructed to develop law

on mechanisms for settlement
ofthe Guaranteed buyer’s
historical debt (approx. UAH 16
billion as of July 2020)

o SPP

Cottbus, Germany - Dnipro, Ukraine

Sale of electricity Sale of electricity
Producer of
"Green" ——* Quaranteed Market
electricity Payment by buyer Payment by

"Green" tariff market price

OPERATOR
operating
organization

Compensation for the difference between
market prices and "Green" tariffs

Installed capacity of renewable energy facilities operating at the
"green' tariffs, MW (01.01.2020)

6779

"
")é\% g
S
XQO}
= L 1426 4925
967 999 BT At
+32MBT *xabN,\ > s
I;é ! 531 43 - .
2014 2015 2016 2017 2019
@ SPP (householders) = WPP HPP = Biomass © Biogas
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8 Feed-in tariff restructuring: new rates

Key terms of the FiT mechanism restructuring
) Solar power plants

i Wind power plants

Total Small Medium Large Small Medium Large
capacity . lower than 1 MW — 75 MW lower than 600KV — 2 MW
1 MW up to 75 MW and higher 600 kW up to 2MW and higher
2015 Jul
15,69 14,41 14,41
2016 PJan
14,79 13,59 13,59
2017 Jan 5,82 |Nochange | 6,79 [Nochange | 9,41
2018 13,89 12,77 12,77
2019 _ _ ]
2020 Pan | T —
19,97 10,97 10,97 5,04 5,88
Nov — = = = --——r === - - -
7,88 4,50
2021 Pan 7,62
Apr—— - —. R N S | il I g N
19,61 4,35 4,35 4,94 5,78 8,82
2022 Pan S '"]' S
19,74 FiT rate, % reduction of AT 483
€ cents/kWh rate 5,67
023 Jan T T T
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1 Stages of wind energy development: 1st stage

Wind energy development counts thousands of years, that is, from the starting point of the very first
vertical-axis wind machines operating on the basis of drag forces, up until the current time, during which
wind turbines under development have reached the scale of tens of MW [42]:

1st stage - from antiquity to the end of the XIX century
Persian drum-type windmill with a vertical axis of rotation (2nd-1st century BC)
From the early times of wind power exploitation, humankind has encountered numerous types of wind machines and

Goat mill Dutch mill
1500-1700 1700 - 2000

Greek mill
4th century AD
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2 Stages of wind energy development: 2nd stage

2nd stage - XIX century - 80s of XX century [42]:
Further evolution and perfection of these systems was performed in the United States during the
nineteenth century, when over six million small machines were used for water pumping between
1850 and 1970 —
The first ‘large’ wind machine to generate electricity (a low-speed ;
and high-solidity wind turbine of 12 kW) was installed in Cleveland,
Ohio, in 1888, while during the late stages of World War I, the use
of 25 kW machines throughout Denmark was widespread
Further development of wind generators was inspired by the
design of airplane propellers and monoplane wings, while
subsequent efforts in Denmark, France, Germany, and the United
Kingdom during the period between 1935 and 1970 showed that o st : e e e
large-scale wind turbines could work Brash Installation Darya rotor Wind pump

1888-1908, Cleveland S.J. Savonius installations
2nd stage - XIX century - 80s of XX century D =12kw Finland, 1922 USA, 1935

Until this period, emphasis was mainly given to the development of horizontal-axis wind
machines operating on the top of adequately high towers and using a small number of
blades (normally two or three). In 1931, Georges Darrieus invented the vertical-axis
wind turbine, introducing a new power generation concept for wind machines

Country Events
Denmark From 1960 to 1980 installed more than 33 thousand units with a capacity of 5 to 25 kW
(total capacity of about 200 MW)
England 1950 Vorth Spotland Hydroelectrip Bogrd experimgntal instal]ation with a capacity of 1OQ kw o
1955 - f. Enfield Cable Company is a pilot plant with a capacity of 100 kW with pneumatic power transmission
France 1960 - Experimental installation with a capacity of 600 kV
Germany 1968 - Experimental installation with a capacity of 100 kV
1937 Installation with a capacity of 100 kW
USSR 1940 Project of installation with a capacity of 12 MW
1950-1960 - Installations from 3 to 11 kW. (about 9 thousand units)
USA 1940 Installation f. Smith-Putmann (D =53 m; m=16t; P = 1.25 MW)
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3 Stages of wind energy development: 3rd stage

Stage 3 - the end of the XX century - the beginning of the XXI century [42]:

One of the most important milestones of wind energy history
coincides with the US government involvement in wind
energy R&D after the oil crisis of 1973. Following this, in the
years between 1973 and 1986, the commercial wind turbine
market evolved from domestic and agricultural (1-25 kW) to
utility-interconnected wind farm applications (50—-600 kW).
After 1990, most market activity shifted to Europe, with the
last 20 years bringing wind energy to the front line of the
global scene, with major players from all world regions

During these past 20 years, the wind energy sector has met
tremendous growth, not only in terms of market share but also in
terms of technological developments, with the latest achievements
bringing about the era of offshore wind power generation. The
cumulative installed wind power is nowadays mainly concentrated
in the European Union, the United States, China, and India, while
what should also be noted is that there is a remarkable activity
recently recorded in offshore installations, with contemporary
machines now reaching or even exceeding 5 MW

Growth in size of wind turbines since 1980 and prospects

300 -] Rotor diametre (m)
280 - Rating (kw)

-

~250m

20000kW

240 150 m Future \
220 - 125 m ]0 000 kw wind turbines
E 200+ 5000 kw \ \
"cEn 180 + 100 m ‘ \\“ |
g 160 3000k \ /
g 1407 70m 1 ggorl ESa
T 120 \ /
100 - N
804 % X
60 17 m300 k P
40 475 kW
$E
05 % o » N ) o Future Futur
%Q’Q %qq ,\'QQ QQ A ’\9\ '\,Q’\’ uture ure

Source: adapted from EWEA, 2009.
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4 Ukraine in the development of wind energy

Energy from wind was being already used in Ukraine in the 19th century. In 1917, in the
territory of Ukraine there were about 30 000 windmills generating up to 200 000 kWh of
energy per year. The first phase of development of industrial wind in Ukraine rightfully dates
back to the Soviet period of the 1930s [86]:

1937-1941 - creation and operation of Balakliia wind farm: Rnom = 100 kW

Energy from wind was being already used in Ukraine in the 19th century. In 1917, in the territory
of Ukraine there were about 30 000 windmills generating up to 200 000 kWh of energy per year.
The first phase of development of industrial wind in Ukraine rightfully dates back to the Soviet
period of the 1930s. In 1931 in the USSR in Balaklava, with the electricity generated being fed
into a small grid that was supplied by a 20 MW steam power station

1940 - The project of the Yaltawind farm: Rpom = 12 MW

A horizontal-axis wind turbine similar to the ones we use today is built in Yalta. The wind turbine
has 100 kW of capacity, a 32-meter-high tower, and a 32% load factor (which is actually similar to
what today’s wind turbines get)

Foundation for support: D = 6.5 m
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5 Ukraine in the development of wind energy

The State Complex Program for Construction of Wind
Farms in Ukraine was introduced in February 1997.The
production of licensed wind turbines has been the main
path of the wind energy sector development in Ukraine.
Within the framework of the conversion programme,
enterprises of military—industrial background were
involved in manufacturing wind turbine components.
This campaign was launched under the motto “clean
energy instead of guns” [45]

By the end of 2010, within the framework of the Complex Program
701 of USW 56-100 (107.5 kW) wind turbines, produced under
license of American company Kenetech Windpower, and 20 of T600-
48 (600 kW) wind turbines by Belgian producer Turbowinds were
installed in Ukraine. As of 1 August 2011, the total installed capacity
of wind farms constructed under Program reached 87.5 MW. In 2010
the Complex Program was stopped. Today, we can clearly define
main reasons for Complex Program’s failure: miscalculations in the
financial model; incompatibility of USW 56-100 wind turbines with
Ukrainian wind conditions; poor quality of out-of-date turbines; and
unavailability of service and maintenance for the turbines

Powerful wind power plants made in Ukraine

USW 56-100 T-600-48

4
5
B

:

ABE-250 Tr-750 (1000) WTU 4,5
Uind-energo LTD together with VO Pivdenmash Design Bureau Concord Industrial «FVT-Ukraine »
"Southern"
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6 Prospects for wind power stations in Ukraine

Problems with limited reserves of conventional energy sources and
environmental pollutions force Ukrainian government to search for

Since 2011 all the new wind capacities in Ukraine have
been put online with private investments. Creation of

alternative energy sources. Adopted in Aprll 2009, the Law of Ukraine energy Supp|y o0 achieve a tru|y sustainable future based on
“On Amendments to the Law of Ukraine "On Electrical Power Industry” the unlimited, non-polluting and competitive renewable

as to Stimulation of Alternative Energy Sources Use” Ne1220-VI ("Green  technologies is a challenge not only for Ukraine, but the entire
Tariff Law”) created the necessary prerequisites for a transition to the international community

use of renewable energies and wind energy in particular [46]

The capacity of wind power equipment has
been installed in the regions of Ukraine, MBT

Zaporozhye region
Luhansk region
Donetsk region

Mykolaiv region
0,45
B 33,9
0,6
5,98

Odessa region
Kherson region

Kyiv region

Lviv region

497.,8

Ivano-Frankivsk rec

Ternopil region

Wind energy projects are registered for environmental
assessment as of 01.01.2020

Zaporozhye region
1854 118,8

120 Mykolaiv region

Odessa region
Kherson region
Kirovohrad region
Zhytomyr region

Lviv region
Transcarpathian region
Ivano-Frankivsk region

Donetsk region

Kyiv region
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1 Definition of sustainable energy

v Sustainable energy is energy produced and used in such a way
that it "meets the needs of the present without compromising the
ability of future generations to meet their own needs [42]

v" The lack of access to modern and sustainable energy is a major
cause of environmental degradation in vast areas of the developing
world, and a major impediment to sustainable development

v' Sustainable energy is similar to the concepts of green energy and
clean energy in its consideration of environmental impacts, however
formal definitions of sustainable energy also include economic and
social impacts

Energy Energy
Sustainable Energy = security availability
Environment Resource

protection

Intensi
of fossil
industrial

Alternative energy
for sustainable
development

rces for »
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The energy transition to meet the world's needs for
electricity, heating, cooling, and power for transport in a
sustainable way is widely considered to be one of the
greatest challenges facing humanity in the 21st century.
Production and consumption of energy emits over 70% of
the human-caused greenhouse gas emissions that cause
climate change

In general, renewable energy sources such as solar,
wind, and hydroelectric energy are widely considered to
be sustainable. Nuclear power is a low-carbon source
and has a safety record comparable to wind and solar,
but radioactive waste and the risk of major accidents are
disadvantages of this technology

The terms "sustainable energy" and "renewable energy"
are often used interchangeably. However, renewable
energy projects sometimes raise significant sustainability
concerns. Renewable energy technologies are essential
contributors to sustainable energy as they generally
contribute to world energy security, and reduce
dependence on fossil fuel resources thus mitigating
greenhouse gas emissions
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2 Safest and cleanest sources of energy

All energy sources have negative effects. But they differ
enormously in size: as we see, in all three aspects, fossil fuels
are the dirtiest and most dangerous, while modern renewable
energy sources are vastly safer and cleaner*

The safest and cleanest sources of energy
/ of global energy \

Death rate from accidents and air pollution Greenhouse gas emissions
Measured asdlea ths per terawatt-hour of energy production, Measured o of COx-equi i hour of electri
i L ejamwatt hour is theanual efectricity corsumption of 160 penalein the EU,

] 820 tonnes

L teraart hou isth 27000 peaple inthe EL, Coal
245¢eaths 1 25% r
X 1230-tines Figher Wi sokic O|| 273times higher Dien ucheat ene gy
184 deaths 31% L J720tonnes
\253 fimes higher than nuclear energy as 180 times highar than wind
LBdeatth 23% [ ] 490tennes
Biomass
78-230
asdeatrs ] 7% -

0.02deaths ‘ Hyd ropower D 34 tonnes
6%

0.D7dealh5" Nuclear |3tmmes
=70
2%

0.02 deaths‘ Sun |5 tonnes
1%

In the chart we see the death rates of each — given as the number
of deaths per terawatt-hour of energy. One terawatt-hour of energy
is about the same as the annual energy consumption of 27,000
citizens in the European Union. We see massive differences in the
death rates of modern renewables compared to fossil fuels

the lifecycle of the power plant.

Death rates from energy production per TWh QurWorld
Death rates are measured based on deaths from accidents and air pollution per terawatt-hour (TWh]
Brown [ ] 3272
coal
|
Coal | | Bk
Qil ] 13.43

Biomass D 263

Gas :] 282
Nuclear oo07
Wind o004
0.02
wer
Sun 0.02

*Life-cycle emissions from biomass vary significantly depending on fuel (e.g. crop resides vs. forestry) and the treatment of biogenic sources.
"The death rate for nuclear energy includes deaths from the Fukushima and Chernobyl disasters as well as the deaths from occupational accidents (largely mining and milling).

Energy shares refer to 201% and are shown in primary energy substitution equivalents to correct for inefficiencies of fossil fuel combustion. Traditional biomass is taken into account,

Nuclear energy, as you can see, results in 99.8% fewer deaths than brown coal; 99.7% fewer
than coal; 99.6% fewer than oil; and 97.5% fewer than gas. Wind and solar are more safe yet

"What are the safest and cleanest sources of energy?
URL: https://ourworldindata.org/safest-sources-of-energy
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3 Wind energy generation in Ukraine

Renewable wind energy capacities in Ukraine (MWp)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 | 2020

Wind a7 151 184 334 | 426/651.8 426 438 465 533 1,170 | 1,207
Solar 3 191 326 616 | 411/818,9 432 531 742 1,388 4925 | 5,576
households SPP - - - - 01 2 17 a1 157 553 | 618
Small hydropower
) T3 7a 80 a7 a0 a5 99 114 116
plants of Ukraine [uk]
Biomass ] 17 K 1] 35 39 39 a2 559 91
Biogas 0 7 14 17 20 34 46 703 86
Installed wind energy capacity, 2019 Share of electricity production from wind, Ukraine, 2019
60GW G ——
ermany 1%
sogw S
0,8%
60GW
o
30GW 0.6%
20GW 04%
France
10GW Italy 0,2%
Poland
0% —  _——_ _ Ukraine 0% . : ‘ ‘ ‘
1997 2000 2005 2010 2015 2019 1990 1995 2000 2005 2010 2015 2019
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4 The main issues associated with the manufacture of wind
turbines

Wind turbines work on a simple principle: wind turns the propeller - like blades

of a turbine around a rotor, which spins a generator, which creates electricity.
This then passes through a transformer, which steps up the voltage so it can be
transported on the National Grid or used by a local site [33]:

Rotor Blade

Macelle

Hub

Lowspeed Highspeed
5

haft Shaft

Rotor Hub

Gearbox

Tower

Ki

—4 1=
J]T:J! I Transformer

Brake

Brake

Generator

— =

e rotor blades - capture wind's energy
and convert it to rotational energy of shaft
e shaft - transfers rotational energy into
generator

e nacelle - casing that holds the gearbox
(increases speed of shaft between rotor
hub

and generator), generator {uses rotational
energy of shaft to generate electricity using
electromagnetism), electronic control
unit (monitors system, shuts down turbine
in case of malfunction and controls yaw
mechanism), yaw controller (moves rotor
to align with direction of wind) and brakes
(stop rotation of shaft in case of power
overload or system failure).

e tower - supports rotor and nacelle and
lifts entire setup to higher elevation where
blades can safely clear the ground

e electrical equipment - carries electricity
from generator down through tower and
controls many safety elements of turbine

ANRNEN

One of the goals of sustainable energy
development is to increase reliable, uninterrupted
and sufficient energy production to prepare for a
more sustainable economic recovery

Types of generators

v"asynchronous generators with short-circuited

rotor

synchronous generators with electromagnetic
excitation

asynchronous generators with phase rotor
doubly-fed induction generators

synchronous generators with magnetoelectric
excitation

v' special SG synchronous generators

Ensuring stable generation at variable
turbine speed
a) Variable-

Transformer Speed
doubly-fed
induction
generator
system
Power electronic b) Variable-
speed
generator

E@ A el z@ system

Transformer

Power electronic
cohverter
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1 Solar energy concept

Pursuant to the Law of Ukraine on Alternative Energy Sources, renewable
energy resources - renewable not fossil power sources, hamely energy
solar, wind, aero thermal, geothermal, hydrothermal, energy of waves and
inflows, hydraulic power, energy of biomass, gas from organic waste, gas
of sewer treatment plants, biogases [44]

v Solar power is energy from the sun that is converted into electricity,

heat, and chemical reactions

v In contrast to fossil fuels and greenhouse gases, solar energy can

cover all the future’s energy needs if yoked suitably with technology

v Solar energy is the cleanest and most abundant renewable energy

source available in Ukraine

Solar energy is one of the most affordable renewable energy sources [26]:

» Every hour, the Sun releases energy, N

Load

which is enough to cover the global 7 =

energy needs for an entire year

Over 96 percent of net new energy
generation capacity in 2021 will
come from solar and wind sources,

according to Deloitte

The global solar energy market is
expected to reach 422 billion U.S.
dollars in 2022, in comparison to 86
billion U.S. dollars in 2015

n-type silicon
Junction
p-type silicon

Electron
Flow

=~ .
Photons “ //\'\‘KE \iO /

from Sunlight “Hole™
Flow
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Solar radiation is converted to technology in two parts:
active or passive

v' Active solar technology increases the supply of
energy. Active solar technology practices photovoltaic to
transform sunlight into beneficial productions

v' Passive solar technology reduces the need for
substitute properties. Passive solar technology includes
choosing resources with advantageous thermal
channels, scheming spaces, and referencing the
location of a building to the sun

The practice of using solar energy

v' Solar thermal energy can be used to water heating,
space cooling, space heating, and other heating
processes. Evacuated tube collectors and glazed flat-
plates are used for domestic water heating

v' Solar ponds are saltwater bodies that are specially
designed to capture and collect solar energy, are used
in the chemical industry, food industry

v/ Solar ovens are made to concentrate sunlight by
gathering sun radiation from a wide plate to a central
point. A black vessel converts it into heat

v Solar energy and electricity. Solar energy is said to be
in a substantial excess supply of energy that can
surpass the entire world’s electrical energy needs



Winter School “Sustainability in the Industrial Sector” Cottbus, Germany - Dnipro, Ukraine

2 Solar energy potential

\ ‘-\ I Economic Market
{Technical) Potential Potential
Potential 4 / ‘

B Regional competition
with other energy

e’
POt L~ W Available vs. kel
M Energy content M Land-use required revenue W Policy implementation
of resource constraints for energy project and impacts
M System M Regulatory limits
performance
M Investor response

Theoretical (resource) potential is characterized by the amount of energy physically available, without
considering any constraints or a particular PV system

Practical (technical) potential is characterized by the annual average of PV power production, taking into
account the theoretical potential, real-world PV system performance, and configuration, as well as
topographic and land-use constraints

Economic potential. We assess the costs of PV power generation at the country level based on the
practical potential and the concept of LCOE

'Global Photovoltaic Power Potential by Country. World Bank, 2020 [27]
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3 Practical (technical) potential

A global solar energy potential
Global map shows practical solar energy
potential after excluding for physical,
environmental and other factors [27]:

v The potential for clean, carbon-free
electricity generation from solar

photovoltaic (PV) sources in most

countries dwarfs their current electricity
demand

v" Around 20% of the global population lives
in 70 countries boasting excellent conditions
for solar industry

v The difference in average practical
potential between countries with the highest
potential (e.g. Namibia) and the lowest (e.g.
Ireland) is slightly less than a factor of two

v The Economic Bank for Reconstruction
and Development estimates that Ukraine
has great renewable energy potential: the
technical potential for solar energy is
estimated at 50 TWh / year

Urkraine

European solar energy map

N - {._Lr_krain'e.

sum, period 1994-2010

200 m

<800 1000 1200 1400 1600 1800 2000 > KWWm® GHI Solar map © 2014 GeoModel Solar
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Top 15 solar PV countries in Europe, 2019

Country $ 2011 ¢ 2017 + 2018 ¢ | 2019 ¢
Germany 304.3 5120 | 5469 | 35004
Netherlands 71 1809 | 250.3| 4006
Belgium 1655 3384 3732 3855
Italy 2105 3250 | 3324 3457
Malta 274 2479 276.0| 3051
Greece 558 2422 | 2469 2605
Luxembourg 599 2150 22286| 2290
United Kingdom 16.2 193.9 197.0 2043
Czech 186.0 1929 | 193.0| 1972
Spain 91.3 109.86| 101.8| 198.7
Austria 207 1423 | 1624 1875
Denmark 3.0 158.3| 173.3| 185.0
France 43.5 1208 1414 1579
Bulgaria 177 144.8 146.9| 1521
Cyprus 12,5 1231 1309 | 1469
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4 The prospects for solar panels

Benefits of modern solar panels [9]: In almost all cases, the best solar panels are made with
premium monocrystalline solar cells. Monocrystalline cells
_ are made with a single crystal of silicon instead of many
v' Solar panels are noiseless silicon fragments melted together, as is the case with
v' There is a new type of batteries — Smart Flower polycrystalline cells. This means that the cells are more
efficient at converting sunlight to electricity, plus they have a
sleek black tint to them. However, it's important to keep in
v' Afew solar panels coupled with a charge controller for mind that premium solar panels with monocrystalline cells
DC lights and appliances generally come with a higher upfront price tag

v' Many solar panels couples with a solar inverter to offset

energy usage

v Solar panels coupled with off-grid inverter and battery for
total energy use

v" The modern panels don't pollute the environment

Basic strategies for using solar panels:

Solar Charge
Controller

oc

H\EI loads %AC

ot = Basic off-grid system using a MPPT
Battery solar charge controller with DC load
| contral plus an inverter for AC loads

ntudp.com Dr. L. Paliekhova & BSc. Y. Honcharenko // 28.12.2020 85



Winter School “Sustainability in the Industrial Sector” Cottbus, Germany — Dnipro, Ukraine

5 The offers from the leading manufacturers

Manufacturers / efficiency / temperature coefficient [9]

— SunPower 22,8% -0,29 - o
LG 20 O(;; Solar panel efficiency refers to how well solar panel can convert sunlight into
, REC Grou 21’7% 026 usable electricity
up ’ ' The temperature coefficient tells how well solar panels will perform in less-than-
— Panasonic 21,2% -0,26 ideal conditions
- C_SUN 21,2% Generally speaking, SunPower, LG, and Panasonic make the best solar panels
- J|r_1koSoIar in 2020 due to the high efficiencies, competitive pricing, and 25-year warranty
— Trina Solar offered by each brand
— REC Solar
LG solar panel efficiency: SunPower solar panels:
v" Neon 2 efficiency - up to 20.4% at 350W v' Maxeon IBC cells
v" Neon R efficiency - up to 21.7% at 375W
No grid lines
Neon 2 - 330_355W Neon R - 360_375W Maxeon cells use back-contact conductivity, eliminating

unsightly metal gridlines, and enabling them to absorb
more sunlight.

Solid metal backing

Metal adds massive strength to each cell, helping it resist
corrosion from the elements, while making the entire
panel more durable.

Thick connectors

Expanding and contracting from daily temperature
swings are no problem with our built-in strain relief and
thick, triple-redundant connectors.

While most manufacturers produce a range of both The latest generation panels from SunPower simply named the Maxeon 2 and
mono and polycrystalline panels, LG only Maxeon 3 use even more cells, in a new 104 cell format with 8 rows of 13
manufacture monocrystalline N-type cells which have generation 3 cells, to create the worlds most powerful residential solar panel at
greater efficiency and lower degradation compared to 400Wp. The full series Maxeon 3 panels ranges from 370 to 400W and will
more common lower cost poly or multi crystalline P- replace the X Series while the Maxeon 2 panels ranging from 340W to 360W
type cells will replace the E series
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6 Rooftop solar panels

An example of an energy efficient home
or zero consumption home [25]

I
[ =Dbc12BoneT

I ~AC 220 BONLT

consumers
—Controller

Germany saw a 25% increase in solar rooftop
installations in 2020 compared to 2019 and the
trend looks set to continue next year, the German
Solar Association (BSW) said [25]

In addition to greater climate awareness, the main
drivers behind the solar boom include a striving by
many consumers for more independence,
significantly lower solar technology prices,
improved subsidy conditions for the modernization
of heating systems, and a switch to electromobility

Cottbus, Germany - Dnipro, Ukraine

Germany’s solar boom set to continue in 2020-2021 [49]
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With solar power production climbing to unprecedented heights in Germany in
2020, calls are growing louder to better use the potential of the technology that
has seen costs falling substantially over the past years. Rooftop installations
have been singled out for warranting special attention since they mostly do not
compete over area with other forms of use and produce electricity right where it
is used, with home storages able to provide extra flexibility to users®

’Most German cities are wasting vast solar potential on their rooftops — analysis.
URL: https://www.cleanenergywire.org/news/most-german-cities-are-wasting-

vast-solar-potential-their-rooftops-analysis
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7 The solar energy development in the Europe, 2020

The largest solar power plant in Europe [81] The largest floating solar farm in Europe

March 19, 2019 February 2, 2020

In late 2019, the Spanish electrical company Iberdrola completed In 2019, France constructed the largest floating solar farm in the
the largest photovoltaic plant in Europe. Comprised of more than continent with 47,000 solar panel. The O'Mega plant, which covers
1.4 million solar panels, the Nuiez de Balboa plant has an 17 of the 50 hectares of an artificial lake in a former quarry, can
installed capacity of 500 megawatts and is expected to supply produce up to 17 megawatts. The solar farm can electrify around
energy to 250,000 people per year 5000 homes

= ﬁ‘!% = SRR : o { The Waldpolenz Solar Park is a 52-megawatt (MW) photovoltaic

power station built at a former military air base near Leipzig,
Eastern Germany [72]. Renewable energy is on track to set a new
record in Germany in 2020. From PV panels to solar storage and
solar collectors, rooftop installations grew 25% in Germany this
year as due to increasing consumer demand for greater energy
independence, lower solar tech prices, improved subsidy
conditions and the rising popularity of electric cars

88 ntudp.com Dr. L. Paliekhova & BSc. Y. Honcharenko // 28.12.2020



Winter School “Sustainability in the Industrial Sector” Cottbus, Germany - Dnipro, Ukraine

8 The largest solar power plant in Ukraine

6.182 MWp Solar PV Plant in Dnipropetrovsk Region, Nikopol [73] Plant’s connection point in existing grids

Nikopol solar power plant is a 246MW photovoltaic (PV) power facility 150/35/10 kV substation “Zhd”. The distance between
located in Dnipropetrovsk region of Ukraine. It is one of the biggest solar the Plant and the substation is some 1.5 km

power facilities in Ukraine and is the second solar project to be developed by Plant’s technical concept

DTEK Renewables (DTEK) in the country The Plant will be installed on fixed tilt, ground mounted

support structures, use 60-cell, monocrystalline
modules manufactured by Jinko Solar and 82 string
inverters from Huawei with a capacity of 60 kW each.
Five transformers 1.0 MVA each will collect the power
from the inverters

Project cost

The total capital expenditures for implementation
of the Project has been estimated at EUR 4.3

" million, hence the specific cost is 0.70 EUR/Wp

Project implementation milestones
*Plant’s start of construction: August 2020 «Plant’s

completion of construction: September 2020 +Plant’s
Ttem Parameter . .
- connection to grid: September 2020 <Plant’s
Installed capacity 6.182 MWp L= ,
Module Jinko  Solar Cheetah 60M  JKM320Ms0, commissioning: October 2020 -Plant’s start of
monocrystalline 60-cell modules 320 Wp each commercial operation: December 2020
Number of PV modules 19,320
Inverter type Huawei SUN 2000-60KTLMD
Number of inverters 82
Nominal AC output power 60 kWac, in total 4.920 kWac
Nominal power ratio 6.182/4.920=1.26
Transformer stations 1.0 MVA, 0.4/10 kv (PT5-1000-10/0.4 kV}
Number of transformers 5
Type of installation Fixed tilt structures (29° south-tilted)
Grid cennection paint 150/35/10 kV substation "Zhd”
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1lintroduction: challenges facing the Ukraine

» Achieving the targets requires not only large investments
(approximately € 30 billion according to the State Agency on Energy
Efficiency (SAEE)), but also the urgent implementation of technical
and regulatory balancing tools and simplification of new generation
access to Ukraine’s power grid — the balancing capacity deficit will
increase to 2 GW by 2025 [6]

» Unless immediate efforts are made to create the right conditions
for the participation of all categories of producers and prosumers in

balancing and improving the electricity quality market, Ukraine will
soon be included in the category “Other”

HPP & HPSPP: 8.18% "'\

25,000 4

— NPP: 40.1

20,000 -

TPP GC: 35.30% —

15,000
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—_—

J l\_ 5,000
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M Consumption 22,353
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The IPS of Ukraine is a system of nuclear, thermal,
hydroelectric and pumped storage power plants,
cogeneration plants, power plants using renewable sources
of energy (wind, solar and other), Ukrenergo’s trunk power
grids and power distribution networks (Oblenergo), unified
by the common electricity and heat generation,

transmission and distribution mode [51]
v" Ukraine has a deficient level of environmental taxation and

allows owners of TPP and NPP to receive extra profits due
to the deterioration of the environment

v" The situation in HPP includes high specific land costs,
additional losses for water treatment for consumption by
residents of coastal regions, loss of the recreational
potential of the Dnipro coast

Daily electricity generation / consumption schedule

|l§_ﬁl HPP & HPSPP 1,276k
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HPP—hydropower plants; BPP—bioenergy power plants;
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2 Performance indicators of IPS operation

Ukrainian renewable energy sector
going through accelerated development,

Performance indicators using different energy sources in Ukraine, 2020

J X Concentra- | Nuclear and
WPP
growing at least 1.5 times over the past vear 8PP spp ted solar thermal
year [27] Offshare Onshore energy energy
November 2019 — November 2020 el osts | 2017 27 46 16 25 56 6165
Installed capacity of the IPS of Ukraine (thousand $/kw) (1,1-5,0) (4,0-5,0) (1,5-1,9 (14-44) (40-7,0) e
52352.30 MW
SPP 6,01% — 9,31% 2017 | 0,07(0,05-0,16 014 0.06 0.09 0.23 0,05-0,12
HPP 9.21% — 8,85% EIFctricity; pr}tce o7, ) {0,10-0.23) (0,04-0,20) | (0.03-0,19) {0,20-0,27) '
HPSPP 2,81% — 2,74% cost price), 0,04 0,08
’ ’ cents/kwh 0,07 0,04 g n —_—
NPP 26,43% — 25,45% 2020 — 0,05-0,08) (0,02-0,10) (2'31290';3:}" (gﬁzzﬂ,lglr
Capacity of RE equipment
4282.10 MW Scheduled 2020 47 (4) 9 e
BPP 2,88% — 2,95% generation TWh
SPP 73,45% — 80,11% (miliontoe) | 2035 | 1801 - B
WPP 23,67% — 16,95% Investment 2020 14,5 9 el
volumes {billion $} | 2435 395 25 e
RES share in electricity generation and national targets  Typesof HPP—hydropower plants
o my SEMErAUONSwpp |11 BPP—bioenergy power plants
’ | PP SPP—solar power plants
20,0% - | 2.4 CPP—coal power plants
15.0% . cPP | 10 WPP—wind power plants
v om0 Lg% 1% NPP — nuclear power plants
10,0% g 33 S sl 7ol 108 8% PP 19
co 56 F [ I ﬂ%!
' 1% mf mg‘ 15% 2 I spe O 37
o000 —mill_ ml mll nd NON RE 3
2014 2015 2016 2017 2018 2019 2025 2030 2035 BPF L J 543
m RES share m Res share +large hydro m National action plan till 2020 m Energy strategy till 2035
HPPF [ J 900
Unit costs of land,
0 200 400 600 800 1000  kmsq. / TWh / year
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3 Practical (technical) potential

Cottbus, Germany - Dnipro, Ukraine

Volatility of «Green» generation: key challenges

The inaccuracy of the existing forecasting system causes

Ukrenergo to attract additional ones balancing reserves [51] e
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The regulatory volume of reserves in the IPS (Intrusion
Prevention System) of Ukraine should be 650 MW.
The planned fluctuations in the generation of RES up to

T 234567 801011121314157017 1619202122524 1 23 4 56 7 910111213141516%718%9‘2021222324 h 450 MW should be taken into account when forming the
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4 Key issues of development RES in Ukraine

Key issues of development with RES at the level of 7,500 MW [51]:

Green-coal
paradox

Providing the limitation of nuclear
generation, the absence of
restrictions for RES and a significant
increase in the basic generation of
the generating companies of
thermal power stations, it will
increase the cost of electricity by
UAH 630.25 per 1 MWh compared
to the current price

' by 57.7%
Y

4500
<000

3500

2500
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400

Maneuvering capacities
and the development of RES

Inthe absence of restrictions for RES,
the reduction of the basic generation of
the generating companies of thermal
power stations and the introduction of
new maneuvering capacities by 2,500
MW, it will increase the cost of
electricity by UAH 532 per 1 MWh
compared tothe current price

The cost of electricity

t by 48.7%

Limitations of RES

If there are restrictions for RES, the
cost of electricity will increase by
UAH 1,084.31 per 1 MWh
(or by 99.2%4) compared to the
current price

I by 99.2%

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

- Maneuvering reserves of TPS, HPP
Bl Rapid reserve of TPS, HPP

New maneuvering capacities
| | Rechargeable batteries

Concept of GHG Emission-Fee Electricity Generation

Electricity generation at RES power plants

Y

Y
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Thermal )
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Nuclear power;
hydropower

Electricity generation technologies;

fuel cells;
hybrid technologies

highly maneuverable quick-start gas-fired power plants;

( Electricity and natural gas users

v Highly manoeuvrable gas generation with fast start
v Highly manoeuvrable pumped storage power plant

v' Systems based on electrical energy storage systems

for frequency maintenance and control
v' Consumer regulators based on thermal energy

storage technologies

v Systems that use solar and wind energy for

electrolysis production, and implement the concept of

"Power to Gas”
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1 The concept of sustainable management

Sustainability management is the practice of managing a firm’s impact Sustainable development management system
on the three bottom lines — people, planet, and profit — so that all three
can prosper in the future [59]

Energy Management

Sustainable managers drive sustainable business efforts at their

organizations: i )

v' Environment, Health, and Safety (EHS). In response to an i
increasing number of environmental and public concerns, SiRTeL Deeth
companies are putting EHS processes in place e Sustainabilty

v Energy Management can be done at multiple levels of Resortna
granularity (plant down to machine), providing the needed Carbon
data for reducing costs and environmental impacts Hanagement

v' Carbon Management. Similar to energy management, its &J J

processes are being used to improve business performance
and protect the environment across the value chain
v' Operational Risk Management (ORM). Providing visibility

Product Stewardship

into operations, ORM is being utilized to establish risk-related Sustainable management can take many forms including
business processes, manage change, monitoring risk investing in fair-trade products, reducing packaging
analytics, and leverage the effectiveness of Corrective and materials, and ensuring humane working conditions at
Preventive Actions (CAPA). supplier factories

v" Product Stewardship. Focused around creating
environmentally friendly manufacturing and industrial
processes and products, product stewardship is the concept
of taking a sustainability-based approach to the product X | Environmental | X
lifecycle and supply chain
v Sustainability Reporting. Many companies are now

managing sustainability reporting with same precision and
rigor as with financial reporting.

Management Innovation « Environment-friendly Department Sore « Customer
- Economic Impact - Environment-friendly Lifestyle - Employees
+ Economic Rewards - Earth Protection - Partner Companies

« Economic Value Creation - Practicing love for the Environment + Local Communicaty
along with Customers
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2 Sustainable management: German experience

The Initiative Blue Competence [80]

VDMA — BLUE,COMPETENCE? ' '
AllERceMemBer Business Sustainability Code of conduct
(1) Human rights and laws
Partner of the Engineering Industry (2) Discrimination

Sustainability Initiative (3)

(4)

©

=m 6
(Karcher [43] 7
(8)
9)

Zertifikat seit 2013
audit berufundfamilic

Child labor

Forced labor and punishment
Corruption

Freedom of self-determination
Decent work and pay

Health and safety
Environmental Protection

(1) Environmental responsibility

(2) Product responsibility

(3) Responsibility in supply chains

(4) Responsibility for the development of the organization
(5) Corporate social responsibility

(6) Responsibility for the company's employees

(7) Accountability to society for sustainable development
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3 Sustainable management: GEBHARDT Fordertechnik

The Gebhardt Intralogistics Group [5]
is one of the leading companies for intralogistics today Energy-efficient Anteiliger Energie-

verbrauch in
einem Automatiklager

Prozess zur p— Light-weight ____ S
IN Energie- construction
- verbrauchs-
@ reduktion
Analyse )
Dynamics
adjustment 47% Fordertechnik
Dokumentation. ."
und
MaBnahmen
Energy recovery
SR 35% Heizung/Liftung
Verbesserung | Smart software
4y
16% Beleuchtung
2% Rest

Continuous
improvement
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4 Tools for sustainable management: Adaptive management

v' Adaptive management, AM — also known as adaptive resource
management (ARM) or adaptive environmental assessment and
management (AEAM), is a structured, iterative process of robust
decision making in the face of uncertainty, with an aim to reducing
uncertainty over time via system monitoring [59]

v' Adaptive management is defined in ADS 201.6 as “an intentional
approach to making decisions and adjustments in response to new

information and changes in context”

v' Adaptive management is not about changing goals during
implementation, it is about changing the path being used to achieve
the goals in response to changes

v' Adaptive management — “learning by doing”

Adaptive management displayed as a cycle with double-loop
learning. A deliberative phase includes problem assessment,

iterative phase includes monitoring, evaluation of monitoring

design of the decision architecture, and implementation. An j
results, and adjustment of management strategy [59]

"Williams BK, Brown ED (2014) Adaptive management: From more talk to real action.
Environ Manag 53:465-479

Adaptive management scheme®

double loop
reformulating the decision
architecture based on technical
and institutional learning

Asses
problem

deliberative
phase

single loop
adjusting decisions
based on technical

iterative
phase
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1 Energy efficiency and energy saving in Ukrainian industry

Industry is the largest final energy consumer (19.1 Mtoe in 2018).

Energy intensity per GDP at purchasing power parity (PPP) is very high:

at 0.25 tons of oil equivalent (toe) per thousand2015 USD PPP, it is the
second-highest among EU4Energy countries, after Turkmenistan, and
over twice the world average (0.11 toe /1000 USD) [65]

The program of optimizing energy consumption systems in
Ukrainian industry

«—, Development of a series of national standards harmonized with
ﬂ international ones in the field of energy management and energy
efficiency (ISO50001)

? Conducting trainings for auditors of energy management system
a8

Preparation of the White Book on the implementation of Article 8

"Energy audits and energy management systems" of Directive

212012/27 | EU - together with the GIZ project "Reform in the field of
energy efficiency in Ukraine"

Technical support for the establishment of an energy efficiency
~ monitoring center for industry in the Agency

EﬂPreparation of a Green book on the promotion of industrial
=Zlenterprises to energy efficiency, in conjunction with the GIZ project
"Consulting of enterprises on energy efficiency"

WA

My

[@—ESupport of the Agency for the establishment of the Decarbonization
Fund and the implementation of the voluntary agreement system for

industrial enterprises

Green Energy Agency of Ukraine

(

v

104

Current functions A

Energy Certification of
Buildings

Technical regulations for
energy labeling and eco-
design

Energy Community,
IRENA, IEA

State expertise on energy
saving

Verification of fuel,
gualification cogeneration
plants
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Perspective functions

Fund for decarbonisation i
"Green" bonds :
Solid biofuel exchange

Energy waste disposal

Registers of biomass:
installations :
" Green" loans :
Green Investment Fund
UA :
"Green" hydrogen (H2)
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2 Review of Energy management Standard (ISO 50000)

Energy management system [41]

v" A management system is the way in which an organization
manages the interrelated parts of its business in order to
achieve its objectives

v" The objectives on management systems can relate to a
number of different topics, including product or service
quality, operational efficiency, environmental performance,
health and safety in the workplace and ets.

v The level of complexity of the management systems is
depend on each organization’s specific context

ISO management system standards (MSS) are the result of
consensus among international experts with expertise in global
management, leadership strategies, and efficient and effective
processes and practices. MSS standards can be implemented
by any organization, large or small

v I1SO standards set out requirements or guidance to help
organizations manage their policies and processes to
achieve specific objectives

v' MSS are designed to be applicable across all economic
sectors, various types and sizes of organizations and diverse
geographical, cultural and social conditions.

v' Many ISO MSS have the same structure and contain many
of the same terms & definitions and requirements

After the adoption of the DSTU ISO 50001:2014 standard
“Energy saving — Energy management systems —
Requirements with guidance for use (1ISO 50001:2011, IDT)”
eight standards from the ISO 50000 series were implemented
with the support of the Project:

(1) DSTU ISO 50002:2016 Energy audits — Requirements
with guidance for use

(2) DSTU ISO 50003:2016 Energy management systems —
Requirements for bodies providing audit and certification
of energy management systems

(3) DSTU ISO 50004:2016 Energy management systems —
Guidance for the implementation, maintenance and
improvement of an energy management system

(4) DSTU ISO 50006:2016 Energy management systems —
Measuring energy performance using energy baselines
(EnB) and energy performance indicators (EnPIl) —
General principles and guidance

(5) DSTU ISO 50015:2016 Energy management systems —
Measurement and verification of energy performance of
organizations — General principles and guidance

(6) DSTU ISO 50001: 2020 Energy management systems —
Requirement with guidance for use (this standard
replaces DSTU ISO 50001: 2014)

(7) DSTU ISO 50007: 2020 Energy services — Guidelines
for the assessment and improvement of the energy
service to users

(8) DSTU ISO 50047: 2020 Energy savings — Determination
of energy savings in organizations
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3 Ukrainian experience: UNIDO-GEF Project

Auniodal

Main purpose of the Project [84] GIF UA Green Investment Fund
Improving the energy efficiency of Ukraine's industry by
encouraging the widespread introduction of energy “A" Investors b S Subervisory Board
management systems in accordance with the requirements B Credit Investment p _ y
of the international standard ISO 50001 "Energy Baiihl b Fund b interaction %
" Iinstitutions . - .
Management Systems ——— GIF UA share in o Executive Committee
. . . "C" City, district and projects-30%
v" ISO 50000 series standards have been nationalized regional councils Recommendtion 0
. . . . . inance the projec
v" Increasing the national capacity for the implementation of GIF UA - -
o - | Technical office
Energy Management System M Credit —
. . . 0% 20% institution Providing existing project
v' Has been completed the launch of the Financial Mechanism of 20% aon / Investor documentation fo
the project in the form of a Revolving Guarantee Fund —Credit 0% Project owner / B e ST
Guarantee Fund ®initiator - (up o 70% of the cost)

Sun

PROJECT OWNER | - Investment projects

Funding is issued for: —_— (with developed
g INITIATOR Hydro feasibility study)

> Implementation and certification of energy who is ready to implement the o ey Investment projects
i project , but has insufficient funds = Liquidreel ) L
management system (according to ISO 50001) q 1 (without feasibility study)

» Implementation of measures to optimize energy

consumption

k‘-’; D Y UNITED NATIONS 5’ The customer applies to the Fund and chooses a project of interest
W 4% INDUSTRIAL DEVELOPMENT ORGANIZATION gef GLOBAL ENVIRONMENT FACILITY to him or offers his own
.'}ﬂ"?‘-‘—' INVESTING IN OUR PLANET

The application is processed by the Technical Office of GIF UA
Decisions on the form of financing and work with the project
GIF UA analyzes and offers a stake in the RES project

Institutions "A", "B", "C" fill the project with funding:
v Concluding the Agreement

v Londing and co-financing

v Implementation of the project

Banks provide loans to these projects

106 ntudp.com Dr. O. Churikanova & MSc. A. Tararin // 11.01.2021




Winter School “Sustainability in the Industrial Sector”

Cottbus, Germany — Dnipro, Ukraine

4 Companies that started implementation of EMS and ESO

—

Within the framework of the program for the development of D s y 5 Kypox Bopowex
the expert potential of Ukraine in the field of implementation of 5%* |~ TR e T T
the 1SO 50001 standard in industry during 2015-2019, more N8 /Eﬁo’i?;;
than 250 specialists — representatives of companies in various ) @ e} _’ ™ Wk D
fields of activity (industrial enterprises, certification bodies, S S "™ SN ™ Xommds  \_
educational institutions) were trained under different training AN ® as g 0l 006!% o R
programs ) O Py oo, ™
B o poycn- 9" yipanna O C
Enterprises that expressed their interest in EE, ESO, S @ KpomuEnATo oy ® e
EnMS; their employees participated in trainings, were & (o Bk »0 I 0 Tonel
consulted by the Project: L e "‘\M - Kpueoi ey S2ngyee X5
* Juice Plant Kodymskly P ﬂcfb!g\:\)nﬂaﬂlﬂ“‘?e Ay Mapugnon;POCToag
. Dneprometiz a _‘%’_'\‘UJ'NOBPOCa as! \“K"w:més“‘% ) 9 Bepasck
* Antonov State Enterprise ' N7 ypels (Chisindy o -]
« Naftogaz of Ukraine feel £ TG PR
+ UkrGasVydobuvannya e
» Ukrtatnafta
* Turboatom . 26 Certification bodies:
* Ferrexpo Poltava Mining
* Metinvest Holdin . . )
« Siltek — TerminaI%lM (Industrial and Construction Group Kovalska) (o 15 Companies have implemented EnMS
- Zaporizhstal with the support of the project:
* “Odessa Railways” — regional branch of “Ukrainian railways”
* Volyn-Cement . . )
- PepsiCo Ukraine 21 compames.stalted implementing
« Wimm-Bill-Dann Ukraine EnMS and ESO with the support of the
« Mekhanicheskiy Zavod Ltd project:
 Dneprovsky Integrated Iron & Steel Works 0
+ Askona Pivden 7 Companies have implemented EnMS &
* Obolon ISO 50001with the support of the project:
» Vetropack Gostomel Glass Factory
 Poltava Oil Extraction Plant — Kernel Group
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1 Challenges for Ukraine: energy efficiency and low carbon
future

«Decarbonization of Energy in Ukraine» makes the key section 4.1.1 Energy efficiency o _
of LEDS as the energy sector's share into total emissions of GHG Implementation of policies and measures which aim to increase
amounts to 65%, and if taken together with GHG generated by the efficiency In the_use of energy resources and energy saving
“Industrial processes sector,” the share totals at 82% [84] accompanied with enhanced quality in energy services and
According to Baseline (business as usual) scenario, which energy resources supply will enable to cumulatively reduce GHG
envisions that the characteristics for most of technologies that emissions over 2012-2050 by 3 677 million tons of CO2-
consumers of energy resources applied throughout all the stages eequivalent compared to Baseline scenario. According to
of goods and services production remain unchanged up to 2050, «Energy efficiency scenario, » in 2050 the share of GHG
projections of GHG emissions in «Energy» and «Industrial emissions will amount to 53% of 1990 level
processes» are the following:
2012* | 2015* | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050 Scenario Unit |2012*| 2015*| 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
Millian.
Emissions, million tons tons of
. i €0, 367 | 265 | 294 | 335 | 344 | 363 | 406 | 429 | 448
of COyequivalent 367 | 265 347 408 455 500 540 570 592 Scenario equialent
«Energy efficiency» %
Shareof 1990 level, % | 44 | 31 | 41 | 48 | 54 | 50 | 64 | 68 | 70 ovel Ba LN S R N RS L L
Milion,
tons of
. . L . Scenario o, 367 | 265 | 282 | 315 | 312 | 291 | 299 | 288 | 278
v' Being committed to achieving Paris «Energy efficiengy fecivlent
Agreement goals and being guided by and renewable energy» | o0 | 44 | 31 | 33 | 37 | 37 | 34 | 35 | 34 | 33
UKRAINE 2050 national priorities, Ukraine will ensure doing tevel
LOW EMISSION H H indi H Scenario %“J‘&?f
NT its beSt to achieve the indicative GHG «Energy efficiency, |, 0 367 | 265 | 265 | 361 | 244 | 242 | 274 | 284 | 285
emissions target of 31-34% by 2050, renewable encrgy, .
compare to 1990 level modemizzion” | g | aa | st [ w1 |31 | |20 | 32 | ne | s
e TR/ = v Ukraine is planning to review its strategy at Seanario o
LA Ve least every five years in order to measure its «Energy efficiency, | “C5” | 367 | 265 | 265 | 259 | 242 | 236 | 264 | 265 | 261
R . renewable energy, -equivalent
progress, and to increase the level of its modernization
it H H and innovation,
ambitions in accordance to national transformation of market | o190 | 44 | 31 | 31 | 31 | 20 | 28 | 31 | a1 | 31
circumstances and institutions» fevel
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2 Energy Efficiency Projects in Ukraine

» Energy Management System (EnMS) provides structured and
systematic approach for integration of energy efficiency concept
into enterprise management culture and day-to-day practices.
EnMS delivers:

() A framework for understanding significant energy uses

(i) Action plans for continuous improvement of energy use
performance, and

(i) Documentation to sustain and demonstrate energy
performance improvements over time

» EnMS establishes a proper linkage between energy
management business practices and core industrial values,
such as cost reduction, increased productivity, environmental
compliance, and competitiveness.

» Practical experience demonstrates that for companies that are
totally new to energy management concepts, average energy
efficiency gains through the adoption of EnMS in the first
several years in the range between 10 and 20% and with
minimal investment costs. The Initiative Blue Competence [35]

Examples of International Energy Efficiency Projects /
Funds in Ukraine

Project ‘Website URL

Ukraine Energy Efficiency Programme (UKEEP) | http://www.ukeep.org/en/

Energy efficiency in municipalities https://www.giz.de/en/worldwide/30658.html

Eastern Europe Energy Efficiency and
Environment Partnership (ESP) in Ukraine

http:/fukraine.eSp.ew/about-eSp/

IQ energy http://www.igenergy.org.ua‘en
The Nordic Environment Finance Corporation https:/fwww.nefco.org/
{(NEFCO)

UNIDO/GEF UKR IEE Project in Ukraine [65]

The UNIDO/GEF UKR IEE Project “Introduction of Energy
Management System Standard in Ukrainian Industry” (UKR
IEE Project)aims to assist the Government of Ukraine to
achieve a sustainable transformation of industrial energy
usage practices within the country. In order to do this, the
project is establishing and promoting the industrial Energy
Efficiency (IEE) concepts of Energy Management System
(EnMS) and Energy Systems Optimization (ESO), along with
the promotion and deployment of the ISO 50000 Energy
Management Standard Series

Project Donor: Global Environment Facility (GEF)

National Beneficiaries and Partners:
- Ministry of Economic Development, Trade, and Agriculture
of Ukraine
- State Agency on Energy Efficiency and Energy Saving
of Ukraine
- Resource Efficiency and Cleaner Production Center

The Project activities aim at substantial GHGs reduction
Project budget: 5,5 mio USD

Project lifetime: Operational activities started in 2015 and,
expected, to be realized until the end of 2021
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3 Policy of the UNIDO/GEF UKR IEE Project

Policy and Institutional Support [16]

Within the component Policy and Institutional Support for the
introduction of National EnMS Standards compatible with ISO
50000 series. Support of legislation adaptation and
transposition of EED 2012/27 the following measures are being
implemented:

1 Support for the reform in energy and energy efficiency
sectors

2 Support of legislation adaptation and transposition of EED
2012/27 in the form of the Law of Ukraine “On Energy
Efficiency”

3 Eight standards from the ISO 50000 series were
implemented

4 Seven energy efficiency standards were implemented

5 Accredited certification bodies

RN
Guipg

consulenten

gef

Il The United Nations Industrial Development Organization
(UNIDO) —is a specialized agency in the United Nations system.
The mission of UNIDO is to promote and accelerate inclusive and
sustainable industrial development (ISID) in Member States
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Financial mechanism characteristics

Loan Guarantee Fund (LGF)

Portfolio guarantee or bank deposit (cash) will be used as
a guarantee for a Financial Partner, covering the potential risks
and losses of loans. This will allow to introduce a nhew loan
product for the IEE market.

Guarantee size: up to USD 1.5million.

Guarantee coverage ratio: initially up to 100% of the loan
portfolio amount during the first Project cycle. Further, the
coverage ratio will depend on the level of financial risks

Step 4

UNIDO/GEF UKR IEE Project “Introduction of Energy Return to the PMU

Management System Standard in Ukrainian Industry®
Project

Step1
Guarantee {USD 1.5 mil}
Step5
Analysis.

<ase the praject’s progress

Compensation of % rate in
meets the target criteria [[

J Loan Guarantee Compensation

Fund Manager/ Financial Partner Fund Fund

J

Step2
Lending for Step3 Step3
EnMS-ESO-IEE Loan hody Loan% repayment
repayment
projects
Industrial companies participating in UNIDO as well as others capacity

building and advisory service programmes

v' The Loan Guarantee Fund (LGF)is a financial instrument
aimed to facilitate access to capital (loans) for industrial
enterprises, including small and medium-sized, via the
provision of loan guarantees for financial institutions to
mitigate the risk of non-repayment
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4 Companies that have implemented EnMS with the support of

the Project

Companies that were implementing EnMS with
support of the Project [65]

Enterprises where the Project carried out practical work on the
implementation of EnMS: representatives of these enterprises
participated in trainings and, in the formed groups of experts,
worked with data from enterprises to create ENMS in
accordance with 1ISO 50001:
» Coca-Cola Beverages Ukraine Limited
(Coca-Cola Hellenic Group)
» Zhytomyr Butter Plant — Company “Rud”
» TetraPak Ukraine
» Zhytomyr Cilica Plant
* Enzym
» HeidelbergCement Ukraine
* Lviv insulator company
* Vitmark Ukraine
» Zhdanivsnky Sugar Plant
(Agro-industrial holding “Astarta-Kyiv”)
» Kobelyatsky Sugar Plant
(Agro-industrial holding “Astarta-Kyiv”)
 Kyiv Cardboard and Paper Mill
* UKRORGSYNTEZ
» Ukrposhta
» Corum Druzhkovsky Machine-Building Plant
(“Corum Group”)
» Udacha

Companies that have implemented EnMS & ISO 50001 with
support of the project

Enterprises where the Project carried out practical work on the
implementation of EnMS: representatives of these enterprises
participated in trainings and, in the formed groups of experts,
worked with data from enterprises to create EnMS in accordance
with ISO 50001. These enterprises later have been certified
according to ISO 50001.:
« ArcelorMittal Kryvyi Rih — Certificate ISO 50001
* Novoorzhytsky sugar plant (Agro-industrial holding “Astarta-
Kyiv”) — Certificate ISO 50001
* Globinsky Sugar Plant (Agro-industrial holding “Astarta-Kyiv”) —
Certificate ISO 50001
* Globinsky processing plant (Agro-industrial holding “Astarta-
Kyiv”) — Certificate ISO 50001
* Globinsky bioenergy complex (Agro-industrial holding “Astarta-
Kyiv”) — Certificate ISO 50001
 Kharkiv Machine Building Plant “Svitlo Shakhtarya” (“Corum
Group”) — Certificate 1ISO 50001
* Yareskivsky Sugar Plant (Agro-industrial holding “Astarta-Kyiv”) —
Certificate ISO 50001

ASTARTA-KYIV

agri-industrial holding
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1 Ukrainian Government’s efforts in the energy sector reform

Energy Strategy of Ukraine to 2035 “Security, Energy Efficiency,
Competitiveness” was approved by the Cabinet of Ministers in Order
No. 605-p dated 18 August 2017 [17]

Action Plan was approved by the Cabinet of Ministers in Order No. 497-
p dated 06 June 2018

The reform will be performed by achieving five key strategic goals:

Goal | — to ensure the proper functioning of energy markets

Goal Il — to ensure continuous energy supply to consumers

Goal lll — to reform the coal industry

Goal IV — to improve energy efficiency

Goal V — to introduce an integrated approach to setting energy and
environmental policies

Priorities in government responses

v Energy efficiency

v Energy transparency
v' Renewable Energy
v Investment

v Access to Energy

In accordance with the decisions of the Energy Community made in
December 2009, September 2010, and in October 2011, the Contracting
Parties of the Energy Community (including Ukraine) are in the process
of implementation of the European Directives on energy efficiency:

1. Directive 2006/32/EC on energy end-use efficiency and energy
services

2. Directive 2010/31/EC on the energy performance of buildings

3. Directive 2010/30/EC on labelling of energy products
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The most energy-intensive industries in Ukraine are the
mining and metallurgical complex, chemical industry,
cement industry and mechanical engineering
Metallurgy

* Thus energy-intensity of production of the pig iron in the
Ukrainian industry is almost 33% higher than at the
leading global companies

Chemical industry

+ cost of natural gas accounts for 60% of the production
cost of ammonium nitrate, whereas in Europe this figure
is not more than 50%

* actual energy consumption at most local chemical plants
is higher than comparable figures for the leading state-
of-the art technologies in the production of:- ammonia —
by 1.4 — 1.8 times;- caustic soda — by 1.3 — 1.4 times;-
caustic ash — by 2.0 — 2.3 times;- methanol — by 2.0 —
2.3 times;- ethylene — by 2.8 — 3.0 times;- carbon black
— by 1.5-2.5times

Machine building industry

* the average annual gas consumption in the industry was
about 11.1 billion m3, electricity — 66.7 billion kWt/h, coal
— about 12.6 mil-lion ton.

* the share of renewable energy sources, as in other
sectors, is very small, while the potential is quite
extensive, only industrial waste, solar and geothermal
energy can be used effective
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2 Ukrainian government responses to energy challenges

Main vectors of energy efficiency policy which the
government of Ukraine is working on:

» Financing mechanisms

» Communication mechanisms

» Energy management at enterprises
» Institutional mechanisms

International projects to barriers of ISO 50001: 2011 implementation:

v" Ukraine - District Heating Energy Efficiency Project : Environmental
Assessment (Vol. 3) - with funding from the International Bank for
Reconstruction and Development in the amount of US$ 382.00 million
(Project ID P132741)

v UNIDO project Introduction of Energy Management System Standard
in Ukrainian Industry - with funding from Trust Fund GEF in the amount

of US$ 39.630 million (GEF Project ID 4784)

Problems State regulation measures
Financing mechanisms v" Implementation of rational rates for loan repayment terms in accordance
» Lack of working capital with energy saving indicators
» High rates of bank loans v' Compliance with foreign requirements to energy saving requirements
» Insufficient investment v' Dissemination of performance contracting in industry and the budgetary
system by improving the regulatory framework
v" Improvement of the work of the State Fund for Energy Saving
Communication mechanisms v' Creation of a single database
» Low consumer awareness v Creation of advisory centers on the economical use of energy and water
v Creation of a system of informing enterprise managers about the cost of
resources and the possibilities of their saving
Energy management at enterprises v Creation of conditions under which state and investment support occurs
» Prioritizing investment to improve profitability over under conditions of compliance with modern energy management
investment to improve energy efficiency requirements
» High regulatory process costs
» Lack or imperfection of energy management systems
v Creating strong institutional mechanisms at national, regional and local
Institutional mechanisms levels that are to support the implementation of ISO 50001: 2011 in all
» Energy management system does not meet market manufacturing plants
challenges v Creating strong institutional mechanisms to support energy labeling of
» Complexity of technical and technological regulation of equipment for energy efficiency
energy consumption
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1 What is a Circular Economy?

The circular economy is an alternative to a traditional linear The circular economy is a key pathway for sustainable
economy (make, use, dispose) in which we keep resources in use development. The EC states "This (circular economy) action plan
for as long as possible, extract the maximum value from them will be instrumental in reaching Sustainable Development Goals".
whilst in use, then recover and regenerate products and materials Specifically it shall contribute to lowering resource demands,

at the end of each service life [88] thereby increasing resource security and lowering pressures on

the environment domestically and abroad

As well as creating new opportunities for growth, a more circular
economy will:

reduce the waste of resources
drive greater resource productivity
deliver a more competitive national economy RECOVER
better address emerging resource security / scarcity issues

in the future RECYCLE
help reduce the environmental impacts of production and
consumption inside the country and abroad

YVVY

A\

REUSE

REDUCE

\ |
SV,

< REDUGEDMWASTE

120 ntudp.com Prof. Artem Bardas // 12.01.2021



Winter School “Sustainability in the Industrial Sector” Cottbus, Germany - Dnipro, Ukraine

2 Circular economy indicators in EU

There is no indicator that can be a single measurement for the This set of indicators examines the performance of EU
Circular Economy. However a number of existing indicators can Member States toward transforming their economies
help to measure performance in several areas that directly or toward circularity (macro level indicators).
indirectly contribute to the Circular Economy development. Material footprints quantify the demand for material extractions
They can be grouped into the following groups [20]: (biomass, metal ores, non-metallic minerals and fossil energy
) materials/carriers) triggered by consumption and investment by
> Sustainable resource management households, governments and businesses in the EU. Several
» Societal behavior indicators are provided by Eurostat to provide good insights on
> Business operations the EU’s material flow accounts™
Material Footprint: Domestic material consumption, Recycling rates in Europe by waste stream, 2019

tonnes per capita, 2015

30

N
&

8
B |

@
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ntudp.com Prof. Artem Bardas // 12.01.2021 121



Winter School “Sustainability in the Industrial Sector”

Cottbus, Germany — Dnipro, Ukraine

3 Problems of circular economy in Ukraine

» Most production systems in Ukraine are far from achieving circular economy principles.
Compared to many EU countries, sorting and recycling practices in Ukraine are significantly less
developed: 93% of household waste in Ukraine is being buried into the ground, only 5.6%
recycled and neglectable 1.4% incinerated

The amount of waste generated by all types of economic actvity per unit of GDP Purchase

Power Parity, kg per USD 1000

1500,0
1000,0 o— " o —e
500,0
0,0
2015 2016 2017 2018 2020
Circular economy indicators in Ukraine [13-14]
Indicators Units of measurement 2015 2020
Share of Renewable Energy Sources % of total energy consumption 4 8
Water Capacity of GDP Cubic meters of used water per 1000 UAH 3.6 3.2
GDP in actual prices
Energy Capacity of GDP Cost ratio of primary energy on unit of GDP 0.28 0.2
Wastewaters Discharge in Water Bodies % of total discharge 16.7 13
Buried Wastes Proportion % of total amount of generated wastes 50 45
Greenhouse Gas Emissions Compared to 1990 level, % 37.8 24
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4 Business models for circular economy

Circular business models operate in different parts of the value chain

Recycling
Remanufacturing
v N N N N
. = . : . End of i
Extraction Processing |Design |Manufacturing | Retail Use Life Disposal
% T V ryn’d %
Renewable or Industrial Sharing
bio-based inputs symbiosis
An economic activity can contribute substantially to the sustainability through ™ Headline business models for circular
transitioning to a circular economy in several ways [66]: economy:
» toincrease the durability, reparability, upgradability and reusability of products v' Circular supply models,
> to reduce the use of resources through the design and choice of materials, v" Resource recovery models
disassembly and deconstruction in the buildings and construction sector, in v Product life extension models
particular to reduce the use of building materials and promote the reuse of v Sharing models
building materials >-

> the developing ‘product-as-a-service’ business models and circular value 5 circular business model categories
chains, with the aim of keeping products, components and materials at their
highest utility and value for as long as possible

» the reduction in the content of hazardous substances in materials and products
throughout the life cycle, including by replacing them with safer alternatives

» the reducing food waste in the production, processing, manufacturing or
distribution of food

v Coordinating circular value chains
through data
v" Circular product design
v" Use, reuse, share, and repair
_J v’ Collection & reverse logistics
v' Sorting & preprocessing
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1 Key principles of circular economy

» The linear production model is understood as material flow in The circular economy tools and instruments [59]
which only virgin material enters in the beginning of value chain

» The linear production model incurs unnecessary resource RENEWABLES @ NTEMATERIALS
losses in several ways: production chain and end-of-life waste,
excessive energy use and erosion of ecosystems Regenerate Substitute materlals Virtualise Restore

Ranewaoles flow maragement Stock management

» The circular economy has been defined as an industrial
system that is restorative or regenerative by intention and
design

o

Parts manufacturer

ion!

. : . N Voo

Transition from linear to circular economy [47] B )/ e Procuct manufacturer o
Bloaphers. ' acycle

{2 } ! -

ta ke — Regeneration 1 Service provider .

recycle make ok T
‘ Cascades
Collection
remake use Extraction of

biochemical
feecistock’

3 A
poIIute % % " MINIMISE SYSTEMICLEAKAGE
/ AND NEGATIVE EXTERNALITIES

reuse

Circular supplies
Resource recovery
Product life extension
Re-sale platforms
Product as a service
Recycling in value chains
Energy saving

Key principles of circular economy

v' Preserve and enhance natural capital

v" Optimise resource yields

v' Foster system effectiveness by revealing and designing out
negative externalities

VVVVVVYY
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2 Technological transitioning to circular economy in
mechanical engineering sector

. )
Aerospace Acoustical Automotive Mechanical engineering sector
Engineering Engineering Engineering
/ (Heavy engineering
e . )
Cogrgroilnggfitnems - Cybernetics *Metallurgical engineering
L g g Meghanlpal ) *Mining engineering
p engineering — i Energy engineering
Heat Transfer Mechatronics
/ \ and Robotics | (Medium engineering
~ _ *Transport engineering
Marine Structur_al « Agricultural and tractor engineering
Engineering Analysis *Machine tool engineering
\* Equipment for light and food industry
Transitioning to circular economy [87] Precision engineering
*Instrument engineering
 Electrical engineering

Design and Digital technologies Recycling & less
manufacturing energy consumption
issues
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3 Recycling in mechanical engineering sector

Recycling is the collection, sorting and processing of disposed
materials for use in other manufacturing processes

v/ Brand owners can accelerate the process towards circular economy,
with new solutions for more easily recyclable products

v In terms of technology, efficiency, functionality and recyclability must
be compatible

v If there are regulations for recycling, there must be markets and
infrastructures for recycled materials

L]
e bug
@ E-waste
Recycling Machinery ]
Nuts and Bolts Designing Mechﬂnlﬁ;;nglge:;‘ﬂn
Manufacturing Consultancy

il Supply Chain
Manage

Instaliation ?

N . Prodiict Assembly’

CNC Machining Chemical Industry ! Service
Business Machines Deslgning’

Additive manufacturing

Additive manufacturing (AM), also known as 3D printing, is the general
term used to refer to technologies that, based on a 3D digital model,

build up parts by adding material layer by layer

Example — (machine tools

Benefits of implementation of AM in machine tools sector:

v lightweight design and enhanced durability and functionality of
components

v increasing material efficiency and recycling

v' enabling on-demand and distributed manufacturing

v’ reparability and remanufacturing becomes easier and more cost-
effective
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Example —(_ vehicle recycling

Evaluation of the efficiency of
vehicle recycling

Py =E-I.-K-Ug

where:

Pp - recycling efficiency indicator (0,1 - 1);

E - economic efficiency indicator of recycling;

I - indicator of environmental importance of recycling;
K -indicator of the relative volume of intended recycling;

Up - the level of reuse in the national economy of parts obtained
durina disassembly of vehicles for recvclina.

Digital technologies for circular economy

Digital twin is a virtual model of a process, product or service,
pairing virtual and physical worlds. This allows the analysis of
data and monitoring of systems to develop new solutions or
conduct predictive maintenance

Benefits of implementation of digital twin technology

v’ recognition of any behaviour deviations and influence on the
development of future products

v" reduction of the amount of testing and experiments of the
products — more new products on the market in a short period of
time; optimisation of products in advance, reduction of the
resources used

v"enabling of intelligent, machine-level decision-making at a
factory level
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4 Barriers to the introduction of a circular economy in the
mechanical engineering sector in Ukraine

Barriers in Ukraine
Opportunities for development / experience of other
countries
Using of outdated equipment and technologies
Replacing equipment with a more modern one, which will
allow the implementation of the basic principles of the
circular economy: reducing the amount of resources used,
recycling, etc.; advanced software for process optimisation;
digitalisation; 3D-printing
Internal barriers on the enterprise
Implementation of new organizational competences (e.g.,
team motivation, organizational culture, participation)
Market barriers
Measures within the policy and management of the
enterprise, providing an increase in the indicators in the
direction of production cooperation of industrial enterprises
Institutional, regulatory and social barriers
The state should stimulate enterprises to increase their level
of competitiveness and provide state-owned enterprises with
updated equipment and highly qualified personnel
Low investment attractiveness of Ukrainian machine-
building enterprises
Technological modification of production systems,
application of elements of the digital economy —
enterprises can become more attractive for investments
Lack of qualified personnel
Participation of enterprises in the system of specialized
education, advanced training and retraining of personnel

Obstacles for recycling

v used cars contain a number of harmful substances —
special recycling technologies are required

v impossibility of recycling of metals that are corroded,
rust

v the complexity of the design of some vehicles

v' transportation costs and others

Barriers in the areas of digital technologies:

- Inability to experiment quickly

- Failure to change out legacy systems for new
technology

- Inability to work together across for resources and
funding

- Inadequate collaboration between IT and lines of

business

Risk-aversive culture

Change management capabilities

Lack of a corporate vision for digital

Lack of high-quality training of employees of enterprises

Insufficient budget and difficulties in implementation in

small enterprises

Organisations need to ensure that teams are working
together in their attempt to transform, because digital
transformation does not exist in siloes — in just one location
or in one team. It is a single strategy that spans the full
breadth of an enterprise

Ll Ll
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1 National standards in the sphere of air pollution assessment

in industrial sector

Main National standards in the sphere of air pollution
assessment in industrial sector

v" National Law “About Atmospheric Air Protection™

v National sanitary regulations (DSP-201-97) of air pollution control
in populated areas (from chemical and biological pollution)?

v' Instruction for the design and content of the Project of maximum
permissible emissions of atmospheric pollutants from stationary
sources®

v' The standard technique of air pollution assessment from the
point source (Branch Normative Document OND-86)

v' and other documents

National sanitary regulations (DSP-201-97) of air pollution
control in populated areas (from chemical and biological
pollution)

* Main criteria of air quality for establishing permissible emissions:

C
MAC

<1, Where C - concentration of thespollutant in the ground
layer of the atmosphere, mg/m
MPC — maximum permissible concentration, mg/m
* In the case of several pollutants:
G + <, + ot G, <1
MAC, MAC, MAC,

3

Maximum Permissible Concentrations (thresholds) for main
pollutants in the air of industrial and urban territories

Alr pollutant Maximum Permissible Concentration (MPC), mg/im
Maximum Zingle Average daily Hazard
Concentration concentration Rate
{20 min)

Mercury Hg - 0,0003 1
Lead inorganic Fh 0,01 0,0003 1
Hydrogen sulphide HES 0,008 - 2
Nitrogen dioxide MO s 0,085 0,04 Z
Fhenol COHEOH 0,01 0,003 2
Formaldehyde CHED 0,035 0,002 2
Nitrogen oxide NO 0.4 0,06 3
Soot 0,15 0,05 3
Dust (with 20% SiDz} 05 0,15 3
Sulphur dioxide 302 0,6 0,05 3
Ammenia .r'-.'H3 0,2 0,04
Carbon oxide CcO 5 3

MPCl, MPCZ, MPCn — maximum permissible concentrations, mg/m

1https://zakon.rada.gov.ua/Iaws/show/2707-12#|fText
2https://zakon.rada.gov.ua/rada/show/v0201282-97#|fText
3https://zakon.rada.gov.ua/Iaws/show/20442-961fﬂext
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3
, Wwhere Cl, CZ, Cn — concentrations of several pollutants in the ground layer of atmosphere, mg/m
3
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2 Correction of the SPZ according to the Enterprise Hazard
Rate (EHR)

Correction of the SPZ according to the Enterprise Hazard Rate (EHR)

A Sanitary Protection Zone (SPZ) is an area that separates v" On the border of the SPZ of all air pollutants should
special designation zones, industrial enterprises and other achieve the values of Maximum  Permissible
industrial, public utility and storage facilities from nearby Concentrations

residential areas, buildings and facilities to reduce exposureto ¥ SPZ is established according to DSP 173-96 “State
adverse factors sanitary rules of planning and development of settlements”

_ f w 4 i — : Type of industries (enterprises) Enterprise Sanitary
- ' | 3 o~ Hazard Rate | Protection Zone
works = A J ‘ 1 y ' SRP (EHR) (Design value), m
* | @ % ) T Protein-vitamin producing plant 1(A) 3000
£ l‘“se : 'E.. ‘ - e ] Production of mineral fertilizers 1(B) 1000
= : Petroleum processing industries 1(B) 1000
: i Rolling-mill shop (metallurgy) II 500
Production of lead batteries 11 500
Plastic production 11 300
Galvanic works I 300
Mining enterprises 11 300

Production of construction materials v 100
Food industry, confectioner's shops v 50

etc

Iministrative ' 1 & ; Bread-baking plant v 50
building 4
i - g i v 20

Brewing industry

Values of dimensionless constant a
1

When developing standards for maximum permissible emissions (MPE), their

volume and content depends on the Enterprise Hazard Rate (EHR). This parameter Hazard Rate for certain pollutant
is calculated using the values of gross emissions for each atmospheric pollutant from Constant y > 3 P
the stationary sources of the enterprise by the formula:
& 1,7 1.3 1 0.9
n M. ¢ where: M — gross emission of certain air pollutant, t/year; Enterprise Calculated EHR Sanitary
1
EDH = Z —_ MPC  —average daily MPC for certain air pollutant, Hazard Rate values Protection Zone
i1\ MPC,, ity iy , o (EHR) (SPZ), m
mg/m ; n—number of air pollutant, a — dimensionless 1 =108 1000
I
coefficient that allows compare the level of toxicity of i- air 2 10%>EHR=104 500
pollutant with toxicity of SO 3 10*>EHR210° 300
2 4 <103 100
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3 Correction of the SPZ depending on epy average annual

recurrence of winds (windrose)

The corrected size of the SPZ (1, m) should be also amended
according to the windrose for selected region via formula:

Z _— ZO e , Where:
})O Io is the calculated SPZ size without the windrose;

P is annual recurrence of certain wind point, %
P, is average recurrence of each wind point

(P, =100/8=12.5%)

Wind N |NE|E|SE| S| S |W
direction W
Recurrence |12 14118 1141121101 10

TuC
IMu3

Tin3 IaC

Assessment of the spreading air pollutants from the point source

in the ground layer of atmosphere (OND-86 technique)

Necessary data for establishing permissible emissions The technique allows to calculate...

1. Sources of emission:
* Height and diameter of a chimney

3
* Gas velocity (m/s) and flow rate (m /s)
» Gas temperature etc.
2. Air pollution control equipment:
* Qualitative and quantitative characteristics of
emissions
e Flow-in and flow-out assessment
« Effectiveness of cleaning
3. Mapping of ground level concentrations
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arw

the maximum ground concentration Cm on the distance Xm from the

point source
the dangerous wind velocity Um and the distance Xm to the point with

the maximum ground concentration of air pollutant

ground concentrations along the axis of exhaust plume

ground concentrations perpendicular to the axis of exhaust plume
the maximum acceptable exhaust (MAE), required efficiency of clean
up, and chimney height for air pollution control
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4 Scheme of air pollutants spreading from the point source

———— .
— e

Step 1: Calculation of a maximum ground concentration C on the distance X from the point source

m m
C A-M-F -m-n /a e 1 f 1000 - W - D
— mg/m = . — = .
A ; 0,67+034-3[f +0]1-/f 7> - AT
H? -3V, -AT
where: Parameter f is calculated through equations:
A — coefficient of air temperature stratification that cigtergnlnes l(i?(’)ndltlons of if Vm > 2 then n=1
vertical and horizontal spreading of air pollutants, ¢ *m <rpag /r (for
subtropical zone of Central Asia — 240; for Kazakhstan, Lower Volga region, if Vm < 0,5 then n=3
Caucasus, Moldova, Siberia, Far East and other regions of Central Asia - 200; )
for North and Northern European regions of Russia, Ural and Ukraine — 160; for if Vm < 0,5 then n=3

Central regions of Russia — 120);
M — pollutant emission, g/s;

-9 _ , _ The coefficient Vm is defined as:
F — coefficient for settling pollutants, dimensionless, F=1 for gases; F=2...3 for

particulate matter depending on clean-up coefficient; - - A7
m and n are the coefficients conditioning outflow of emission from the point VM = 0,65 -3 L1 —
source; V'l
H — height of a chimney, m;
n — relief coefficient, dimensionless; and
AT — temperaturse difference, grad. C; 7T - Dz
vV, - flow rate, m /s V, =———-Ww,
4
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5 Example of calculations

For NO, (MPC = 0.085 mglm3) For NO2 (MPC = 0.085 mg/m3)

Maximum ground concentration C,,= 0.4 mg/m®on the Maximum ground concentration Cm= 0.4 mg/m3 on the
distance X,=480m distance Xm=480 m

C, mg/m?

008
0,075
007
0,065
006
0,055
005
0,045
004-
0035
003-
0025}
002/
0015}
o
0,005

1000 2000 3000 4000 5000 6000 7000 8000 9000 100 1000 2000 3000 4000 5000 8000 7000 8000 9000 10000
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6 Step 2: Calculation of the dangerous wind velocity U,, and
the distance X, to the point with the maximum ground
concentration of air pollutant

X —d-H, d=495V.-(1+028-3T) it v, <2
d=7-JvV, -(1+0.28-3/7) it v,>2.

If the coefficient F> 2 (for dust emissions) the value of X, is defined through the formula:

X—S_FdH
M4

The dangerous wind velocity Um depends on the V,, parameter and equal to:

U,=05 if V,<05; U.=V. if 05<V, <2 U, =V,-f+012:3/f) If V;>2

Distance Xm to the point with the maximum ground concentration Cm

Maximum ground
concentration C,,

\
*| Emission
:| source
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7 Step 3: Calculation of ground concentrations along the axis
of exhaust plume

C = S| - C , Where s7 is dimensionless coefficient defined as:
Mr
4 3 2
if X <1 s, =3- X _8- X +6- X - X is any point along the exhaust plume
X, ) X, X, X;

. X
if 1<[—j§8 s, — 113

X

: 013- [ XX j 41 Ground concentrations (Cl, Cm, C...CZ) along
i

the axis of exhaust plume

if [ X J >8 and F =1, theS, is defined as:
X‘l

X
X;
Sl = >
3,58-[ Xj —35,2-( X j+120
X; X

if (%}8 and F >2, theS, i defined as:
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8 Step 4: Calculation of ground concentrations
perpendicular to the axis of exhaust plume

C = S2 . C, where s; is dimensionless coefficient defined as:

T [1+84u(/)}[1+282u (/)}

u is a fixed value of wind velocity;
x is a fixed distance from the point source along the exhaust plume;

y is any point on the line perpendicular to the axis of exhaust plume.

Ground concentrations perpendlcular to the axis of exhaust pIume

Point
source
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9 Step 5: Calculation of the Maximum Permissible Emissions
(MPE), required efficiency of clean-up, and chimney height

Maximum permissible emissions (MPE), g/s:

MPC-H? -3V, -AT
A-F-m-n

MPE =

Required efficiency of clean up, %:

X, =100 MPE 100

The height of a chimney, m:

_ |A-M-F-m-n
MAC -3V, - AT

m
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Administrative mechanism for air pollution assessment and control

1 Inventory of air pollution sources with qualitative and quantitative analysis of

gas flows and mapping
2 Calculation of spreading air pollutants and mapping polluted areas

3 Elaboration of the Project of Maximum Permissible Emissions (MPE) as a
main normative document that regulates technological and allowable emission

rates

4 Approval of the Permission for Emission Rates (obtained from the Ministry of
Ecology and Natural Resources)

5 Obtaining Limits for emissions from stationary sources

Economic mechanism of emission limitation for typical enterprise

Polfutants Emissions, Exceeding limits Standard Pay for Pay for
tons per year rate of emission in exceedsd
payment limits limits
for emission Euro/yr Eurolyr
Approved Real tons % Euro/fton
limits emissions

Dust (with 20% SiO,) 56.280 61.570 5.29 94 28 157.6 741
Sulphur dioxide SO, 187.190 294.790 | 107.6 57.5 73.2 13702.3 39381.6
Carbon oxide CO 51.460 49.270 0 0 2.8 138.0 0
Nitrogen oxides NO, 28.930 20.050 0 0 73.2 14687.7 0
TOTAL: 323.86 425.68 112.9 15465.6 39455.7
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1 Horishni Plavni as a typical mining town in Ukraine

Key environmental problems in Ukraine [15]
— Air pollution by emissions from industrial

%

_)

v" The Horishni Plavni was built as the

Horishni

*Plavni v

D FERREXPO

residential and civic area for the Poltava Poltava Mining

Mining and Extraction Combinat - the most v* Ferrexpo plc is a Swiss-based
important iron ore-mining company in commodity trading and mining
Ukraine company which is the third largest
80% of the city residents are employed by exporter of iron ore pellets in the world
the mining industry. v' Ferrexpo's operating base is in central
There are two gigantic open pit mines and Ukraine, where it operates three iron-
several spoil tips on the city territory, to the ore mines and an iron ore pellet
north-east and south of the residential area production facility

Key environmental problems in the Horishni Plavni [32]

enterprises

Water pollution by emissions from
industrial enterprises

High energy and resource consumption
of production

Insufficient efficiency of sewage
treatment plants

Low level of ecological culture among
representatives of business and the
population

Low level of use of alternative energy
sources

Disposal and utilization of waste from
mining and other industries
Imperfection of the environmental

Strengths side

1) Water recourses

2) Iron recourses

3) Large reserves of granites,
migmatites, gneisses, quartzite,
marble, crystalline shale,
manifestations of non-ferrous metal
ores, semiprecious stones,
diabases, sands, loams, mineral
paints, clays, mineral waters

4) Sustainable Energy Development -
Action Plan

5) The city is surrounded by pine
forests

6) Active environmental education

Weak sides

1) Presence of environmentally
hazardous facilities

2) The presence of sources of man-
made seismicity

3) The presence of man-made dumps

4) Violation of the hydrological regime
of soil and
groundwater

5) Processes of destruction of river
banks

6) Air, water and land pollution

7) Large volumes of industrial and
household waste

8) Low level of energy efficiency and
energy consumption management
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2 Analysis of environmental trends in the Horishni Plavni

Dynamics of emissions of pollutants into the atmosphere Dynamics of return water discharge in Dnieper River,
in the Horishni Plavni, 2010-2015 [32] million m® [32]
4 . All pollution
40 | =
g 35 Industnal enterprices Mobile sources wastewater discharges Clean to applicable standard
2 98 30,0 ,
% 30 s — 211 o B 203 i
: c :
@ B g c - — - 193
< :
g 20 s 19 178 189 2 st —
15 112 108 12,7 12,9 12,9 12,8 12,2119 IS 10 g 9,7
10
5
’ 5 02 12 18 09 08
0
0 2010 2011 2012 2013 2014 2015
2010 2011 2012 2013 2014 2015
= Dust — NO» Dynamics of waste generation and utilization
SO: CO: || | -
2 7 Waste Recycled waste
8 " 5,8 55 » 80 450
2 : 49 £ 70 655 £8.9 e 673
5 40 5%
s * v 3.3 31 24 = % “
< 3 | 29 29 - 3,0 24 23 2,8 - - é :E 34,6
: 09 0.9 08 1,0 0
1 : : o7 10 4,63 8,32 7,61 4,42 334 4,62
0 0 [ [ —
2010 2011 2012 2013 2014 2015 2010 2011 2012 2013 2014 2015
The main sources of air pollution in the town of Horishni Plavni The total area of greenery in the city is 508.03 hectares
are mobile sources whose emissions account for 50-60% of (98.0 m2 per capita), including the area of green areas for
total gross pollutant emissions substances, and industrial public use 208.8 ha (40.3 m2 of greenery per capita)

enterprises (emissions are 40-50%)
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1 General characteristics of Ukraine

Occupying less than 6 per cent of the area of Europe, Forest cover of Ukraine’s Territory per
Ukraine possesses about 35 per cent of its biodiversity [22] Administrative Oblasts (2011)

v' Landscape of Ukraine
 Forest zone 10%
* Forest-steppe Zone - 30%
» Steppe Zone - 40%
» Mountains (Carpathian & Crimean) 20%

Chermilin reglon
29%  Sumyregion
78

Luhanskegion
4 mon

eaidn ™ Kiovograd reglon, Duipsopetrovsk Tegion
¥ 67 o Donetskregion
R L

» More than 40 per cent of the area of Ukraine was occupied in the past by pboraviomn -S89
step landscapes. At present they are about 3 per cent. 30 per cent of all et e liieiuwy O

species of flora and fauna, included in the Red Book of Ukraine, are = o
concentrated on these territories — oo e

* Agricultural development of the territory reached 72% and the level  Ploughing of Ukraine’s Territory per
of ploughing of the land area—56%. The highest stock of arable lands is Administrative Oblast

attributed to oblasts, which are located in forest-steppe and steppe
zones where ploughing reaching 80% and higher i ey
* An extensive development of agriculture caused a considerable
decrease of landscape diversity

» The nature and reserve fund of Ukraine consists of more than 7608
territories and sites with a total area of 3,2 million hectares (5,4 per cent of
the total area of the country); but its share is insufficient and remains
considerably smaller than in the most countries of Europe, where the areas
occupied by nature and reserve territories are, in average, 15 per cent

RO00OE
T
838488

Flora and fauna in Ukraine

v" Among the over 16,000 species of plants that are now found v' Biosphere of Ukraine counts more than 70 thousand
in Ukraine there are over 4,400 species of higher plants of species, of those flora—over 27 thousand, fauna —
v The nature and reserve fund of Ukraine consists of more than over 45 thousand of species
7608 territories and sites with a total area of 3,2 million v Ukraine is situated at the crossing of migration ways of
hectares (5,4 per cent of the total area of the country); but its many species of fauna
share is insufficient and remains considerably smaller than v' During the last years one could observe an increase
in the most countries of Europe, where the areas occupied by of number of species of plants and animals, which are
nature and reserve territories are, in average, 15 per cent included in the Red Book of Ukraine
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2 Biodiversity is essential for sustainable development

Lo » The changes in biodiversity due to human
| r _ ot activities were occurring more rapidly in the
terrestrial, marine, and other aquatic g | _ past 50 years than at any time in human history
. > In effect, we are currently responsible for the

ecosystems and the ecological complexes ™, cquctive witar o
of which they are part; this includes fisheries supplies resilience sixth major extinction event in the history of the
diversity within species, between species, s > Earth, and the greatest since the dinosaurs
and of ecosystems disappeared, 65 million years ago

» Biodiversity forms the foundation of the 7 » Biogeographic realms are large spatial regions
vast array of ecosystem services that Tofood security  Toecosystem  Tolocal Ivetinoods  Within which ecosystems share a broadly similar
critically contribute to human well-being and stability services and economies biological evolutionary history

» Ecosystems provide the basic necessities g 4 ~ » Biodiversity is at the center of many
of life (e.g., food, water and the very air we economic activities, particularly those related
breathe), offer protection from natural to crop and livestock agriculture, forestry,
disasters and disease (e.qg., by regulating —— and fisheries
climate, floods and pests), provide a = | > Globally, nearly half of the human
foundation for human cultures and population is directly dependent on natural
worldviews resources for its livelihood, and many of the

» Decisions humans make that influence most vulnerable people depend directly on
biodiversity affect the well-being of biodiversity to fulfil their daily subsistence needs

» Biodiversity is the variability among living
organisms from all sources, including

v Over half of global GDP depends on nature and the v The overall benefit/cost ratio of an effective global programme

services it provides, with three key economic sectors —  for the conservation of remaining wild nature worldwide is

industry, agriculture and construction — all highly estimated to be at least 100 to 1

dependent on it [82] v 15 of 24 Ecosystem services are in decline, including provision
v Biodiversity conservation has potential direct of fresh water, marine fishery production, the number and quality

economic benefits. For example, more than 75% of places of spiritual and religious value, the ability of the

of global food crop types rely on animal pollination atmosphere to cleanse itself of pollutants, natural hazard

regulation, pollination, and the capacity of agricultural
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3 Biodiversity and the 2030 Sustainable Development Goals

Biodiversity is the variability among living organisms from all
sources, including terrestrial, marine, and other aquatic ecosystems

and

the ecological complexes of which they are part; this includes

diversity within species, between species, and of ecosystems [4]:

v

Biodiversity forms the foundation of the vast array of
ecosystem services that critically contribute to human well-
being

Ecosystems provide the basic necessities of life (e.g.,
food, water and the very air we breathe), offer protection
from natural disasters and disease (e.g., by regulating
climate, floods and pests), provide a foundation for human
cultures and worldviews

Decisions humans make that influence biodiversity affect
the well-being of themselves and others

Studies show that areas with a high level of biodiversity
have richer natural resources and are also able to cope
more quickly with the effects of natural disasters

To improve management effectiveness, the following
elements should be strengthened:

» Management Planning: Management plans with biodiversity
conservation objectives, based on science, and adequate
conservation measures to meet these objectives

» Stakeholder engagement: Working across sectors and at all
levels in equitable and participatory processes, with
involvement of all interested parties, land users, inhabitants
and communities aiming to increase ownership of the
conservation goals

v Monitoring of biodiversity outcomes in the field: Regular,
systematic , standardised monitoring of habitat and species
condition to check the effectiveness of the measures; and to
stimulate and direct corrective action in case of insufficient
progress

v" Funding: Proper financial and other incentives must be
established so land and sea users have a benefit for treating
their land and sea in a way that delivers conservation
outcomes

v’ Capacity building and Communication: Managers need to
provide professional leadership and direction and to secure
and wisely use the resources needed

150
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4 Strategic Plan for Biodiversity 2011-2020 and Aichi Targets

The role of biodiversity protection for Sustainable Development Goals [4; 59]

>

‘Strategic Plan for e
Biodiversity 2011= =2020. .
~ andtheAichi Tardets

GOODHEALTH
AND WELL:BETNG

Without effective measures to conserve biodiversity and use its components in a
sustainable manner, the 2030 Agenda for Sustainable Development will not be
achievable

There are critical biodiversity dependencies for SDG 2: Zero Hunger, SDG 6: Clean
Water and Sanitation, SDG 7: Affordable and Clean Energy, SDG 11: Sustainable
Cities and Communities, SDG 12: Responsible Consumption and Production, SDG 13 e
14: Life below Water, SDG 15: Life on Land

» The Strategic Plan for Biodiversity 2011-2020 and its Aichi Biodiversity Targets adopted
under the Convention on Biological Diversity has been recognized as setting the global
framework for priority actions on biodiversity

%3 > The 2030 SDGs and the Strategic Plan are mutually supportive and reinforcing, and
therefore the implementation of one contributes to the achievement of the other

Awareness of biodiversity @ Biodiversity values
L increased — integrated Incentives reformed
“Living In Harmony with Nalure®* y ‘ ' _| | Habitat loss halved or M sustainable management

S { » | reduced e ) of aquatic living sources

&
Invasive alien species % | Ecosystems vulnerable to
prevented and controlled A climate change
. S ﬁ

4 § and consumption

2 sustainable agriculture, 1# ’

aquaculture and forestry Pollution reduced

Reducing risk of
extinction

Protected Areas

Safeguarding genetic
dlversity

Ecosystem restoration and
4§ Ecosystem services resilience

@ ) resources

Sustainable productiol

Access to and sharing
benefits from genetic
Biodiversity strategies and ? = Sharing information and Mobilizing resources
action plans 4 «7J Traditional knowledge \N knowlege from all sources
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5 The fourth ‘One Planet Summit for Biodiversity’ — 2021

Organized by France, in cooperation with the United Nations and the World Bank, the ‘One Planet —

Summit’ for biodiversity on 11 January 2021 aims to advance the protection of nature "" I Pom EigDiveRsiTY

The fourth ‘One Planet Summit’ was focus on biodiversity to 3 Finance for biodiversity

mobilize commitments to protect ecosystems and make links « The Summit laid the foundations for a coalition for

to human health convergence of climate and biodiversity finance, aimed

1 Protection of terrestrial and marine ecosystems: at building more synergies between climate action and

+ France and Costa Rica launched the “High Ambition biosphere conservation. Its members will work to
Coalition for Nature and People”, which aims to create the increase the share of their climate finance that also
conditions for the adoption of an ambitious nature protection benefits biodiversity. This principle was supported at the
target by the Conference of the Parties to the Convention One Planet Summit by Canada, France, Norway and the
on Biological Diversity at the end of the year. To date, these United Kingdom
efforts have brought 52 States behind the Coalition, * The Summit generated political momentum, particularly
committing to work for the protection of 30% of terrestrial from Canada, France and the United Kingdom, for the
and marine spaces by 2030 Taskforce on Nature-related Financial Disclosure

« Germany confirmed the launch of the Legacy Landscape (TNFD). This initiative, promoted by public and private
Fund, a new global public-private coalition aimed at stakeholders, including 50-odd leading financial
providing sustainable public and private finance to the most institutions, will develop a framework for measuring the
valuable protected areas in developing countries and risks, impacts and benefits of economic activities with
emerging economies. It was recently established by regard to biodiversity — like the TCFD for the climate.
Germany in collaboration with various partners, including 4 Protecting forests, species and human health
France, and will support long-lasting cooperation between * France launched the PREZODE (PREventing ZOonotic
authorities responsible for protected areas, experienced Diseases Emergence) initiative, which will establish
NGOs, and indigenous and local communities unprecedented international cooperation between

2 Promotion of agroecology research actors and health vigilance networks, supported

+ Acknowledging that agroecology helps preserve biodiversity notably by the FAO, for the prevention of new pandemics
while addressing the Sustainable Development Goals, a originating from animal reservoirs
programme has been established, called the “Great Green * The One Planet Summit was the occasion for a stock
Wall Accelerator” (GGW Accelerator) take of the Alliance for Rainforests, announced at the

2019 G7. Germany and the Democratic Republic of the
Conao announced their membership of the Alliance
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6 European Union biodiversity strategy for 2030

Communication from the Commission to the European Parliament, the Council,
the European Economic and Social Committee and the Committee of the Regions
Brussels, 20.5.2020 [19]

» Atthe end of 2019, the European Commission adopted The « Through its existing platforms, the Commission will help to

European Green Deal, an ambitious vision for a build a European Business for Biodiversity movement, taking
sustainable, green transition that is just and socially fair inspiration from recent initiatives and making this movement

* On 20 May 2020 the European Commission adopted the an integral part of the European Climate Pact
EU Biodiversity Strategy for 2030 to halt the decline in * To support the long-term sustainability of both nature and
biodiversity and bring nature back into our lives farming, this strategy will work in tandem with the new Farm to

* In 2020, the Commission launched a review of the reporting Fork Strategy and the new Common Agricultural Policy (CAP),
obligations of businesses under the Non-Financial including by promoting eco-schemes and result-based
Reporting Directive, with a view to improving the quality and payment schemes
scope of non-financial disclosures, including on * In addition to CAP measures, the Commission will put forward
environmental aspects such as biodiversity an Action Plan on organic farming, helping Member States

*  The Commission will put forward a new initiative in 2021 on stimulate both supply and demand of organic products
sustainable corporate governance. This initiative, which * As set out in the Farm to Fork Strategy, the Commission will
may take the form of a legislative proposal, will address take action to reduce by 50% the overall use of — and risk
human rights and environmental duty of care and due from — chemical pesticides by 2030 and reduce by 50% the
diligence across economic value chains use of more hazardous pesticides by 2030

EU - Natura 2000 Terrestrial Natura 2000 area, 2019

EU Project proposes and implements policies that ensure a high level . % of total land area

environmental protection and preserve the quality of life of EU citizens

» Natura 2000 is a network of core breeding and resting sites for rar & &
and threatened species, and some rare natural habitat types whicl & §
are protected in their own right. It stretches across all 27 EU 1
countries, both on land and at sea. The aim of the network is to
ensure the long-term survival of Europe's most valuable and
threatened species and habitats, listed under both the Birds
Directive and the Habitats Directive

Note: The European Union (EU) includes 27 EU Member States. Sources: EEA / European Topic Centre on Biodiversity
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7 Ukraine: to save biodiversity

Sixth National Report of Ukraine on the The Main Principles (Strategy) of the National
implementation of the Convention on Biological Environmental Policy of Ukraine until 2020
Diversity December, 2018 Law of Ukraine No.2818, adoption - December 21,2010

* The Convention on Biological Diversity (CBD) was open for * Destruction of environment takes place due to cultivation of
signature in 1992 in Rio de Janeiro. Ukraine signed the CBD lands, deforestation with further change of target use of lands,

in 1992 and ratified it in 1994 drainage or watering of territories, industrial, housing and
» Ukraine has adopted national biodiversity targets or equivalent cottage construction etc.

commitments in line with the Strategic Plan for Biodiversity 2011- « To terminate the processes of worsening of condition of

2020 and the Aichi Targets environment it is necessary to increase the areas of lands of
* Ukraine has presented the Law of Ukraine “On the Main Principles  ecological network that is a strategic task in achieving the

(Strategy) of the National Environmental Policy of Ukraine for the ecological balance of the territory of Ukraine

Period until the Year 2020” (as of 2010) as the officially approved  « The tasks in terms of protection of biodiversity are not
National Action Plan for implementing the global Strategic Plan for  resolved during privatization of lands, preparation and
Biodiversity and the Aichi Biodiversity Targets (ABT). This implementation of programmes of sectoral, regional and local
document identifies seven national targets development

* The Law of Ukraine “On General Principles and Standards of - Lack of boundaries of sites settled on terrain under the
Organic Production, Trade and Labeling of Organic Products” procedure established by law results in breaching of
(2018) defines the directions of the state policy in terms of organic  requirements of the reserve regime
production, trade, and labeling of organic products, particularly < The paces of demarcation of littoral protection shelter-belts along

in “safeguarding genetic safety, biodiversity and sustainable seas, rivers and around water bodies, which perform the role of
use of natural resources and their restoration”, “ensuring ecological corridors, are slow
environmental safety in organic production processes” * The development of a national biodiversity monitoring
* Ukraine implemented a set of measures consistent with the system is vital (currently, insufficient financial sup-port is the
implementation of the CBD and the Strategic Plan for primary problem). The existing monitoring programs concern

Biodiversity 2011-2020 with the twenty Aichi Biodiversity Targets  individual species (or groups of species) at the regional level

EU instruments ratified by Ukraine:

v/ 2000 European Landscape Convention v’ 2008 Protocol tothe Carpathian Convention

v' 2001 Declaration on Environment and Sustainable v/ 2009 Directive 2009/147/EC on the conservation of wild birds
Development in the Carpathian and Danube Region v/ 2013 New EU forestry strategy for forests and the forest-

v" 2003 Framework Convention on the Protection and Sustainable based sector

Development of the Carpathians 2011 EU Biodiversity Strategy to 2020

EU's biodiversity strategy for 2030

AN
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8 The biodiversity protection in industry: Toshiba Group
experience

» MISSION: Be customers' number one choice in air
conditioning, heating, ventilation and commercial
applications throughout the area in which we operate

» PURPOSE: To create a comfortable and productive
environment, whatever the climatic conditions, offering
solutions that ensure high quality indoor air

2.4%

Toshiba Group's biodiversity conservation: Risks and opportunities of not taking or taking action

Risks : Unstable, costly resource procurement (e.g., water and minerals); damage to the company'’s reputation

Opportunities : Avoidance of risks due to unstable, costly resource procurement; increased corporate value;
heightened employee motivation

66 23%

7.4%

REDUCTION

In fotal volume of waste.
generated from 2013 to 2018

BIOTOPES REDUCTION

in fotal volume of
emissions from 20 ll

REDUCTION

In fotal volume of chemical
- emissions from 2013 fo 2018

TOSHIBA

Alchi Toshiba Group's Activity Targets
Category of Aichi Targets
Targets Theme Description
Environmental education, information a Eliminating alien
Target 1 @ Raising awareness | disclosure, and collaboration with outside Target 9 9 Elimination of alien species at company siteg
organizations species
. Address the underlying @ Incorporatin i i i i it i i
Goal A by mainstreaming 9 targets Into strategles and P i ) . Improve the status of protected areas protected areas outside Toshiba Group sites
bicdiversity 14001 goals and targets Strategic biodiversity by safeguarding |
plans Goal C ecosystems, species and
genetic diversity Target 12 0 Conserving Protecting rare plant and animal species, ex
@ Sustainable Mitigation of climate change and efficient use arge . situ conservation
Target 4 of resources endangered species
production - -
| L . Enhance the benefits to all Maintaining and . )
Building ecosystem networks that connect  [Strategic nhance the benefts to a Maintenance and improvement of cultural
Tarast 5 Reducing habitat tural habitats with Toshiba G it from biodiversity and Target 14 . .
arged natural habitats with Toshiba Group sites, Goal D scosystem services managing ecosystem services
loss planting trees services
Reduce the direct T
Strategic | pressuras on biodiversity A Reducing chemical ) Boost implementation @ Improving and Accumulating and disclosing ecosystem
Goal B and promote sustainable | Target8 ~ution Management of chemicals Strategic g?;ﬁ:gp;:m:g: Target 19 survey data (including habitat maps) and
e P Goal E menagement and capacity v spreading knowledge and | creating biodiversity conservation
building technology technologies
v In FY2019, activities to achieve the 10 Aichi Targets were

implemented at an average of 71% of sites. Implementation
rates were high for Targets 1, 2, 4, 5, 8, 11, and 12 but low
for Targets 9, 14, and 19
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1 Environmental challenges for PJSC "ArcelorMittal Kryvyi Rih"

Steel production relates to the significant environmental footprint. The main
goals of PJSC ArcelorMittal Kryvyi Rih in ecological area are fulfillment of the
environmental obligations and ecological safety. Due to these goals the
enterprise improves its environmental management system, renovates
environmental facilities and develops new methods of waste processing and
storage. PJSC ArcelorMittal Kryvyi Rih is one of the first steel plants in Ukraine
adopted environmental management system for the efficient management of
the environmental issues. Every year the plant proves that environmental
management system meets requirements of the international standard 1SO
14001:2015, which testifies high reliability and productivity of environmental
management system. The enterprise approved Environmental Policy, which
states main principles of our attitude to the environmental protection

Main principles of Environmental Policy for PJSC "ArcelorMittal Kryvyi Rih"

Our values: Our responsibilities:
> life and health of a person in an ecologically clean v" Develop ecological strategy based on the best existing technologies
environment and methods of environmental safety management considering
Our code: social interests and Company's possibilities

<\

_ , Perform ecological programs for continuous improvement of

> compliance, consistency and transparency ecological figures and achieving ecological standards

» impact prevention and willingness Rationally and effectively use subsoil and land resources

Gradually implement system of ecological monitoring with data ware
Effectively manage ecological risks basing on modern concepts
Provide ecological education and general engagement into
ecological activity of the company's employees

Demonstrate commitment of mangers of all levels to fulfillment of
environmental policy, compliance with legislation and regulations and
create conditions for implementation of environmental goals and

v Constantly improve system of ecological management to reduce the
significance of ecological aspects

» awareness and responsibility

D NANINIAN

\
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2 Tests aimed at reducing environmental pollution from the
operation for PJSC "ArcelorMittal Kryvyi Rih"

Before using an eco-fixer" After using an eco-fixer Conclusions:

1 Eco-fixators PG 100 (DP), PG 200 (DP)
have confirmed the effectiveness of dust
suppression during testing

2 The declared warranty period (three
months) of the eco-fixers PG 100 (DP), PG
200 (DP) has been passed, which is
sufficient for the season of the greatest
dust formation in the hot and dry months of
the year

Before using reagent «<PELENA» After using reagent «PELENA» Conclusions:

1 Experimental reagent «PELENA» for dust
suppression of open pit roads in the
conditions of "ArcelorMittal Kryvyi Rih"
showed an effect in the context of less
than 1 (one) day

1* Day

2 Based on the studies carried out in the
open pits of the PJSC "ArcelorMittal Kryvyi
Rih", it is advisable to observe the
watering schedule

!photo from industrial tests of the «PELENA» technology to prevent dusting of the road surface when trucks move on
the technological roads of open pit mines in the conditions of the MD of PJSC "ArcelorMittal Kryvyi Rih"
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1 Waste situation in EU

Evaluation of municipal waste management
performance of single member states and EU27*

Total municipal
wasle treatment
in 1,000 tonnes.
Dot-sizes:

Waste management in EU [38]
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2 The National Waste Management Plan up to 2030

The Ukrainian Government approved the National Waste

Management Plan until 2030. This is a detailed roadmap for the
implementation of the National Waste Management Strategy aimed at

building a waste management system in Ukraine based on EU
standards and a closed-loop economy

Among the key lines are:

v’ a package of targets for each type of waste: from the adoption of
the necessary legal framework to specific measures to collect,

recycle and dispose
development of regional waste management plans
construction of non-hazardous waste landfills

AN

wastes
adoption of the bill on municipal waste
development of new state building standards for landfills

AN

Tariff for the export of waste in cities

ﬁy: g& 1 euro = 33,23 UAH
&l w0
F S
P

m 41,84
107,5 28,4 e
Transcarpathian Zhytomyr regior i
UAH per m3 of

garbage

The average tariff
for Ukraine is 54.5

construction of regional complexes for the recycling of household

Secondary raw materials in Ukraine

In Ukraine, in addition to the state system for collecting
secondary raw materials, there is also a system of private
collection points for recyclables

Points in Kyiv

Points in Dnipro
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People receive money for the fact that they hand in these
items recyclable materials:
Paper; Cans; PET; Solid wrap film; Colored wrap film; Stretch
wrapping film; Plastic bags; Chemistry cans; Bottles for shampoo;
Plastic buckets, basins; Scrap of fruit box; Scrap box for beer,
vodka, milk

I As of today, more than 15%of the objects of burial
waste is overloaded and not give sanitary standards.
Opportunities the expansion of existing landfills is
significant limited
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3 Morphological composition of waste in cities

Weight of education, t / year Recycling mass, t / year
- - Percentage of E
Component of solid waste Content,% Residential building Dnipro recyclinz o Residential Dnigro
of Dnipro min max . building of Dnipro min max

Paper and cardboard 574 17 176,45 19 237,63 21 127,04 50% 2,87 5 588,23 $&188]1 10 563,52

0%

214 & 379.67 7 167,62 7 871,59
50,27 3214,87 3 602,90 295676 0,86 2573,50 288232 216540
18,47 118322 122521 1 455,36 0,32 246,55 1 040,17  1164,29
25,50 1621,81 182762 2007,12 0,44 130545 1462,10 160570
2,42 154,79 173,26 190,39 0.04 122,53 138,65 152,31
3,32 212,57 238,52 261,96 0,06 170,25 150,83 209,57

3,66 10 940,35 12 252,19 13 456,63
20,42 2 234,32 2 502,44 2 748,22 0,40 1787456 200195 219857
79,58 8 708,02 9 750,75 10 708,41 2,33 4 944,82 7B00,E0 8 564,73

Other polymers 317 # 487,70 10 624,22 11 669.87

detergent packaging 12,78 121212 1257.57 1 450,50 0,32 949,65 108606 119272
m 87.22 8 275,58 9 268,65 10 178,96 2,21 6 620,46 741492 814317

8,00 23 927 .47 26 796,79 27 431,04 85% 4,80 20 338,52 22779.14 25014,38

1.01 301224 337371 3 705,05 100% 1.01 301224 337371 370505
Non-femmous metals 018 534,44 598,57 457,26 100% 0.18 534,44 593,57 457,34
fextie  [WEEE 12041.08 13 486,01 1481053

2,53 7 559,09 8 464,18 7 297,60 40% 1,01 302363 3 336,47 371907

oo7 21557 241,44 265,16
Bones, leather, rubber 221 & 612,34 7 405,52 & 133,15 Annual guantity (by mass) of
ing is combi

2,44 7 301,94 8178,17 881,37 formation of resource-valuable
street scum, stones 14,72 44025,53 49 308,59 54 151,40 components of solid waste in Dnipro
other = [RLRE 32 140,55 35997 41 39 532.87 and foreclosure forecast for recycling
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4 How ready are people ready in Ukraine?

v' From what is known, the split collection in Myrgorod is quite successful. Also in
Chop, Lviv, Kharkiv, Kyiv, Kropivnitsky, Uzhhorod, Mukachevo...

v" According to the same report, in 2016, 575 settlements implemented a
separate collection of garbage, worked 1 waste incinerator and 3 incinerators.

AWARENESS OF CITIZENS OF SEPARATE WASTE STREAMS
AND READINESS TO CHANGE BEHAVIOR REGARDING THEM

know
about

79.3% B

are nol sure
about the answer

gtk 22,3 % {4
23232223 ~° 22
1 it

e

54%,

city resldenls

=% K9

'74%

pedsants

44444444

REGARDING HARM FOR THE ENVIRONMENT
AND HUMAN HEALTH CAUSED
BY BATTERIES AND LUMINESCEMT LAMFS

L L T P P T I
| ’ 4, lomps fo speciafrad
=4 coraction points

) Throw used batteries and
| AN luminescent lamps

(\H into waste bins

tha thara i bigger for peasants but more
than ha'f of city residents ako throw them into waste Bins

ENVIRONMENT
people law

The rule of law for the protection of the environment

EpL

take battaries and luminescent

Il The biggest problem is administrative in the
first place, and the plus is still in many places,
corruption component that inhibits this

The public project in Kyiv "Ukraine without
Garbage" aims to improve the state of the
environment by involving communities in the
sorting of garbage. Volunteers have a mobile
station for receiving secondary raw materials,
conduct educational establishments, and carry
out environmental audits

EPL is a public interest environmental law
organization which since 1994 has been
protecting environmental rights, supporting,
restoring and improving the environment and
providing legal help in protecting other human
rights, especially those which overlap with
environmental rights
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1 Sustainability reporting concept

Sustainability reporting is the practice of measuring, also reporting
for domestic and foreign stakeholders, where enterprise’s activities
results are main subject in relation to the sustainable development
goals [59]

Sustainability reporting is including both the economic,
environmental and social aspects of an organization

A sustainability report can be considered as synonymous with other
terms for non-financial reporting; triple bottom line reporting and
corporate social responsibility (CSR) reporting

Sustainability reporting is the key platform for communicating
sustainability performance and impacts [75]

» to compare and also
assessment of
sustainability

« impact demonstration of
the organization on
sustainability expectations
and the impact of these
expectations on the
organization;

« comparing the activities
results parts of the

development results in organization and others

relation to the laws,
regulations, standards
and voluntary initiatives;

Among the international standards for sustainable development
reports, plays an important role the United Nations International
Platforms — the United Nations Global Compact (GC) and the Global
Reporting Initiative (GRI)
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different organizations, as'
well as performance at
different points in time.
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Reports of organizations for sustainable
development are addressed to

Partners and clients

Employees

Public and environmental organizations
Investors

Representatives of public and municipal
authorities

International initiatives and voluntary
sustainability reporting initiatives are need to
provide a common understanding of the
indicators of such reports and to unify the
procedures

ASANENENEN

The global initiatives examples

UN Global Compact GC
Global Reporting Initiative GRI
Climate Disclosure Standarts Board CDSB

International Integrated Reporting Council ~ 1IRC
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2 The main standards for "informal” reporting on sustainable
development in extractive industry

Extractive Industries Transparency Initiative (EITI) is the global IRMA’s Standard for Responsible Mining defines good

standard to promote the open and accountable management of practices for what responsible mining should look like at the
oil, gas and mineral resources [54] industrial-scale. It provides the list of expectations that
independent auditors will use as the benchmark for
- EITI responsible mines [54]
_ ~ Companies Report ~Government
disclose information on < “ diseloses information on | | ]
payments | : the received revenues aining induss, — Extraction
7 With the exemp- of namn‘:}! raw mz;reriais
e ‘\h o tion of energy fuels] and minerais
I i f -
H . } . . H . m -
! OrEmnises ma’egema‘em auedid and c.:rvef sighi of the i - sduction vofy e _ Collaboration
I paid taxes and royalties 1 I ;
I i e with other related
Industrial-scale
. o standards and
Multi-Stakeholder Group /’il_rﬁs\\ certification systems
i initiates a discussion on governunce of the extractive | S spplica bi liey I . .
] : i S T Certification
1 sector and management of natural resources in the country 1 Individual { the level of mire sit
------------------------ e i e E B BB \ . opcrationg __._.;-.:lj{_.' ai the ievel of mine siles
R (mincs, quarrics) |+

General Public v

I E m =
= I I I R eg Ponsible M i ni “% Initiative for Responsible

Mining Assurance
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3 Transparency Initiatives: Global Reporting Initiative (GRI)

The Global Reporting Initiative (GRI) Standards represent global best practice

. . . . L Universal
for reporting publicly on a range of economic, environmental and social impacts. Standards
Sustainability reporting based on the Standards provides information about an
organization’s positive or negative contributions to sustainable development [58] A

Management
Approach

primarily to be used as a set, to prepare a sustainability ol
pr report focused on material topics
G Rl santle’ v The three universal Standards are used by every

Decisions

w organization that prepares a sustainability report
v" An organization also chooses from the topic-specific

Standards to report on its material topics — economic,

= . v/ The modular, interrelated GRI Standards are designed / :
@\\ . . . .. Foundation General
’ \

environmental or social Economic Environmental
Internal ( External stakeholders i “GRI helps businesses and
stakeholders .
governments worldwide
= m understand and communicate their
impact on critical sustainability \
Govemment . .
issues such as climate change,
4 - Companv human rights, governance and

social well-being. This enables

real action to create social, Topic-specific
‘ ! environmental and economic Standards

benefits for everyone™

Examples of a company's internal 5’
and external stakeholders.

'Global Reporting Initiative. URL: https://www.globalreporting.org/
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4 Transparency Initiatives: United Nations Global Compact

The United Nations Global Compact (UNGC)

is a voluntary initiative based on CEO commitments to
implement universal sustainability principles and to take
steps to support UN goals?

The UN Global Compact is a leadership platform for the
development, implementation and disclosure of responsible
corporate practices

UN Global Compact supports companies to:

v do business responsibly by aligning their strategies
and operations with Ten Principles on human rights,
labour, environment and anti-corruption; and

v’ take strategic actions to advance broader societal
goals, such as the UN Sustainable Development
Goals, with an emphasis on collaboration and
innovation

UN Global Compact: Homepage. URL: https://www.unglobalcompact.org/

Human Rights >

Principle 1: Businesses should support and respect the protection
of internationally proclaimed human rights

Principle 2: make sure that they are not complicit in human rights
abuses

Labour

Principle 3: Businesses should uphold the freedom of association
and the effective recognition of the right to collective bargaining

Principle 4: the elimination of all forms of forced and compulsory
labour

Principle 5: the effective abolition of child labour

Principle 6: the elimination of discrimination in respect of
employment and occupation

Environment

Principle 7: Businesses should support a precautionary approach
to environmental challenges

Principle 8: undertake initiatives to promote greater environmental
responsibility

Principle 9: encourage the development and diffusion of
environmentally friendly technologies

Anti-Corruption

Principle 10: Businesses should work against corruption in all its
forms, including extortion and bribery
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1 Extractive Industries Transparency Initiative - EITI

v' The EITl is the global standard for the good governance of olil,
gas and mineral resources [44]

v The EITI seeks to strengthen public and corporate governance,
promote understanding of natural resource management, and
provide the data to inform reforms for greater transparency and
accountability in the extractives sector

v The EITI requires the disclosure of information along the
extractive industry value chain from the point of extraction, to
how revenues make their way through the government, and how
they benefit the public

Il Stronger institutions and governance frameworks will help
reduce the scope for corruption and mobilise domestic resources
for sustainable development

@ Supporting countries

@ Outreach countries

Implementing countries

Using of standards for sustainable management will be the
beginning of fundamental reforms in the field of Extractive

Industries

v EITI requires not only the disclosure of payments by
companies, but also of revenues received by
governments with an independent verification of all the
data

v EITI applies to all companies operating in the
jurisdiction of EITI member countries, regardless of
their ownership

v EITlI coordinates relations and activites at an
international level

v' (4) EITI does not restrict access to reports and other
relevant information about the initiative and
participating countries

55 countries implement the EITI Standard [21]

Implementing country. To become an EITI implementing
country, a country must complete five sign-up steps.
Supporting Countries are committed to help the EITI
through financial, technical, and political support at the
international level and in implementing the EITI Standard
in resource-rich countries

Outreach countries recently committed to implement the
EITI
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2 The organisational structure of the EITI mechanisms

v The EITI Standard takes place at the level of national
states

v In committing to EITI implementation, governments
agree to disclose information along the extractives

v industry value chain, from how extraction rights are
awarded to how revenues are managed and allocated
by government

The eight categories of data that are revealed in the
EITI report

4 A
-------------- e THE EITI STANDARD COVERS -+

B\ |5 ® SN
P : = n"?@,g. : u
H ® i
Natural i |lontracts Production Revenue Revenue soclaland | Public
resources : ad licences collectien allocation eccnomic ¢ benefit
: _I | spinding

| T I
*Contractsand |, = Exploration *» Tax revenues * Revenue | * CSR payments
model contracts),  activities + Sales by managemeg. « Quasi-fiscal
* Beneficial « Production governments « Distributior, of expenditures
ownership figures and state- revenues’ « Contribution to
owned

* License data « Sxport data * Subna*.onal
and coordinates enterprises trapsiers
. |ntrastructu%
and barter
agreements

1111 95% of EITI data is publicly available in open data format

national economy
+ Employment
figures on gender

* Environmental
impact

You can see that National multi-stakeholder groups are

the key feature of this initiative. They consist of government,
civil society, and company representatives, who manage

the functioning of EITI mechanisms in a particular country [54]

3 EITI
Companies Report Government
disclose information on I > { I discloses information on
payments the received revenues
//~\\
e oS

__________________________________________________

organises independent audit and oversight of the
paid taxes and royalties

Multi-Stakeholder Group

initiates a discussion on governance of the extractive
sector and management of natural resources in the country

General Public

Unlike some of the voluntary sustainability standards systems that

allow for the national or regional adaptation of the global

requirements and criteria, all EITI member countries are held to

the same global standard
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3 EITI Implementing country - Validation

Validation is an essential element of the EITI process.
Its purpose is to evaluate the progress of implementing
countries in achieving the requirements of the EITI
Standard [21]:

J’.@.‘f Ik\.
o L}
#
i
£
+
i
]
3rd ‘]Sl
Validation EITI VALIDATION Validation
» ]
i
(1
L}
LY
%
v
v %
LY 4&,},“ "
LY 2
. o
e ond EF“Q.\,F

~- Validation

. Preparation for Validation: The multi-stakeholder group (MSG) is encouraged to

conduct a self-assessment of adherence to the EITI Standard. The national secretariat
collates the documentation and other sources that demonstrate compliance. Stakehold-
ers are invited to prepare any other documentation they consider relevant.

. Initial data collection and stakeholder consultation undertaken by the EITI In-

ternational Secretariat: The International Secretariat reviews the relevant documen-
tation, visits the country being validated and consults stakeholders, including MSG.
Based on the consultations, the International Secretariat prepares a report making an
initial assessment of progress in implementing the EITI Standard, which is submitted
to the Validator. The initial assessment does not include an overall assessment of
compliance.

. Independent Validation: The Board appoints an Independent Validator through a

competitive tendering process. The Validator reports to the EITI Board via the Valida-
tion Committee. The Validator comments on the Secretariat’s initial assessment and
prepares a Draft Validation Report. The MSG comments on the Draft Validation Re-
port. Considering these comments, the Validator compiles a Final Validation Report,
which includes the Validator’s assessment of compliance with each provision, but not
an overall assessment of compliance. The Validator presents the findings to the Vali-
dation Committee.

. Board Review: The Validation Committee reviews the Final Validation Report and

makes a recommendation to the EITI Board on the country’s compliance with the
EITT Standard and, where applicable, any corrective actions required. The EITI Board
makes the final decision if the EITT requirements are met and determines the country’s
overall compliance with The EITI Standard, which is expressed as a degree of pro-
gress and compliance.
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4 EITl in Germany & Ukraine
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Last updated May 2020
Germany Ukrai
raine
Last updated December 2019
b wﬁ;‘xf fees ¢ Validation commenced Government announces
itment
Sl il First Validation commenced
MSG formed Germany makes
satisfactory progress MSG formed
Candidature application submitted
Candidature application Found to have made
Becomes candidate country submitted “meaningful” progress
I Becomes Candidate country Sec::::::&:::on
2014 2015 2018 2021

2016

2017

2019 1020

Publication of EITI Report (2017)
Publication of first ETTI Report

The extractive industries contribution to Germany's GDP is
below 0.2% (2016 EITI Report, for 2015). Extraction holds
regional importance because of employment in the open pit
mines. Germany-wide, extractive companies in Germany
generate sales of around €9.2 billion with 71,000

employees [21]

2009 2010 2011 2012 2013 2014 2015 016 2017  2018| 2019 200 2021

2016 EITI Report|published
2013 EITI Report published

) Deadline for the next EITI
Report

} 2014-2015 EITI Report
published

The extractive sector plays an important role in Ukraine’s
economy, amounting to 5.9% of GDP. The industry contributed
UAH 120 billion to the state budget, representing 41% of
government's revenues from 100 biggest taxpayers in 2018.
The major extractive companies operating in the country are
UkrGasVydobuvannya PJSC (gas), Ukrnafta PJSC (oil) and
DTEK PJSC (coal). The Ukraine began preparations for joining
the EITI in 2009 and became a member in 2013
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1 Local in Global - Prosperity with growth

Perspectives of the environmental limitations on economic We need ‘green growth’, not ‘no growth’
growth can be divided into the three categories [30]:

> to protect employment

» to promote and facilitate social investment

» to reduce inequality

» to support both ecological and financial stability

1) infinite economic growth is possible driven by
technological progress and human ingenuity

2) growth will continue but environmental limits will exert
a ‘drag’

3) environmental limitations will eventually bring growth to
a halt

v' Sustainable development means the complex relationships
between economic growth, environmental security and
social prosperity

v" Instead of trying to work out how to stop growth at least cost,
the significant and important question is how to stimulate a
structural shift and a radical change in it

The material economy is bounded by the ecosystem —
the intellectual economy is not [63]

1European Forum for Studies of Policies for Research
and Innovation EUSPRI Conference, URL: https://ip4sustainability.org/
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2 Smart production and consumption: German experience

DYCLE is a fundamentally new way of how baby diapers are
to be produced, used and recycled, or rather upcycled, when
they are no longer a waste but a nutrient for plants,
transformed into fertile soil®

Baby's + 100% biobased }
Excrenons Dvcl_E Diapers Germany
[ ]
i T (
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Each child produces around 500kg of diaper waste  Many people’s small change in everyday life can bring bigger changes towards
in their first two and half years of life that translates  sustainable consumption. We assess the costs of PV power generation at the
into around 1400 litres of crude oil used for plastic ~ country level based on the practical potential and the concept of LCOE [18]

components according to DYCLE’s estimations

e
e
E
K
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’DYCLE - https://dycle.org/en

ntudp.com ntudp.com  Dr. N. Nechai & Dr. L. Paliekhova //18.01.2021 181



Winter School “Sustainability in the Industrial Sector”

Cottbus, Germany - Dnipro, Ukraine

3 Organic farming: German experience

What is the future of food in cities?®

v Food comes from outside of cities for the
overwhelming majority of people (only 1/5 of food is
produced in cities globally)

v Circular or organic farming is a sustainable,
resource-friendly and environment and animal-
friendly way of farming

v With annual sales revenues of Euro 11.97 billion
(2019) Germany has the largest organic food

k market in Europe
Y

The farming collective Bienenwerder, in operation for
over 10 years, has been growing organic vegetables,
raising dairy goats, horses, cows, ducks, chickens and bees.
15 people live and manage the 50 hectares of land supplying
vegetables to Kreuzberg in Berlin [23]

J

* Food, Agriculture and Cities. The challenges offood and nutrition

security,agriculture and ecosystem managementin an urbanizing world.

URL: http://www.fao.org/3/au725e/au725e.pdf

Sustainable farming: Hofkollektiv Bienenwerder
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50-hectare area, started in 2004 by 4 people solidarity-based agriculture
organic farming, i.e. soil-conserving & humus-increasing, no pesticides
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4 Organic farming in Ukraine

v In 2007, at the initiative of public organizations of the v' In 2019 the total area of organic land amounted to 468
organic movement, with the support of the Ministry of thousand hectares (1.1% of the total area of agricultural
Agrarian Policy of Ukraine, the certification body, Organic land in Ukraine), which is by 20% more than in 2018. At
Standard, was established to deal with the review and the same time, there were 617 operators of the organic
issuance of licenses to enterprises and farmers who want market, 470 of them were agricultural producer
to produce and sell organic products®

v In October 2020, the Government has adopted the v In 2019 Ukraine ranked 1st in Europe and 2nd in the
Procedure for Certification of Organic Production and/or world (out of 123 countries) in terms of exports of
Circulation of Organic Products (Resolution Ne1032), organic products to the EU, rising two points compared
which has been developed taking into account the to the previous year

requirements of EU legislation [68]

» Sokolovo FOOD FOREST is a farm with 7 hectares
located several kilometers from Sokolovo village
(Novomoskovsk district, Dnipropetrovsk region) [71]

» Since 2016 Sokolovo FOOD FOREST has been growing
vegetables, fruits, berries and herbs. All products are
certified by Organic Standard

The farm strictly adheres to natural farming technology.
Annual scheduled and unscheduled inspections ensure
guality and compliance with the highest standards

*In October 2020, Ukraine took another important step towards the
shaping of appropriate legislation in the field of organic production. Thus,
the Government has adopted the Procedure for Certification of Organic
Production and/or Circulation of Organic Products (Resolution Ne1032),
which has been developed taking into account the requirements of EU
legislation. URL: https://www.kmu.gov.ua/en/ news/pidsumki-2020-
vpershe-v-ukrayini-zaprovadzheno-vlasnu-sistemu-sertifikaciyi-
organichnogo-virobnictva
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1 Sustainable development of Industry 4.0

What is Industry 4.0?*
v Industry 4.0 is a term applied toa group ofrapid Industry 4.0 depends ona number of new and innovative
transformations in thedesign,manufacture, operation and technological developments:

service of manufacturing systems and products — Information and communication technology (ICT)
v" Industry 4.0 is 'the comprehensive transformation of the whole — Cyber-physical systems
sphere of industrial production through the merging of digital — Network communications
technology andthe internet with conventional industry' — Simulation
(according to German Chancellor Angela Merkel) — Big data analysis and cloud computing
v Everything in and around a manufacturing operation — Robots, augmented reality and intelligent tools
(suppliers, the plant, distributors,even the product itself)
isdigitallyconnected, providing a highly integrated value v" Industry 4.0 can reduce the environmental impact of a
chain product, a process, or a service based on footprint data
v Industry 4.0 concept may variously be labelled: Smart availability and traceable analysis
factories,the Industrial Internet of Things, Smartindustry, or ¥ Industry 4.0, could boost the productivity and value
\ Advanced manufacturing added of industries and stimulate economic growth j

The experience in the EU Y

— In Italy, the Fabbrica del Futuro project (2011-13) — In April 2015, France launched a plan for the Factory
supported research initiatives in areas including of the Future to create demonstration centres (vitrines
customisation of products, reconfigurable factories, technologiques) to show case new products - and

. . . services.
high performf’slr_](_:e and sustainability . — Starting in 2010, the German government has
— The UK has initiated a number of policies to make contributed €200 million to the Industrie 4.0 initiative (one
manufacturing more responsive, more sustainable, more of ten projects within the German High Tech Strategy
open to new markets and more dependent on skilled 2020 Action Plan), to encourage the development of
worker 'smart factories'.

1Industry 4.0: Digitalisation for productivity and growth. Briefing - September 2015 EPRS.
URL: https://www.europarl.europa.eu/RegData/etudes/BRIE/2015/568337/EPRS_BRI(2015)568337_EN.pdf
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