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INTRODUCTION

We are happy to invite you to get acquainted with the first issue of the new scientific and
practical publication "Intellectualization of Logistics and Supply Chain Management".

We strongly believe that the launch of this magazine indicates the objective need to
rethink a wide range of issues related to the development of theory and practice in logistics and
supply chain management, awareness of the need to unite the scientific community and logistics
practitioners, dissemination of modern knowledge and best practices forinnovative development
of the logistics services market.

The first issue of the magazine is published at a difficult time. The global coronavirus
pandemic and the deep economic crisis have significantly worsened business activity in the world.
Currently, global supply chains are collapsing, international trade is declining, and competition
between global and regional logistics operators is intensifying. The most common thesis is that
the world will never be the same again. Industry experts predict the emergence of new, more
flexible and adaptive supply chain management strategies and approaches to logistics business
process management. The trend towards collaborations, cooperation and unification of services
is emerging, comprehensive proposals for clients are being developed. There is increasing talk
about the need to build bimodal supply chains, which involves the development of different
decision-making scenarios: the traditional approach - cost-effective efficiency, low risk, high
predictability; a new approach "second mode" - rapid recognition of opportunities, adaptability,
willingness to solve unexpected problems and look for new opportunities.

Radical transformations of the global and national markets for logistics services require
appropriate scientific support. Logistics science has a special role to play in this process. Initiating
the emergence of a new journal, we decided to focus on its coverage of problematic aspects of
the formation and development of logistics systems at the micro, mezo and macro levels, supply
chain management, digitization of logistics, methods and tools for optimizing processes in
logistics and supply chains, sociopsychology relations and network interaction of enterprises
using cloud technologies, artificial intelligence, e-learning, neural business process management
systems, etc.

Therefore, we invite scientists, researchers and business representatives, as well as our
colleagues from abroad, to cooperate and present the results of scientific research, to discus and
debate on them, to work together to develop the scientific theory of logistics and promote mutual
intellectual enrichment.

We hope that the new scientific publication will become a theoretical guide for young
researchers and representatives of other fields.

HRYHORAK Mariia
Chief Editor

w This work is licensed under a Creative Commons Attribution 4.0 International License
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ROLE OF ICAO CO2 EMISSIONS STANDARD FOR NEW AIRCRAFT
IN CIVIL AVIATION SUSTAINABLE DEVELOPMENT PROCESS

Dmytro Bugayko, Anton Borysiuk, Nadia Perederii, Natalia Sokolova, Danylo Bugayko. "Role of
ICAO CO2 emissions standard for new aircraft in civil aviation sustainable development process".
Achieving emissions reductions through technical standards is a fundamental element of ICAO’s basket of
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measures to address aviation emissions. The sector remains the last major transport mode without vehicle
emission standards, so the intensive CAEP work over the past years was an important opportunity for ICAO to
deliver on its stated climate goals. The development of an aeroplane CO2 Standard was one recommended
element within the ICAO Programme of Action on International Aviation and Climate Change, which was
subsequently endorsed by the ICAO High-level Meeting of Member States. Following the agreement of a draft
Annex 16 Volume lll certification requirement1 at CAEP/9, the CAEP/10 work programme for WG3 included work
items E.05 on an aeroplane CO2 emissions Standard and E.06 on interdependencies (Appendix A). These items
were allocated to the CO2Task Group (CO2TG). The 36-State ICAO Council has adopted a new aircraft CO2
emissions standard which will reduce the impact of aviation greenhouse gas emissions on the global climate.
Contained in a new Volume lll to Annex 16 of the Chicago Convention (Environmental Protection), the aircraft
CO2 emissions measure represents the world’s first global design certification standard governing CO2
emissions for any industry sector. The Standard will apply to new aircraft type designs from 2020, and to aircraft
type designs already in-production as of 2023. Those in-production aircraft which by 2028 do not meet the
standard will no longer be able to be produced unless their designs are sufficiently modified.

Keywords: air transport, emissions, regulation, standard, civil aviation sustainable development.

Amumpo byzaaiiko, AHmoH bopuciok, Hadisa epedepiti, Hamania Cokonoea, [lanuno byaaiiko.
«Pone Cmanoapmy IKAO wjo0o eukudie CO2 Oona Hosux Jslimakie y npoueci cmanoz2o po3sumky
yueinoHoi asiayii». [JocAzHeHHA CKOpOYeHHA 8UKUOI8 3a 0ONOMO20K0 MexHIYHUX CmaHoapmis €
yHOameHmanovHUM enemeHmom 3axodie ICAO wo0o supiweHHs Npobrem He2amueHoz20 eK0J1I02i4HO20
ennusy asiayii. Leld HanpamMoKk 3anUWAEMbCA 20/108HUM dACNeKMoM, AKUul nompebye 8idnosioHux
cmaHoapmis. Tomy iHmexcusHa po6oma CAEP npoms2om oCmaxHix pokie cmana 8aJiusor MOXusicmio
011 IKAO docaemu 3aseneHux knimamuyHux yinet. Posapobka cmaHoapmy CO2 ona nimakie 6yna oOHUM i3
pekomeHOosaHux enemerHmis [pozpamu 0iti ICAO wjo00 mixxHapoOHoi agiayii ma 3miHu Knimamy, AKa 32000mM
6yna cxeanerna Hapadoro Oepxkas-ysneris 8ucokozo pisHsa ICAO. [licna no2odxeHHA npoekmy [Jooamky 16 6yu
susHauyeHi Bumoza cepmucdpikauii Toma Ill1 Ha CAEP/9. Po6oua npoepama CAEP/10 ona WG3 eknouana poboui
nyHkmu E.05 wodo cmaHdapmy sukudie nimakamu CO2 ma E.06 wo0o s83aemo3anexxHocmeli (Jodamok A).
Ui nynkmu 6ynu po3nodineHi 0o pobouyoi epynu CO2 (CO2TG). Pada ICAO 3 36 kpaiH npuliHana Hosul
cmaHdoapm esukuodie CO2 gi0 nimakis, AKUl 3MeHWUMb 8NU8 asiayiliHux 8UKUOi8 NAPHUKOBUX 243i8 HA
2nobaneHul knimam. IHghopmauis micmumecs y Hosomy Tomi Il 0o Jodamky 16 Yukasekoi koHeeHUiT (3axucm
HABKOJ/IUWHbLO20 cepedosulld), NpUCBAYEHO20 8UMIpIo8aHHI0 8ukudie CO2 0na nimacis. BiH € nepwum y caimi
2nobaneHUM cmaHdapmom cepmudpikayii npoekmis, wo pezyawe sukuou CO2 0na 6yOb-skoi 2asnysi
npomucsiogocmi. CmaHoapm 3acmocosyemaucs 00 HOBUX KOHCMPYKUili munia nogimpsaHux cyoeH 3 2020 poky
ma 0o KOHCMpYKUiti munis nimackis, Aki exe nepebysarome y 8upobHUYMBsi, noduHao4u 3 2023 poky. Ti cepilHi
nimaku, aki 00 2028 poky He gidnogidamumyme cmaHoapmy, 6inblie He 3MOXymb 8UPO6SIAMUCH, AKUWO IXHi
KOHCMPpYKUii He 6ydyme nepepobrieHi ma 00cmamHbo MOOUPIKOBAHI.

Knioyoei cnoea: noBiTpAHWIA TPaHCNOPT, BUKUAW, PErynioBaHHA, CTaHAApPT, CTaJuil PO3BUTOK
UMBINbHOT aBiau,il.

Amumpuii byzaiiko, Aumon bopuciok, Hadexa [lepedeputi, Hamanes Cokonoea, [aHuun
byaaiiko. «Pone Cmandapma UKAO no evi6pocam CO2 0nsa HOBbIX camMosiemos 6 npouecce
ycmoliyueoz2o passeumus 2pax0aHckoll asuayuu». JJocmuxeHue COKpaujeHUs 8blbpocos ¢ NOMOWbIO
mexHU4YecKux cmaHodapmos A8asaemca (pyHOameHmMansHelM 3nemeHmom mep ICAO no peweHuto npobnem
HE2amugHO20 3KO0J/I02UHeCK020 B/IUAHUA dsuayuu. 3mo HAanpassaeHue ocmaemcs 2/1d8HbIM dCNeKmMom,
mpebylowum coomeemcmayrowux cmaHoapmos. [loasmomy uHmeHcugHaa paboma CAEP 8 nocniedHue 2006l
cmana eaxHol 803MOXHOCMbI0 019 MIKAO docmuub 3ase/ieHHbIX Knumamudeckux yesel. Paspabomka
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cmaHoapma CO2 0519 camonemos 6bisid 00HUM U3 peKoMeHOOBAHHbIX 3/1eMeHmos [pozpammesl deticmeaudi
ICAO no mexdyHapoOHoU asuayuu U U3MeHeHUto Ki1umamd, gnociedcmauu odobpeHHol CosewaHuem
2ocydapcme-uneHo8 8bicokozo yposHsa ICAO. [locne coenacoeaHus npoekma [lpunoxeHus 16 6biiu
onpedesneHsl mpebosaHua no cepmugukayuu Toma Il Ha CAEP/9. Pabouas npoepamma CAEP/10 ona WG3
ekmodana paboyue nyHkmel E.O5 no cmandapmy 8wibpocos camonemamu CO2 u E.06 no
e3aumosasucumocmsam ([punoxerue A). Imu nyHKkmel 6bi1u pacnpedeneHsi 8 paboyyio 2pynny CO2 (CO2TG,).
Cosem ICAO u3 36 cmpaH npuHsAn Hosblli cmaHoapm ewvlbpocos camonemamu CO2, komopelli cCHU3UM
8/1UAHUE a8UAYUOHHbIX 8bI6POCO8 NAPHUKOBbIX 2308 HA 2/106a/16HbIU Kumam. VIHghopmauus cooepxumcs 8
Hogom mowme Il k [MpunoxeHuro 16 Yukazckol KoHeeHYUU (3awuma okpyxaroujeli cpedsbl), NOCBAUEHHO20
usmepeHuto 8bibpocos CO2 0na camonemos. OHa A8/19emcsA nepsbiM 8 Mupe 27106a/1bHbIM CMAHOAaPMom
cepmudgpukayuu npoekmos, pezynupyroujum selbpocsi CO2 0na nwobol ompaciu npomelaeHHOCMuU.
CmaHoapm npumMeHAemca K HO8bIM KOHCMPYKYUAM Munos 8030y WHbIX cy008 ¢ 2020 2000 U K KOHCMPYKUUAM
Muno8 camosiemos, yxe Haxo0AWUXCca 8 npouzsoocmae, Ha4yuHas ¢ 2023 200a. Te cepuliHbie camonemel,
komopele 0o 2028 z00a He 6ydym coomeemcmeosame cmaHoapmy, 6osewe He cMo2ym npou3sooums(cs,

ecsIu UX KOHCMpYKyuu He 6y0ym nepepabomaxsl U MOOUGUYUPOBAHHI.

Knrouesbie crosa: Bo3aylLHbIA TPAHCMOPT, BbIOPOCHI, perynupoBaHne, CTaHAapT, YCTOWYMBOe

pa3ssuTne rpamnaHCKon aBunayun.

Introduction. The development of world
civil aviation is accompanied by continuous
technological progress and requires constant
improvement in the field of control and
reduction of the negative impact of CO2
emissions. Achieving emissions reductions
through technical standards is a fundamental
element of ICAO’s basket of measures to
address aviation emissions. The sector
remains the last major transport mode
without vehicle emission standards, so the
intensive CAEP work over the past years was
an important opportunity for ICAO to deliver
on its stated climate goals. The article is a
logical continuation of a number of
publications devoted to the development of
air transport sustainable development of
Ukrainian scientists D. Bugayko [1 - 8], Y.
Kharazishvili [1, 2,4, 7], M. Hryhorak [2 - 3], Y.
lerkovska [5 - 6], O. Ovdiienko [3], V. Marchuk
[3], V Lyashenko[4], V Sokolovskiy [4], V
Baranov[4], Mariia Bahrii [6], Polish scientists
(Z. Zamiar [2,7]), Azerbaijan Scientists F. Aliev
[6], and scientists of other countries.

The purpose of the article is to provide
structural analysis of CO2 emissions standard
for new aircraft in civil aviation sustainable
development process.

Presentation of the main results.
Global challenges of climate change.

The problem of climate change is one of
the most serious modern challenges of
mankind. In September 2015, world leaders
gathered at the United Nations (UN) and
adopted the 2030 Agenda for Sustainable
Development. It is an action plan aimed at
achieving global sustainable development in
economic, social and  environmental
directions, which ensures that no UN member
country is left behind. The 17 sustainable
development goals in the 2030 agenda can be
used as guidelines for the coordinated
development of UN member countries.

Sustainable development goal 13.
Climate change. Urgent action to combat
climate change and itsimpactsis a key priority
for every responsible citizen or organization
today. Therefore, the global ecological
situation is actually getting out of control [9].

According to the latest figures from the
Intergovernmental Panel on Climate Change,
international and domestic aviation activities
account for approximately 2% of global CO2
emissions. At the same time, the percentage
of international aviation is approximately 1.3
percent of global CO2 emissions [3].
Therefore, the environmental component is a
priority for the development of world civil
aviation, which is constantly improving its
actions in the following areas: combating
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climate change (CORSIA), aviation noise and
emissions of CO2, NOx.., environmental
technologies and operation, ecological
aviation fuel, and others. One of the effective
tools for countering the trend on the part of
civil aviation is the implementation of the new
CO2 standard for aircraft.

New CO2 standard for aircraft.

Subsonic jet aeroplanes, including their
derived versions, of greater than 5 700 kg
maximum take-off mass for which the
application for a type certificate was
submitted on or after 1 January 2020, except
for those aeroplanes of less than or equal to
60 000 kg maximum take-off mass with a
maximum passenger seating capacity of 19
seats or less;

Subsonic jet aeroplanes, including their
derived versions, of greater than 5 700 kg and
less than or equal to 60 000 kg maximum take-
off mass with a maximum passenger seating
capacity of 19 seats or less, for which the
application for a type certificate was
submitted on or after 1 January 2023;

All propeller-driven aeroplanes, including
their derived versions, of greater than 8 618
kg maximum take-off mass, for which the
application for a type certificate was
submitted on or after 1 January 2020;

Derived versions of non-CO2-certified
subsonic jet aeroplanes of greater than 5 700
kg maximum certificated take-off mass for
which the application for certification of the
change in type design was submitted on or
after 1 January 2023;

Derived versions of non-CO2 certified
propeller-driven aeroplanes of greater than 8
618 kg maximum certificated takeoff mass for
which the application for certification of the
change in type design was submitted on or
after 1 January 2023;

Individual non-CO2-certified subsonic jet
aeroplanes of greater than 5 700 kg maximum
certificated take-off mass for which a
certificate of airworthiness was first issued on
or after 1 January 2028; and

Individual non-CO2-certified propeller-
driven aeroplanes of greater than 8 618 kg

6-14
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maximum certificated take-off mass for which
a certificate of airworthiness was first issued
on or after 1 January 2028 [10, 11].

The CO2 standard for aircraft — key points

Reduces aircraft CO2 emissions by
encouraging the integration of fuel efficient
technologies into aircraft design and
development.

Ensures that older aircraft models end
production in an appropriate timeframe or
that manufacturers invest in technology to
improve their efficiency.

The standard also ensures that new
designs go beyond the highest fuel efficiency
of today’s aircraft. Is a challenging and robust
standard that brings CO2 emissions into the
formal certification process that new aircraft
need to pass in order to enter service.

Is a significant milestone for the sector:
the first such standard for aircraft and is key to
the sector’s long-term commitment to reduce
CO2 emissions from aviation.

Is part of a basket of measures to deal
with industry’s climate impact which include
improved operations, sustainable alternative
fuels, better use of infrastructure and new
technology (which the CO2 Standard will
support).

Is complementary to an agreement in
September/October this year on a global
market-based measure to cap the growth in
aviation CO2 emissions from 2020 and meet
the industry’s mid-term goal.

Was developed by the ICAO Committee
on Aviation Environmental Protection (CAEP)
over a six-year period through 26 meetings
and some 700 papers and pieces of analysis
by 170 aviation experts from governments,
industry and environmental groups [10].

CO2 differs fundamentally from ICAQ's
noise and NOx standards because fuel
efficiency has always been a major aircraft
design parameter whereas noise and (to a
large extent) engine emissions abatement
measures, are not in themselves inherent to
building aircraft — at least until regulation was
introduced. While those measures simply add
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costs, every fuel efficiency improving
technology has both costs and savings [12].

Fuel efficiency is central to aviation’s
business and sustainable growth strategy —
as evidenced by the huge gains in fuel
efficiency over the decades. The formalization
of a CO2 Standard for aircraft is an important
part of the sector’s overall basket of measures
for climate action and is complementary to
the significant work already underway in the
sector: new aircraft and alternative fuels
technology; optimizing operational
procedures; and improved infrastructure.

The Standard will ensure that all newly-
developed aircraft and engines incorporate
the latest commercially-available proven
technologies, mindful that no single
technology can be applied across the entire
range of new aircraft and engine models from
small regional and business aircraft to the
very large capacity long-range commercial
aircraft.

The CO2 emissions of aircraft become
part of the certification process, alongside
safety compliance and noise measures,
among other elements.

The establishment of the first global CO2
standard will allow monitoring and progress
in the future towards achieving CO2
emissions reductions in line with research and
development targets and technical feasibility.

How does the CO2 standard work?

The CO2 Standard focuses on cruise flight
performance because the cruise portion of a
flight is typically when the most fuel is
consumed and the majority of CO2 is emitted.

It takes account of the ‘transport
capability’ of the aircraft — i.e. what is
transported and how far it is transported.
These two elements, the payload and the
range, are essential in the design of any
aircraft. For each aircraft type, depending on
its size and weight, the CO2 Standard defines
a maximum metric value (fuel burn per flight
kilometre) that may not be exceeded.

6-14
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For each aircraft type, depending on its
size and weight, the CO2 Standard defines a
maximum metric value (fuel burn per flight
kilometre) that may not be exceeded.

CO2 metric system to measure the
aeroplane fuel burn

The intent of this CO2 metric system is to
equitably reward advances in aeroplane
technologies (e.g. propulsion, aerodynamics
and structures) that contribute to reductions
in aeroplane CO2 emissions, and differentiate
between  aeroplanes  with  different
generations of these technologies. As well as
accommodating the full range of
technologies and designs which
manufacturers can employ to reduce CO2
emissions, the CO2 metric system has been
designed to be common across different
aeroplane categories, regardless of aeroplane
purpose or capability. An overview of the CO2
Metric System can be found in Figure 1 [13].

To establish the fuel efficiency of the
aeroplane, the CO2 metric system uses
multiple test points to represent the fuel burn
performance of an aeroplane type during the
cruise phase of flight. Specifically, there are
three averaged (i.e. equally weighted) points
representing aeroplane high, middle and low
gross masses, which are calculated as a
function of Maximum Take-Off Mass (MTOM).
Each of these represents an aeroplane cruise
gross mass seen regularly in service. The
objective of using three gross mass cruise
points is to make the evaluation of fuel burn
performance more relevant to day-to-day
aeroplane operations. The metric system is
based on the inverse of Specific Air Range (i.e.
1/SAR), where SAR represents the distance an
aeroplane travels in the cruise flight phase per
unit of fuel consumed. In some aeroplane
designs, there are instances where changes in
aeroplane size may not reflect changes in
aeroplane weight, for example when an
aeroplane is a stretched version of an existing
aeroplane design [13].
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(1/SAR) /| RGF-24

MTOM

Specific Air Range
(1/SAR)

Specific Air Range is the distance
an aeroplane travels in the cruise
flight phase per unit of fuel
consumed.

Reference Geometry
Factor (RGF)

Reference Geometric Factor is an
adjustment factor based on a
measurement of aE‘T'ODlFIﬂE'
fuselage size derived from a two
dimensional projection of the
fuselage.

Aeroplane Maximum
Take-Off Mass (MTOM)

Maximum Take-Off Mass is the
highest of all take-off masses for
the type design configuration.

Figure 1 - An overview of the CO2 Metric System [7].
Source: 2016 Environmental Report - Aviation And Environment/ the CAEP/10 recommendation on a
new ICAO AEROPLANE CO2 EMISSIONS STANDARD by Stephen Arrowsmith (European Aviation Safety Agency)
and Laszlo Windhoffer (US Federalaviation Administration) ICAO, 2016 - P.112 — 114 [13].

To better account for such instances, not
to mention the wide variety of aeroplane
types and the technologies they employ, an
adjustment factor was used to represent
aeroplane size. This is defined as the
Reference Geometric Factor (RGF), and it is a
measure of aeroplane cabin size based on a
two-dimensional projection of the cabin. This
improved the performance of the CO2 metric
system, making it fairer and better able to
account for different aeroplane type designs.

The overall capabilities of the aeroplane
design are represented in the CO2 metric
system by the certified MTOM. This accounts
for the majority of aeroplane design features
which allow it to meet market demand. Based
on the CO2 metric system, CAEP developed
procedures for the certification requirement
including, inter alia, the flight test and
measurement conditions; the measurement
of SAR; corrections to reference conditions;
and the definition of the RGF used in the CO2
emissions metric. CAEP utilized
manufacturers’  existing  practices in
measuring aeroplane fuel burn in order to
understand how current practices could be
used and built upon for the new Standard
[13].

Setting the regulatory limit

ICAO environmental Standards are
designed to be environmentally effective,
technically feasible, economically reasonable,
while considering environmental
interdependencies.

This involved defining an analytical space
within which CAEP would work to investigate
the options available. This included the
development of options for the regulatory
limit line, applicability options and dates, and
all the associated assumptions which allowed
the CAEP working groups to perform the cost
- effectiveness analysis required to make an
informed decision on the Standard at the
CAEP/10 meeting. The foundation of the
CAEP/10 recommendation on the CO2
emissions Standard was supported by this
significant data informed process, involving
input from ICAO member states and
stakeholders.

The modeling exercise involved several
analytical tools, including fleet evolution
modeling, environmental benefits, recurring
costs, non-recurring costs, costs per metric
tonne of CO2 avoided, certification costs,
applicability scenarios and various sensitivity
studies to inform the decision-making
process. This work allowed CAEP to conduct
an analysis, with the aim of providing a
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reasonable assessment of the economic costs
and environmental benefits for a potential,
CO2 standard in comparison with a “no
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action” baseline [13]. The CO2 Standard
regulatory limits can be found in Figure 2.

E Analytical
Space

~—C02 Standard Limit Line (NT) ==
==C02 Standard Limit Line (InP) -
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Figure 2 - The CO2 Standard regulatory limits
Source: ICAO’S CO2 standard for new aircraft, ICAO, 2017 [10].

Choices considered during the co2
standard work

— Ten Regulatory Limit Lines;

— Treatment of aeroplanes above and
below 60 tonnes;

— New Type
applicability;

—  Production cut-off; and

— Applicability dates of 2020, 2023,
2025 and 2028.

Conclusions. Each new generation of
aircraft is roughly 15-20% more efficient than
the model it replaces. The CO2 Standard
mandates that these improvements continue.

However, the continuous development
of new aircraft and engine technology,
underpinned by the CO2 Standard, is only one
part of overall aircraft efficiency
improvements.

The aviation industry approach focuses
on four pillars of climate action: reducing fuel
use (and CO2 emissions) through new
technology and alternative fuels; better
operations of existing aircraft; and
improvements in infrastructure. For all
emissions that cannot be reduced through
these pillars, a global market-based measure

and In-Production

will be used to offset the remaining emissions
in order to meet the targets set by the
industry. The CO2 Standard will be reviewed
as part of the regular cycle of ICAQO’s
Committee on Aviation Environmental
Protection (CAEP) [14].

At the same time, without diminishing
the great importance of the introduction of
this standard for the greening of global
aviation transport, it is advisable to make
some polemical remarks. From the point of
view of the authors, its implementation will
lead to further globalization of the aviation
industry. Under such conditions, the most
innovative manufacturers of aircraft and
aircraft engines virtually monopolize the
global aviation sales market. Under such
conditions, other aviation equipment
enterprises, in particular the Ukrainian
enterprises «Antonov» and «Motor Sich»,
need to use proactive risk management
procedures and plan mandatory changes in
the design of aviation equipment. This will
allow them to maintain a segment in the
market and contribute to the greening of the
industry.
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The use of the CO2 Standard is a robust of the industry's work allows it to be a

evolution of the sustainability toolkit for necessary component to achieve the United

global, regional and national air transport. Nations Sustainable Development Strategic
Regulation of the environmental component Goals.
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CONCEPTUAL PRINCIPLES OF THE "GREEN" TECHNOLOGIES
INTRODUCTION IN THE LOGISTICS ACTIVITIES OF UKRAINIAN
COMPANIES IN THE CONTEXT OF THE IMPLEMENTATION OF
EUROPEAN ENVIRONMENTAL PROGRAMS

Sergiy Grytsenko, Lidiia Savchenko, Serhii Kryshtal. "Conceptual principles of the "green"
technologies introduction in the logistics activities of Ukrainian companies in the context of the
implementation of European environmental programs". The article reveals the essence of the conceptual
approdach to "green" technologies in the logistics activities of enterprises. The concept of "green" technologies
has been clarified as technologies that use environmentally safe production processes and supply chains in
comparison with the production methods traditionally used at enterprises.

The role and opportunities of Ukrainian environmental logistics in the European Green Deal have been
studied. It has been established that the European Green Deal is a program of the European Union aimed at
protecting the climate and the environment. This program is aimed at making the economies of the European
Union countries more resource-efficient, canceling greenhouse gas emissions by 2050 and separating economic
growth from the use of natural resources.

Currently, Ukraine is only planning to join the European Green Deal, declaring in the National Economic
Strategy the intention to achieve climate neutrality by 2060.
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The state and general trends of the development of strategic logistics infrastructure projects of Ukraine in
the context of the implementation of the Green Deal and Digital Europe programs are analyzed. The Europian
Green Deal is a dynamic instrument that is at the stage of formation.

The purpose of the article is the development of theoretical and methodological foundations, applied
recommendations regarding the prospects of "green" technologies in the logistics activities of Ukrainian
enterprises: their concepts and features of implementation within the framework of the European Green Deal
and Digital Europe programs, "European Union for the Environment" (EU4Environment), development of
sustainable logistics in Ukraine, features of application in specific logistics processes, problems and prospects,
logistics strategy of Ukrainian enterprises.

The process of applying "green" technologies in supply chain management is analyzed. In the logistics
chain, processes related to supply, production, warehousing, transportation and distribution are involved,
therefore, logistics activities are focused not only on the internal business processes of the enterprise, but also
have a significant impact on the environment and contribute to the emergence of negative environmental
consequences.

In connection with the above, the concept of "green” (sustainable) supply chains, which provides for a
minimal harmful impact on the environment during the implementation of logistics business processes, has
recently become widespread.

Keywords: ecology, supply chains, logistics activity, environmental strategy, European Green Deal,
transport logistics, decarbonization.

Cepeiti puyeHko, Jlidis Cas4eHko, Cepeiti Kpuwmane. «<KoHyenmyaneHi 3acadu npoeaodxeHHsA
«3e/leHUX» MmexHoJ1oe2ili 8 1o2zicmuy4Hy OisinbHicmMe nionpuemcme YKpdiHu e KoHmekcmi peanizayii
€8ponelicbKux eKoslo2iYHUX npozpam». Y cmammi po3Kpumo CymHicme KOHUenmyasnbsHo20 nioxody 00
«3e/1eHUX» MexHooRil 8 Js02icMuyYHili  0ialbHOCMI NiONPUEMCME. YMOYHEHO NOHAMMA «3e/1eHUX»
mexHos102ili AK mexHo102ill, WO BUKOPUCMOBYIOMb eKoJ102i4HO 6e3neyHi 8UpobHUYI npoyecu ma naHyrau
NOCMAyaHHA y NOPIBHAHHI 3i cnocobamu 8upobHUYMEd, W0 BUKOPUCMOBYIOMbLCA HA nidnpueMcmeax
mpaduyitiHo.

JocnioxeHo pone i mMmoxnueocmi yKpdiHCbKOI ekonoeicmuku 8 €sponelicbkoMy 3e/1eHOMY KypCi.
BcmaHoeneHo, wjo €sponelicbkull 3es1eHUl Kypc — ye npozpama €sponetlicbko2o Coro3y, AKa HanpasseHa Ha
3axucm KaiMamy ma HAsKoIUWHbL020 cepedosulyd. JJaHa npoepama HayineHa 3pobumu eKoOHOMIKY KpaiH
€sponelicbko2o Coto3y binbw pecypcoepekmugHoro, aHynosaswu 00 2050 poky 8UKUOU NAPHUKOBUX 2d3ie
ma 8i0oKpeMuBsLIU eKOHOMIYHE 3pOCMAHHA 8i0 3aCMOoCy8aHHA NPUPOOHUX pecypcis.

Ha cb0200Hi Ykpaita mineku nnaHye npuedHamucs 0o €8ponelicbKo20 3e/1eH020 KypCy, NPo20/10CcuswU
8 HayioHaneHil ekoHoMiyHil cmpamezii Hamip docazmu KaimamuyHoi HetimpasneHocmi 0o 2060 poky.

lpoaHanizogaHo cmaH ma 3az2anbHi MeHOeHYii po3BUMKY CmMpamezidyHux J102iCMUYHUX
iHppacmpykmypHuUx npoekmie YkpaiHu 8 koHmekcmi peanisayii npoepam Green Deal i Digital Europe.
Europian Green Deal - ouHamidHudl iHcmpymeHm, wo nepebysae Ha cmadii popmysaHHA.

Memoto cmammi € po3pobka meopemuko-mMemoOUYHUX OCHO8, NPUKIAOHUX pekoMeHOauili Wooo
nepcnekmueg «3esleHUX» mexHoJ102ili 8 s102icmuyHil dianbHOCMi niOnpueMcme YKkpaiHu: ix noHAmMmsa ma
0c06/1uB0CMI 8NPOBAOXKEHHA 8 pamkax €sponelicbko20 3eseH020 Kypcy ma npozpam Green Deal i Digital
Europe, «€sponelicokuti Coro3 014 0oekinna» (EU4Environment), po38umok «3esieHoi» 102icmuKu 8 YKpaiHi,
0Cco6/1uB0CMI  3aCMOCYBAHHA 8 KOHKPeMHUX J1I02iCMUYHUX npouyecax, npobriemu ma nepcnekmusu,
Jio2icmuYHa cmpamezis yKpaiHCbKUx nionpuemcmes.

[poaHanizo8aHo npoyec 3acmMoCy8aHHA «3e/IeHUX» MexXHOJ102ill 8 ynpdeniHHI IGHUY02aMu NOCMAayaHe.
B nozicmuyHomy naruyto3i 3adisHi npouecu, NO8’A3aHi 3 NOCMAYAHHAM, 8UPOBHUUMBOM, CK/1A0y8AHHSAM,
mpaHcnopmy8aHHAM ma po3nooisiom, Omxe, 102iCMUYHA OifsbHICMb 30CepedXeHad He Jluwie Ha 8HYMPIilHIX



The electronic scientifically and practical journal 15-26
“INTELLECTUALIZATION OF LOGISTICS AND SUPPLY CHAIN MANAGEMENT”, v.13 (2022)
ISSN 2708-3195 https://smart-scm.org

bi3Hec-npoyecax nionpuemcmea, asne U 30iliCHIOE 3HaYHUU 8NJIUB HA HABKOJIUWHE cepedosullie ma cnpuse
BUHUKHEHHIO HeeamusHUX eKOJ102i4HUX HACioKie.

Y 38’a3Ky 3 sulweHase0eHUM OCMAHHIM 4acom HAOY8AE NOWUPEHHS KOHUeNUis «3e/leHUxX» J1aHYtozie
nocmayaHe, wo nepedbayde MiHiManbHUU WKIOAUBUU 8nJU8 HA 308HIWIHE cepedosulle npu 30ilCHEHHI
Jio2icmuyHux b6izHec-npouyecis.

Knioyoei cnoea: ekonorictuka, naHUlory noctavaHb, IOFiCTMYHA JiANbHICTb, €KONOrivHa cTpaTeria,
€BpONencbKnii 3eneHniA Kypc, TPAHCMOPTHA NOriCTUKa, feKapOoHisaLis.

Cepzeii lpuyenko, Jludua Cas4yeHko, Cepzeli Kpoiwmans. «KoHyenmyanbHoie OCHO8bI
8HeOpeHUsA «3eJleHbiX» MexHoso2ull 8 Jlo2UuCMuUYecKylo oeameslbHOCMb npednpuamuli YKpauHel e
KOHMeKcme peasiusayuu eeponelickux 3Ko/102u4eckux npoepamm». B cmamee packpsima cywHocme
KOHUeNnmMyasibH020 N00X00a K «3e/1eHbIM» MeXHOI02UAM 8 jlo2ucmuyeckol desmesibHocmu npednpuamudi.
Ymoy4HeHo noHAMue «3eeHblx» mexHoI02uli KaK mexHo/102ul, UCnoIb3yIoWUX 3Koa02u4ecku 6e3ondcHvle
npou3soocmeeHHble Npoyeccsl U yenu NoOCmMAsoK NO CPABHeHUl0 CO cnocobamu npou3soocmead,
UCnosb3yemMbiMU Ha NpednpuamuUAX mpacuyuoHHO.

WiccnedosaHsl posib U 8O3MOXHOCMU YKPAUHCKOU 3Koso2ucmuku 8 Esponelickom 3eneHom Kypce.
YcmanoseneHo, umo Egponelickuli 3eseHbit Kypc — 3mo npozpamma Eeponetickozo Coto3d, HanpdsaeHHAA Ha
3awumy Kaumama u okpyxarowel cpedsl. [JaHHaa npozpamma HayesneHa coeiame 3KOHOMUKY CMpPaH
Esponetickozo Coto3a bonee pecypcospgekmusHol, aHHynuposas K 2050 2. 8bI6pOCbI NAPHUKOBbLIX 2A308 U
omoesiu8 3KOHOMUYECKUU pocm om NpUMeHeHUsA NPUPOOHBIX Pecypcos.

Ce200HA YKpauHa mosnbKo naaHupyem npucoeduHumecsa K Egponelickomy 3eneHomy Kypcy,
npososenacus 8 HayuoHanvbHOU 3KOHOMuUYeckoU cmpameauu HamepeHue 00CMUYL KauMamuyeckou
HelimpanbHocmu K 2060 200y.

lMpoaHanu3uposaHsl cocmosAHue u obuue meHOeHYUU pa3sumus cmpamezuyecKux 102ucmuyeckux
UHGpacmpykmypHbix npoekmoas YkpauHsl 8 KOHmMeKcme peanusayuu npoepamm Green Deal i Digital Europe.
Europian Green Deal - OuHamu4HbIl UHCMPYMEHM, HaxXo0AUWUUCA Ha cmaouu hopMUPOBAHUA.

Leneto cmameu sengemcs paspabomka meopemuKko-MemoouYeckUx OCHO8, NPUK/IAOHbIX
pekomeHOayuli N0 nepcnekmMuBsam «3es1eHbix» mexHos102ull 8 Jo2ucmudyeckol desmesnbHocmu npednpuamud
YKpauHsl: ux noHAMUA u ocobeHHoCcMu 8HedpeHus 8 pamkax Esponelickoeo 3eneH020 Kypca u npo2pamm
Green Deal u Digital Europe, Esponelickuli Corwo3 0ns okpyxatowel cpedsl (EU4Environment), pazsumue
«3esieHol» 102UCMUKU 8 YKpauHe, 0COBEHHOCMU NpUMeHEeHUSA 8 KOHKPemHbIX J102UCmuYeckux npoyeccax,
npobsieMel U NepcnekmMu8sl, 102UCmuYecKkas cmpamezus yKpauHcKux npednpuamudi.

lMpoaHanu3uposaH npoyecc npuMeHeHUs «3e/IeHbIX» MexHo/102ull 8 ynpasseHuu yenamu Nocmasok. B
Jloeucmuyeckoll  yenu 3a0elicmeoBaHbl NPOUeECChl, CB8A3AdHHble C CHabxeHueMm, npou3so0CmMBoM,
CKaoduposaHueMm, — MpAaHcNopmuposkol U pacnpedesneHueM,  C/1e008amMesbHO,  Jlo2UCMmuYeckas
OdeAamesibHOCMb COCPedOMoYeHa He MOJIbKO HA 8HYymMpeHHUX bu3Hec-npoyeccax npednpusmus, HO U
0Ka3bigaem 3Ha4UMesIbHoe 8/IUAHUE HA OKPYXAWYHo cpedy U cnocobcmayem 803HUKHOBEHUIO HE2AMUBHbIX
3KoJs102U4eCKUX hoc1edcmaud.

B c8s3u ¢ sbitienpusedeHHbIM 8 NOC/IEOHee 8peMs NoJlyHaem pacnpocmpaHeHue KOHUeNnyus «3e/1eHbIX»
yeneli NocmMasok, npedycMampugaruwds MUHUMAJIbHOE 8pedHOe B/IUAHUe HA BHeWHIo cpedy npu
ocywecmeasieHuU sioeucmuyeckux busHec-npoyeccos.

Knioyeegble coea: 5KonorncTnka, Lenm nocTaBoK, NOrncTnyeckasn AeaTenbHOCTb, IKoormyeckas
cTpaTterus, EBponeicknii 3eneHblin Kypc, TpaHCNOPTHAA NOrMCTUKA, AekapboHu3auums.

Introduction. At the current stage of protection is gaining relevance, because
development, the consideration of logistics as logistics deals with the supply of raw
one of the factors of environmental materials to the enterprise, the movement of
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semi-finished products within the enterprise,
the transportation of finished products to
warehouses and the delivery of goods to
customers. With the appearance in science of
the concept of "green" logistics, which is
based on resource-saving and
environmentally  safe  processes and
technologies, it began to be called ecological
logistics (ecologistics) [1, p. 8].

As a result of the definition of the concept
of "green" logistics (ecologistics), the concept
of "green" technologies becomes clearer.
Thus, green technologies can be called such
technologies that use environmentally safe
production processes and supply chains in
comparison with the production methods
used at enterprises traditionally.

Today, "green" technologies are used in
the environmental, economic, technological
and innovative spheres of state policy. They
are applied when solving the issue of
processing and disposal of waste, the
implementation of alternative sources of
electrical energy [2].

Environmentalism takes a leading place
and plays an important role in the European
Green Deal. The European Green Deal is a
program of the European Union aimed at
protecting the climate and the environment.
The program is aimed at making the economy
of the European Union countries more
resource-efficient by canceling greenhouse
gas emissions by 2050 and separating
economic growth from the use of natural
resources [3].

The European Union seeks to motivate
other states by its own example. That is, by
developing a "green" economy and "green"
logistics in particular, the European Union will
achieve stable economic growth and make
the entire planet cleaner and safer. Today,
Ukraine also seeks to develop "green"
logistics, as it seeks to gain economic benefits
from the global movement towards climate
neutrality and to clean up the environment of
the planet.

Therefore, the  main  task  of
environmental logistics is to ensure the
minimization of damage to the environment
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due to restrictive conditions regarding the
use of natural resources in the sphere of
supply, production and sales.

For the development of "green" logistics
at Ukrainian logistics enterprises, the
enterprise itself must actively cooperate with
state and local authorities, other enterprises
and citizens who are final consumers of
logistics services.

"Green"  technologies must be
implemented at each company taking into
account the needs of customers of logistics
services, their wishes and needs.

Today, the majority of Ukrainian logistics
enterprises have joined the policy of
decarbonization and implementation of the
European Green Deal.

Analysis of recent research and
publications. In the economic literature, a lot
of attention is paid to the issue of
“environmentalization” of logistics activities
of enterprises [4-16].

Research also revealed ways to reduce
the impact of logistics systems of enterprises
on the environment.

However, the highlighted approaches to
improving the greening of logistics activities
of enterprises do notinclude prospects for the
introduction of "green" technologies in the
work of logistics companies of Ukraine, which
requires further research.

The aim and task of the research:
development of theoretical and
methodological foundations, applied
recommendations regarding the prospects of
"green" technologies in the logistics activities
of Ukrainian enterprises: their concepts and
features of implementation within the
framework of the European Green Course,
Green Deal, Digital Europe and European
Union for the Environment
(EU4Environment), development of "green"
logistics in Ukraine, features of application in
specific logistics processes, problems and
prospects, logistics strategy of Ukrainian
enterprises.

Main material and research results.

Deterioration of the environment is a
consequence of the intensive globalization
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process in international business. In order to
survive, the economy must be reorganized in
such a way that the industry is fully integrated
with an efficient sustainable infrastructure
and the introduction of "green" technologies
into the logistics activities of enterprises [16].

The use of "green" technologies at
enterprises is currently considered a new
business philosophy based on a resource-
saving concept, the implementation of which
in the economy helps:

— reduce damage to the environment by
means of restrictive conditions for the use of
natural raw resources in the sphere of supply,
production and sales;

— choose a rational vector of business
development using "green" energy and its
combination with traditional energy sources;

— activate creative development,
strategic thinking of managers at various
levels;

— carry out "green" restructuring of the
enterprise and its meaningful functional
support;

— optimize transport flows to meet the
material and technological needs of
production;

— alleviate the environmental crisis
thanks to waste recycling;

— reduce costs from "freezing" of capital
in the form of inventory due to
environmentally-oriented business plans and
coordination of business partnerships;

— activate innovative activities of
enterprises during the implementation of
environmental standards for production,
packaging, storage and transportation;

— strengthen the competitiveness of
business processes thanks to the use of
environmentally friendly "green"
technologies and energy- and resource-
saving equipment;

— involvement of alternative energy
sources to perform functions in the field of
supply, production and sale of finished
products;

— enrich the marketing information
system of enterprises thanks to the formation
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of  environmental information and
environmental monitoring of logistics
marketing networks;

— multiply the economic and social
effect by applying a reduction in the cost of
resources per unit of manufactured products
or services, as well as to increase labor
productivity in the logistics chain of creating
added value;

— increase the investment attractiveness
of Ukrainian entrepreneurship.

The problem of efficient processing of
waste and its reuse requires special attention
in Ukraine. An important aspect is also the
improvement of the efficiency of the use of
partially renewable energy resources (wood,
water, land resources) and the gradual
transition to "clean" energy sources.

The main environmental
implemented in Ukraine include:

— reuse of containers, which reduces
packaging costs;

— thermal insulation of warehouses,

measures

which increases the heat output of
warehouses, reduces energy costs for
heating;

— rejection of paper document
circulation, which saves costs for paper,
cartridges, electricity, printers, document
archiving, and also stimulates the
introduction of modern management
systems;

— planning of optimal routes for
transportation of finished products, reduction
of idle time and reduction of fuel
consumption, freight consolidation and use
of railway transport [17, p. 284].

Thus, domestic enterprises should
implement effective environmental methods
and tools, taking as an example of
transnational corporations such as Toyota,
Xerox, Johnson & Johnson, Honda,
Volkswagen, Hewlett-Packard, Casio, Sony, for
which the key incentive is the desire to form
socially responsible image of the company.

Taking into account the foreign
experience of countries that also implement
the Green Deal and Digital Europe programs
in their own business activities will contribute
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to the effective integration of
environmentalism at domestic enterprises of
many  industries.  Therefore, logistics
department specialists should:

— introduce "green" innovations into
supply chains;

— ensure waste recycling;

— introduce energy and resource saving
at the enterprise;

— choose  suppliers
environmental strategy;

— toensure the production of eco-goods
and the provision of services that are not
harmful to the environment;

— use ecological packaging and
containers reduced in size and materials;

— control  indicators of  harmful
emissions into the atmosphere [18, p. 213].

It is interesting to note that modern
products of the IT industry, for example, ERP
systems, which are actively and effectively
used to manage internal and external
resources of the enterprise, can solve the
problems of logistics companies in terms of
reducing a significant amount of paper waste,
transport downtime, personnel costs, etc.

Thus, the development of strategic
logistics infrastructure projects in the context
of the implementation of the Green Deal and
Digital Europe programs is a promising
direction of activity for Ukraine today and
should ensure a balance between the
economy and environment.

The application of "green" technologies
in supply chain management is implemented
as follows:

1. Supply. Interaction with suppliers,
which involves reducing iterations in supply
chains, the possibility of supplying
environmentally-friendly and safe materials,
implementing recycling, reducing
anthropogenic load on the soil during the
storage of material resources and their
transportation from suppliers.

2. Production. Minimization of the use of
non-recyclable raw materials and packaging,
use of energy-saving technologies, maximum
reuse of production waste, recycling of waste,

focused on
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application of the latest technologies for the
use of secondary raw materials.

3. Storage. Provision of environmentally
safe storage technologies, thermal insulation
of warehouses, which contributes to reducing
energy costs for heating and reducing the
overall burden on the environment.

4. Transportation. Planning of optimal
routes, reduction of idle time in congested
flows and reduction of fuel consumption, use
of multimodal technologies, which will
contribute to the reduction of harmful
emissions into the atmosphere.

5. Distribution. Reduction of the volume
of solid waste in the process of finished goods
delivery, use of “green” packaging materials,
selection of sales channels according to the
criterion of impact on the environment.

In recent years, "green" technologies
have become a newfangled trend among
Ukrainian logistics enterprises, that is, such
enterprises are increasingly using
technologies that do not cause or minimize
damage to the environment. The negative
aspects of this process are associated with the
increase in logistics costs due to the use of
"green" technologies. However, despite this,
in today's competitive market conditions,
logistics enterprises have no other way out
than to switch to "green" logistics in order to
reach the international level, meeting
European standards, to consolidate their own
positions in the international market, in which
the use of "green" technologies will soon
become mandatory.

In order to save money, Ukrainian
logistics companies, in particular Nova
Poshta, Meest Express, Ukrposhta, Ukrkuryer
and others, use the following "green" logistics
measures:

— returnable packaging, which
significantly saves costs for packing parcels
and other shipments, especially large ones;

— thermal insulation of warehouses,
which helps to save electricity for heating, and
at the same time to pay less utility bills;

— rejection of paper document
circulation, which leads to reductions in costs
for paper, printers and electricity;
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— rational planning of transportation
routes, freight consolidation, use of rail
transport for transportation, which leads to
reduction of CO2 emissions into the air.

The Meest Express company has
introduced a program for the absorption of
greenhouse gases, which consists in financing
the planting of forests and their care from
funds in the amount of UAH 1 for each parcel
paid by the client. The Nova Poshta company
is expanding its own fleet of electric cars and
plans to purchase electric cargo vans for
transportation in order to reduce CO2
emissions. The Ukrposhta company is testing
the delivery of parcels using drones.

Logistics companies of Ukraine have
proven that reducing pollution and negative
impact on the environment increases the
company's competitiveness. Environmental
pollution is currently considered an economic
waste, as it is a consequence of the company's
inefficient use of resources and irrational
management.

One of the key signs of the modern
development of the world economy is the
tendency to expand the scale, intensifying the
exchange and movement of goods, capital,
raw materials, financial and labor resources.
The increase in the pace of import and export
operations, together with other forms of
international cooperation, became possible
thanks to the intensive development of the
transport and logistics infrastructure, which is
accompanied by an increase in the number of
vehicles not only in the regional, but also in
the global transport fleet.

15-26
v.13 (2022)
https://smart-scm.org

The functioning of transport logistics is
connected with the growth of consumption
of material and energy resources and
emissions of harmful substances, in particular
greenhouse gases. The process of
carbonization leads to a decrease in the
content of hydrogen and oxygen and an
increase in carbon in the atmospheric air. This
leads to an increase in anthropogenic burden
on the environment.

Therefore, the issues of "greening" of
transport and decarbonization in order to
increase environmental safety and reduce
harmful ecological and economic
consequences for the environment and
human health are in the center of attention of
the world community, demanding an urgent
solution.

The analysis of economic, social and
environmental relations in the "transport -
environment" system allows to identify the
factors of indirect negative impact at the
following levels: legal, economic,
environmental and social (Table 1).

Transport companies are forced to
develop and apply effective approaches to
resource and energy flow management,
decarbonization of their activities in order to
reduce ecological and economic damage
caused to the environment, and ensure
effective  innovative  development  of
transport activities in general.

Table 1 - Characteristics of the impact of transport logistics on the global ecosystem by
groups of factors

Group of factors Impact characteristics
Normative and | 1. Weakness, imperfection of the environmental policy of the country, enterprise.
legal 2. Outdated environmental requirements, regulations, standards that require revision

for vehicles and transportation organization, etc.

Economical 1. Traffic congestion.

2. Excessive expenditure of material and energy resources.
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End of Table 1

Group of factors

Impact characteristics

change.

4. Noise pollution.

Ecological 1. Emissions of pollutants, including greenhouse gases. Global warming and climate

2. Consumption of non-renewable material and energy resources.
3. Generation of waste (tires, packaging, used lubricant).

5. Destructive impact on ecosystems, reduction of biodiversity, disappearance of
certain species of plants and animals.

hubs, etc.).

Social 1. Impact of pollution on human health and living conditions.

2. Increasing the danger on the roads (accidents).

3. Congestion of roads, which hinders passenger flow.

4. Destruction of green spaces and development of open space (logistics warehouses,

5. Accelerated moral and physical wear and tear of transport infrastructure facilities.

Source: compiled by the authors based on [19, p. 165, 20].

So, the set of indisputable facts about the
negative effects of transport logistics on the
environment, as well as additional economic
advantages for transport companies, confirm
the need for greening transport logistics. On
the other hand, a detailed analysis of existing
"green" practices,  approaches  and
technologies has shown their contradictory
nature regarding safety for the environment
and human health. The assessment of the
basic characteristics of logistics systems in the
context of compatibility with environmental
protection  measures showed some
discrepancy  between economic  and
environmental results, which is commonly
called the paradoxes of greening, including
the decarbonization of logistics (Table 2).

The analysis of the existing negative
effects of transport logistics on the
environment and the economic advantages
of greening transport activities explain the
growing interest of manufacturers and
society in the use and development of "green”
technologies in transport logistics, its
decarbonization.

However, some issues have not been
studied yet due to the complexity and
unpredictability of the consequences of their
practical solution (paradoxes of “green”
logistics). All this determines the need for a
detailed study and further deepening of
theoretical and practical provisions regarding

the management of transport activities based
on the principles of ecologistics and
sustainable economic development.

The environmental strategy of logistics
enterprises of Ukraine within the framework
of the international program "European
Union for the Environment"
(EU4Environment) [22] is continuously
developing  through  the use  of
environmentally safe materials for packing
parcels, sorting garbage at branches, re-
equipping the fleet, introducing electronic
document flow, using modern and effective
technologies for measurement of CO2
emissions of harmful substances into the air
and other.

According to the goals of the
international program "European Union for
the Environment" Ukraine provides:

— increase national responsibility and
speed up the greening of the economy of its
state;

— increase environmental awareness of
the population and its environmental
education;

— implement the transition to "green"
logistics and "green" economy, influence the
recognition of this strategy by the population;

— implement resource-efficient and
clean production methods at Ukrainian
industrial enterprises;
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Table 2 - Paradoxes of logistics greening

Indicator Approach to achieving results Paradox
Costs - renewal of vehicles; Environmental costs are mainly
- reducing the consumption of energy | external, i.e. costs are incurred by
resources and/or their replacement | third parties who are not involved in
(for example, replacing gasoline with | transport and logistics activities
gas fuel);
- improvement and/or reduction of
packaging material;
- reduction of waste volumes
Time/Flexibility | - integrated supply chains; The expansion of warehouse
- "Just-in-time" and "Door-to-Door" | networks and/or the increase of areas
logistics concepts for warehouse premises lead to the
removal of additional land plots from
general or agricultural turnover, an
increase in the consumption of energy
resources, and, as a result, an increase
in the volume of emissions of harmful
substances (COz, NO, etc.)
Warehouse - development of transport and | Localization of environmental impact
networks logistics networks (warehouses, | around transshipment points.
hubs, etc.); Increasing  pressure  on  local
- reducing the need for private | communities
warehouses

Source: compiled by the authors based on [21, p. 339-350].

— implement strategic approaches to
the waste management process;

— support "green" reform in the
economy;

— acquaint Ukraine and its population
with the united market of "green" products
and conduct its wide demonstration.

Regarding the practice of applying an
environmental strategy  within the
international program "European Union for
the Environment", it is worth noting that this
program is most actively implemented by the
Ukrainian company Meest Express, which
began cooperation with the European Bank
for Reconstruction and Development (EBRD)
in the field of implementing a comprehensive
system of environmental initiatives [23].

Interest in the development of ecology
among companies, the government and the
public is growing rapidly, especially because
traditional logistics cannot meet the demands

of modern society, but has a huge impact on
the environment.

There are barriers to the implementation
of environmental science, which are related to
the environment: lack of necessary skills and
technologies; lack of professional
consultations; uncertainty of the result;
participation of certifiers/verifiers; lack of
resources; implementation and maintenance
costs.

These barriers are also characteristic of
Ukrainian enterprises. In particular, the low
quality of Ukraine's transport infrastructure,
which is present in all its components,
becomes a significant obstacle to the use of
more environmentally-friendly transport. The
situation is complicated by insufficient
interaction between different branches of the
transport sector, low investment inflow, an
outdated regulatory system and a high
degree of wear and tear of fixed assets [24, p.
86].
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Ukraine has an advantageous
geographical location in Europe, as it is a
transit country, and therefore it is obliged to
have a high logistics potential with the
introduction of "green" logistics measures,
which is especially important in wartime.

Conclusions. The concept of "green"

logistics includes: environmentally safe
transportation and  storage; resource
conservation;  personnel  responsibility;

introduction of IT technologies; waste
minimization; waste recycling.

15-26
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"Green" logistics is aimed at managing
supply chains in order to minimize
environmental, social, and economic damage
and create additional value for the consumer
through the use of resource- and energy-
saving technologies.

In general, the implementation of "green"
technologies in the work of logistics
companies is completely economically
justified, it increases the competitiveness of
the enterprise, opens the way to international
markets, attracts a larger number of
consumers.
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MATHEMATICAL METHOD OF ASSESSING THE POTENTIAL USE
OF LOGISTICS INFRASTRUCTURE

Mariya Hryhorak, Lesia Kostiuchenko, Oleh Harmash. «<Mathematical method of assessing the
potential use of logistics infrastructure». The article reveals the content of the interpretation of the potential
of logistics infrastructure concept. The main approaches to determining the logistics potential are described, on
the basis of which a methodology for assessing its use is proposed. The purpose of the article is to research the
components of the potential of logistics infrastructure objects and develop a mathematical model for its
assessment. The author's understanding of the logistics potential of the logistics infrastructure is based on an
integrated vision of the potential. Such integration has the form of a three-dimensional model with a "resources-
abilities-competencies” coordinate system. The resource plane of such a model reveals the phenomenon of
transformation of opportunities into abilities. In turn, abilities through their disclosure, consolidation and
renewal with the help of training are transformed into competences.

The proposed mathematical model of assessing the integral potential of the logistics infrastructure of the
enterprise is performed taking into account its life cycle. This approach ensures the objectivity of the assessment
of the integral potential. This can provide an assessment of the potential in view of three components that
provide directions for the formation and use of logistics infrastructure facilities: resourceful (assessment of
material or energy intensity), organizational (efficiency of management, coordination, etc.) and functional
(functional infrastructure components, blocks, etc.). Each of these components is characterized by a set of
parameters, the assessment of which reflects their compliance with a certain stage of the life cycle of the object
under study. The correct selection of a group of parameters is important. In particular, such a group of
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parameters can be: compliance as a complete set of necessary functions, operations, properties, etc.; excellence
as a level of innovative development, informatization, digitization, etc.; usefulness as a level of specialization or
versatility (capacity); relevance as a level of expediency, need for use, etc.; relevance as the possibility or
suitability of being replaced by a similar means or resource. In this way, the integration of the potentials of
individual elements of each direction of formation forms the overall potential of the logistics infrastructure
object.

Keywords: logistics infrastructure, logistics infrastructure potential, potential application
assessment method, potential assessment model, integrated logistics infrastructure potential.

Mapia [lpuzopak, Jleca Kocmiouenko, Onez lapmaw. «MamemamuyHuli Memood OUYiHKuU
B8UKOpUCMAHHA NomeHyiany noz2icmu4Hoi iHhpacmpykmypu». ¥ cmammi 00cnioxxeHoO mpakmyeaHHs
noHAMMA nomeHyiany nozicmuyHoi iHgppacmpykmypu. OnucaHo 20/108Hi NiOXoo0u 00 BU3HAYEHHA
J102iCMUYHO20 NOMeHYiany HA OCHOBI AKO20 3aNPONOHOBAHO MemOOUKY OUiHKU Ui020 B8UKOPUCMAHHA.
Memoto cmammi € docnidxeHHA cknadosux nomeryiany ob’ekmis nozicmuydHoi iHppacmpykmypu ma
po3pobka mamemamuy4Hoi mModesni (1020 OUiHKU. ABMOPCbKe PO3yMiHHA J102iCMUYHO20 NomeHyiany
J102icmuyYHoI iHbpacmpykmypu rpyHmyemsca Ha iHmezposaHomy 6adeHHi nomeHyiasny. Take iHmezpysaHHA
Mae hopmy mpusumipHOi MoOesi 3 cuCmemMoto KOOpOUHAmM «pecypcu-30amHocmi-komnemeHuii». PecypcHa
nJIoWuHAa makoi Mooeni po3Kpusae peHoMeH nepemaeopeHHA Moxusocmeli 8 30amHocmi. Y cgoto Yepay
30amHocmi Yepes ix po3Kpumms, 3aKpinsieHHA U OHO8/1IeHHA 3a 00NOMO20I0 HABYAHHA MPAHCHOPMyoMbCA Y
KomnemeHuii.

3anponoHogaHa Mamemamuy4Ha Mo0esb OUIHKU iHMe2paabHo20 NOoMeHuiany J102iCMuUYHoI
iHppacmpykmypu niOnpuemMcmea BUKOHAHe 3 ypaxy8aHHAM U020 XUmmesozo Uuksy. Takul nioxio
3a6e3neyye 06'eKMUBHICMb OUYiHKU iHMezpanbHO20 nomeHuiany. Lle moxe 3abeaneyumu oyiHKy nomeHyiasy
3 027170y Ha Mpu cKk1adosi, AKi 3abesnedyromes HaNPAMU POPMYBAHHA | BUKOPUCMAHHA 06'ekmie 1o2icmuyHoi
iHpppacmpykmypu: pecypcHy (OUiHKaG Mamepiano- 4u eHep2OEMHOCMI), Op2aHi3auiliHy (ecpekmusHicmo
YyNpasniHHA, 310200KeHHA Mowo) ma yHKYioOHANbHY ((hyHKUIOHANBHUX IHpacmpykmypHUX CK1adosux,
6s10ki6 mowjo). KoxHa 3 yux ck1aoo8uUX XAPAKMepU3yeEMbCA CYKyNnHiCmio napamempis, OUiHKA AKUX
8idobpaxae ix 8i0NogiOHIcMb negHili cmadii Xummeeozo Yukly 00CIiOXy8aHo20 06’ekma. Baxusum €
npasuneHuli nid6ip epynu napamempig. 30Kpemad, MAkow 2pynolo napamempis MoOXyme 6Oymu:
8i0no8ioHicmb Ak nogHUl HAbip HeobxiOHUX ¢yHKYil, onepayili, eracmusocmeli moujo; 00CKOHAMICMb AK
pigeHb iHHOBAYilIHO20 po3sumky, iH¢opmamusayil, yugposizayii mowo; KopucHicme AK pigeHb
cneuianizauii/yHisepcanbHocmi  (0i€30amHOCmI); akmyansHicme AK pigeHb 0ouyiibHOCMI, nompebu y
B8UKOPUCMAHHI MOW0; 3HAYYyWicme AK MOX/1U8ICMb abo npudamHicme 00 3amiHU aHasno2iyHum 3acobom abo
pecypcom. Takum YuHOM iHMezpysaHHA NOMeHUiasnie OKpemux esleMeHmis KOXHO020 HaNPAMKY (hopMyB8aHHsA
YMBOPIOE CyKynHUU nomeHYiasl 102icmuYH020 iHhpacmpykmypHo20 06’ekmy.

Knruoei cnoea: norictvyHa iHppacTpyKTypa, NOTeHLian NOricTUUYHOI iHpPacTPyKTypH, MeTOANKA
OUiHKN BMKOPWUCTAHHA MNOTeHUiany, MOAeNb OUiHKM noTeHuiany, iHTerpasbHUin noTeHuian NoricTMYHoI

iHppacTpyKTypW.

Mapusa lpuzopak, Jleca KocmiwyeHko, Onez Napmaw. «Mamemamuyeckas mooesb OUeHKU
peanusayuu nomeHyuana no2ucmuyeckoll uHppacmpykmypeoil». B cmamee uccrnedosaHo sudeHue
NoHAMUSA nomeHyuasaa aoucmuyeckol uHgpacmpykmypel. OnucaHel 0OCHo8Hble N00X00bI K onpedesieHuUro
Jlo2UCMuUYecKko20 NOMeHYUaad, HA OCHOBAHUU KOMOpPO20 NpeodsioXeHa MemoOuKa OUeHKU e20
ucnosnb3o8aHus. Leneto cmameu Asnaemca ucciedosaHue cocmassaUWUX NOMeHYyuana ucnosib308aHUsA
06veKmo8 s02ucmuyeckoli UHppacmpykmypel, a makxe paspabomka mamemamuyeckol mMooesnu ezo
oueHKU. Asmopckoe 8ulOeHUe JI02UCMUYeCcKo20 NomeHyuana Jso2ucmuyeckol UHgpacmpykmypel
OCHOB8bIBAEMCA HA UHME2PUPOBAHHOM B8UOEHUU nomeHyuana. Takas uHmezpauyus umeem gopmy
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mpexmepHol modenu ¢ cucmemoli KOOPOUHAM  «pecypcbl-CNOCOOHOCMU-KOMNemeHyuu». PecypcHas
nyiockocme makol modesiu packpeiedem gheHoMeH npespauleHus 803MoXHocmeul 8 cnocobHocmu. B cgoro
ouepedb CNOCOBHOCMU CpedCMBOM UX PACKpblMus, yKpenseHus U OOHO8/IeHUsA, d MAakxe obyyeHus
MpaHchopmupyomca 8 KomnemeHyuu.

[pednoxeHHas Mamemamuueckas Mooeslb OUeHKU UHMezpaabHo20 NOMeHyuadna aoeucmuyeckoli
UHppacmpykmypel npednpusmus cocmaesieHa C y4emom e20 XU3HEeHHO20 Yukad. Takol nooxod
obecneyusaem 06vEKMUBHOCMb OUEHKU UHMe2pasibHO20 NOMeHYUaad. Smo Moxem obecnedums OUeHKy
nomeHyuana ¢ y4émom mpex cocmasasiowux, obecnequsarowux HanpasieHue @GOpMUpPOB8aHUA U
ucnonb308aHUs 06BEKMO8 J102UCMUYeckol UHGpAcmpykmypel: pecypcHas (oueHka mamepuasno- usau
SHEep2oeMKOCMU), Op2aHU3AUUOHHAA  (3ghhekmusHOCMb  ynpassieHus, CNJIOYEHHOCMU U m.n.),
(PYHKUUOHANbHAA ((PYHKUUOHANIbHBIX UHPpACmMpykmypHbeix cocmasnaoowux, 6;1o0koe u m.o.). Kaxoasa u3
3MUX COCMAasnAWUX XapaKkmepusyemcs COB0KYNHOCMbIO Napamempos, OUeHKa Komopsix omobpaxaem
ux coomgemcmaue onpedesieHHOU cMaouu XXU3HeHHO20 UUK/Id ucciedyemozo obvekma. BaxxHbim seasemcs
nNpasusibHell 86I60p 2pynnsl napamempos. B yacmHocmu, makoul epynnol napamempos moz2ym 6sime:
coomgemcmaue 8 Kadyecmee NnoJIHo20 Habopa Heobxodumebix ¢hyHKyul, onepayud, ceoticms u m.n.;
co8epwieHcmseo KAk yposeHb UHHOBAUUOHHO20 pd3sumus, UHGopmamusayuu, yugposusayuu u m.o.;
NosIe3HOCMb KAk yposeHb cneyuanusayuu/yHusepcanbHocmu (deecnocobHocmu); akmyanbHOCMb KAk
YpOBeHb YenecoobpasHocmu, nompebHOCMu 8 UCNo/Ib308aHUU U M.N.; 3HAYUMOCMb KAK 803MOXHOCMb UJU
CNOCOBHOCMb K 3aMeWeHUI0 aHan0208bIM CpedCmMB8OM UU pecypCcoM. MAkumM 06pa3om, UHmMe2puposaHue
NomeHyuan08 omoesibHbIX 3/1IeMEHMO8 KaX0020 HanpassieHus 06pasyem COBOKyNHbIi nomeHyuan
J102UCMUYeCK020 UHpacmpykmypHoz0 obsekma.

Knioueevwle cnoea: norvctmyeckas MHGPaCTpyKTypa, NOTEHLMAN IOTMCTUUYECKON MHPPACTPYKTYPbI,
MeTofVKa OLEHKIN UCMONb30BaHUA MOTEHLMANA, MOAENb OLIEHKM NOTEHUMaNa, MHTErpanbHblii MOTEHUMAN
NOTUCTNYECKOWN NHPPACTPYKTYPDI.

Introduction. The current stage of the
development of economic relations in
Ukraine is characterized by the emergence
and development of new relations, the basis
of which is the cooperation of producers,
suppliers, users for the purpose of integrated
management  of  business  processes
throughout the entire life cycle of products.
Non-production factors have a greater impact
on the economy of enterprises: sales, supply,
service, the effective implementation of
which is ensured by the maximum use of the
logistics infrastructure potential. Therefore,
today the research and development of
methodology for assessing the potential of
logistics infrastructure are gaining relevance.

Analysis of recent research and
publications. The problems of managing the
logistics infrastructure and directly defining
the logistics potential were investigated in

their works by such scientists as Hrytsenko S.I.,
Krykavskyi E.V. [4], Kovalev K.Yu., Levkovets
R.P.,, Pashchenko Yu.E., Sokolova O.E. [5],
Smerichevska S.V. etc. On the basis of their
scientific developments, a range of issues
regarding approaches to assessing the
potential of logistics infrastructure facilities
are also resolved. A fairly thorough analysis of
the definition of the term "logistics potential”
is presented in the publication [2]. Based on
the results of the terminological analysis, the
author identified different approaches to
determining the logistics potential (see
Table 1).

The purpose and objectives of the
study. The purpose of the article is to research
the components of the potential of logistics
infrastructure objects and develop a
mathematical model for its assessment.
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Table 1 — Generalization of approaches to determining logistics potential

Approaches Definition of logistics potential
Resourceful the possibility of using resources for logistics operations and functions
Effective the ability to ensure the achievement of the set goals of logistics activities
Effective and resourceful | symbiosis of resource and effective approaches

Source: developed by the authors on the basis of [3, p.281 - 284]

Basic material and results. In general
logistics infrastructure is a set of elements that
perform important logistics tasks and ensure
the implementation of logistics processes [1;
2]. In other words, it is an integrated set of
warehouse, transport, handling, packaging,
information and financial infrastructure of the
enterprise, which in the complex provide
effective logistic service of the material flow
according to the principle "from door to door"
with minimal costs in accordance with the
requirements of consumers. The given
definition indicates the need for effective use
of logistics infrastructure in the process of
coordination and maintenance of supply
chains, which also reinforces the relevance of
the study of assessment parameters of this
component of logistics.

The author's understanding of the
logistics  potential of the logistics
infrastructure is based on an integrated vision
of the potential. Such integration has the form
of a three-dimensional model with a
"resources-abilities-competencies”
coordinate system. The resource plane of
such a model reveals the phenomenon of
transformation of opportunities into abilities.
In turn, abilities through their disclosure,
consolidation and renewal with the help of
training are transformed into competences [2,
c. 285]. The implementation of a complex of
such opportunities takes place under the
conditions of the implementation of business
processes and self-organization processes
and contributes to the creation of value for
stakeholders. Based on such a position, it is
possible to define the logistics potential as
the ability of the logistics system to achieve its
strategic goals in the most effective way in
terms of time, quality and costs, taking into

account the influence of factors of its internal
and external environment.

Let's summarize the mentioned
theoretical positions of various scientists
regarding the definition of the economic
essence and the conceptual model of logistics
potential. Therefore, we offer an integrated
vision in the form of a four-dimensional
model with a "resources-capabilities-
management system-competencies"
coordinate system. In such a coordinate
system, the resource plane reveals the
phenomenon of the transformation of
opportunities into abilities, and abilities
through their disclosure, consolidation and
renewal through training are transformed
into competences. The realization of the
specified opportunities complex takes place
under the conditions of the implementation
of business processes and self-organization
processes and contributes to the creation of
value for interested parties (stakeholders).
The degree of satisfaction of the requests of
various stakeholders from the result of the
transformation of resources and the success
of the logistics system functioning in general
depend not only on the availability of
resources, but also on the knowledge and
skills  to combine them into single
technological and management processes,
that is, on intellectual and human potential.

On the other hand, modern scientific
developments of specialists in economics in
general and logistics in particular pay little
attention to the assessment of the use of
potential capabilities of logistics
infrastructure objects as a component of the
logistics system in general. At the same time,
there are often works devoted to the
assessment of the investment or competitive
potential of enterprises. The majority of
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authors are inclined to the opinion of the
expediency of using integral potential, taking
into account the life cycle of a certain
enterprise or logistics system.

The formation of the mathematical
model for assessing the integral potential of
the logistics infrastructure of the enterprise is
carried out taking into account the life cycle of
its objects. This approach ensures the
objectivity of the integral potential
assessment approach. This can provide an
assessment of the potential in view of three
components that provide directions for the
formation and use of logistics infrastructure
facilities: resourceful (assessment of material
or energy intensity) - R, organizational
(efficiency of management, coordination,
etc) - O and functional (functional
infrastructure components, blocks, etc.) — F.
Each component is characterized by a set of
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parameters, the assessment of which reflects
their compliance with a certain stage of the
life cycle of the object under study. The
correct selection of a parameters group is
important. In particular, such a group of
parameters can be (see Table 2):

— compliance (full set of necessary
functions, operations, properties, etc.) - C;

— excellence (level of innovative
development, informatization, etc.) - E;

— usefulness - level of specialization or
universality (functionality) — U;

— relevance (level of feasibility, need for
use, etc.) — Re;

— significance (possibility or suitability
for replacement by a similar means or
resource) — S.

Table 2 - The structure of the parameters of the assessment of the elements of the
logistics infrastructure potential formation

Directions of formation Evaluation parameters

Component Element | Compliance Excellence |Usefulness| Relevance |Significance

Resourceful VreR C E Ur Re; Sr
Organizational YoeO Co Eo Uo Re, So

Functional VfeF Ci Es Us Rer St

Source: developed by the authors on the basis of [1]

Then, at a certain life cycle stage of the
logistics infrastructure object, each potential
element is a function of the corresponding

VoeO:e, =f (C EU

oo

evaluation parameters according to the
following formulas:

Re,S));

VreR:e =f.(C,E,UReS); (1)
VfeF:e =1 (C,EUResS).

It is important to take into account that
each of the above-described elements of the
logistics infrastructure potential, in turn, is
influenced by other elements. Thus, logistics
infrastructure objects are characterized by

dependence not only on the corresponding
parameter estimates, but also on other
adjacent elements of the logistics system and
external conditions (see Table 3).
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Table 3 - The structure of parameters influencing the level of elements potential

Directions of formation Factor parameters
Component Element potential Resource Ol Functional element
element element
VfeF
Resourceful VreR VreR YoeO f
b & €o e
izati VfeF
Organizational voeo VreR VoeO 'f
Ps & €o e
. VfeF VfeF
Functional / VreR YoeO 'f
Pt €r € ef
Conclusions. The structure of the formation of individual evaluation

parameters of influence on the level of
potential by detailing the elements given in
Table 2 produces the following conclusion. At
a certain stage of the life cycle of a logistics
infrastructure object, the level of potential of
each individual element may have a different
value. Since the directions of potential

parameters of its elements are related to the
rest of the elements, and are influenced to

varying degrees by external

conditions.

Mathematically, this dependence is a function
of the corresponding parameters of other
elements:

VfeF:p, :fp, (e,.e,,e;),VreR,VoeO,
VoeS:p,=f, (e.e,e),VreRVfeF,
VreR:p, :fp/_ (e,.e,,e,),VoeO,Vf eF.

In this way, the integration of the
individual elements potentials of each
direction of formation forms the overall
potential of the logistics infrastructure object.

2)

Thus, there is structure of formation potential
factors in the table 4.

Table 4 — The structure of formation potential factors

Directions of formation Factor parameters
Formation SIS Organizational element|  Functional element
Component : element . i
potential . potential potential
potential
Resourceful Pr vr pe R
r
Organizational Po vOpe ©
0
. VfeF
Functional Pe 4 pef

Then, at a certain stage of the logistics

corresponding parameters of the potentials
of its elements:

infrastructure object's life cycle, the overall
potential of the logistics infrastructure object
will correspond to the function of the
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PO :fp(plapzs'“
Pp=fo(p1,Pyse-

Therefore, the integrated set of potentials
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3pr"“5pR);
Dy Do) 3)
sDyseesDp)-

parameters of the potential factors of its

of individual formations forms the integral formation and has the following
potential of the logistics infrastructure object. mathematical expression:
Within the defined stage of the life cycle, the
integral potential of a logistics infrastructure
object is a function of the corresponding
Plsz,(PRaPO:PF) abo P, =y11P, , (4)

ne P1 =PR; P2 =P0; P3 =PF.

Logistics infrastructure management in
modern economic conditions is characterized
by the presence of a large number of specific
features and problems, the main ones of
which are analyzed above. The given method
of assessing the potential of the logistics
infrastructure reflects a synergistic effect that
significantly affects the final results of the
performance of logistics functions. The
proposed approach requires more detailed
research, deeper analysis and the
development of new models for evaluating
the indicators of the use of infrastructure
facilities suitable for practical use.

It should be added that for a qualitative
assessment of factors affecting the realization

of logistics potential at the macro level, it is
advisable to take into account indirect effects.
For example, such indirect effects are
obstacles in the development of the logistics
system within the limits of its market
functioning. The main such obstacles include
the imperfection or lack of state policy and
state strategy, which affects the conditions of
conducting logistics business and the
possibility of realizing the logistics potential
of the country. Therefore, an important
subject of further research is the study of the
methodology for assessing the logistics
potential of the logistics services market,
which is an important element of the national
logistics system.
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GREENING OF THE MARITIME TRANSPORT PROCESS

Oksana Pozniak, Olexiy Antonov. “Greening of the maritime transport process” The article is
devoted to the study of the main trends in the greening of the maritime transport process. It has been proven
that in order to reduce the negative impact on the environment, the contribution of each logistics company to
the formation of ecological ecosystems must be systemic, and in order to ensure sustainable development,
logistics companies must implement investment and innovative projects in various directions that help reduce
the negative impact on the environment. This determines the main directions for the introduction of innovative
technologies that can be implemented in the process of shipping in order to green the activities of a logistics
company. Potential projects for the modernization of vehicles through their "greening" were studied to minimize
the negative impact on the environment and maintain the competitive position of logistics companies. Detailed
development and justification of the feasibility of implementing projects for a logistics company that supports
the concept of sustainable development and implements the Green Business strategy has been carried out. The
projects for the modernization of the transport infrastructure of a logistics company are analyzed, and the
advantages, disadvantages, and potential for their development are identified, which involves the introduction
of various "environmental" technologies, such as, firstly, the use of alternative fuel, namely liquefied natural gas,
and secondly, the use of technology, which is based on wind energy, which gives a clear reduction in fuel costs
and offers a more innovative solution; thirdly, the use of technology based on solar panels, innovative materials
in the construction of ships. It is substantiated that each project has different entry barriers for implementation
and initial investment, which determines the degree of risk and the possibility of implementing projects at
different periods of the life cycle of a logistics company on the path to implementing the Green Business strategy.
Using the methodology for evaluating the effectiveness of investment projects, the expediency of implementing
each investment project is substantiated and a comparative description of the corresponding calculations is
carried out. It is noted that "green" logistics has great potential for both a separate logistics company and the
entire logistics ecosystem.

Keywords: greening, shipping, modernization of vehicles, innovative technologies, sustainable
development strategy, "green" logistics.
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OkcaHa lNo3Hsak, Onekciti AHmoHos. «<EKonoezizayia mpaHcnopmHozo npoyecy 6 c¢hepi MopcbKux
nepegeseHb». Cmamms npuceayeHa 00C/TIOXeHHIO OCHOBHUX MeHOeHYil ekosozi3ayii mpaHcnopmHo20
npouecy 8 chepi MopcbKux nepese3eHs. [JosedeHo, ujo 0718 3MeHWEeHHA He2amugHOo20 8NJ1UBY HA HABKOJIUWHE
cepedosuwie 8K/IA0 KOXHOI JI02iCMUYHOI KOMNGAHIT 8 (hOpMYBAHHA €KOI02iYHUX eKocucmem Mae bymu
cucmemHuMm, | 0na 3abe3nedeHHA CMAI020 PO3BUMKY JI02ICMUYHI KOMNAHII  NOBUHHI peanizysamu
iHBeCMUuYiliHO-IHHOBAYIUHI NpoeKmMu pi3H020 CNpAMYBAHHA, AKI CNpUAIOMb 3MEHWEHHIO He2amugHOo20
8nJ1uBy HA 308HIWHE cepedosuwje. Lle 8U3Ha4ae 0CHOBHI HANPAMU 8NPOBAOKEHHA IHHOBAUITIHUX MexHO102il,
AKi MOXymb 6ymu peani3osaHi 8 npoueci MOPCbKUX nepese3eHb 3 Memolo ekosoei3ayii dianeHocmi
J102icmuyHoOi KoMnaHii. JJocnioxeHo nomeHUuiliHi npoekmu MOOepHi3ayii mpaHcnopmHux 3acobie wiaxom ix
«eKosi0zizauii» 3a01a MiHimMi3ayii HezcamugHo20 8nusy Ha 008KiNIA Ma 36epexxeHHA KOHKYpeHMHUX no3uy,id
J102icmuYHUX KoMnaHid. [posedeHo demasneHy po3pobKy ma obrpyHmMy8aHHA 00YisIbHOCMi 8NPOBAOXKEHHSA
npoekmig 0714 J102iCMUYHOI KOMNAHIi, AKAa niOMpuMye KOHUenuilo cmasnao2o po38UMKY ma peasnizye
cmpamezito Green Business. [IpoaHanizosaHi npoekmu moodepHizayii mpaHcnopmHoi iHppacmpykmypu
J102iCMUYHOI KOMNAHIT, BU3HAYEHI nepesdzu, HeOOJiIKU MA NomeHyian ix po3sumky, wo nepedbadyae
8NPOBAOXKEHHSA Pi3HUX «€KOJI02iYHUX» MexXHOJ102il, MAKuX AK, No-nepuie, BUKOPUCMAHHA AslbMepHAmMuU8Hozo
nanuea, a came cKpanieHo2o NpupooOHO20 243y, No-0pyze, BUKOPUCMAHHA MexXHOJ102ii, AKAa 3aCHO8AHA HA
eHepeil 8impy, Wo 0ae 00HO3HAYHe 3HUWXEHHA sumpam Ha nasaugo ma nepedbayae binbw iHHosayiliHe
PiWeHHA, No-mpeme, BUKOPUCMAHHA MexHOJ102il Ha OCHO8i COHAYHUX naHesneu, iHHosauitliHux mamepiasnie 8
KOHCMPpYKUii cyOeH. O62pyHMOBAHO, WO KOXEH npoekm MdeE pi3Hi 8xiOHi 6ap’epu wjodo 8nposaceHHs i
noyamkoei iHeecmuuyii, Wo 8U3HAYAe CMyniHb pU3UKYy Ma MoXx/ausicme peanizayii npoekmis 8 pisHi nepiodu
XKUMMEBO20 YUKAY J1I02iICMUYHOI KOMNAHIi HA waxy peanizayii cmpamezii  «3e1eHo20»  Gi3Hecy.
Bukopucmosyrouu memoouKky OUiHKU echekmusHOCMI iHaecmuyitiHux npoekmis 06rpyHmo8saHo 0ouyinbHicme
peanizayii KOXHo20 iHeecmuuiliHo20 npoekmy ma nposedeHa NOPIBHAIbHA XapaKkmMepucmuKa 8ionogioHuUXx
pO3paxyHkie. 3a3HAYeHo, WO y «3e/1eHOI» JI02ICMUKU € 8e/IUKUl nomeHyian AK 0719 OKpeMoi J102icmuyHoTi
KOMNGAHiii mak i 018 8ciei mpaHcnopmHo-102icmuyHoOi ekocucmemu.

Knioyoei cnoea: ekonorictuka, MOPCbKi MepeBe3eHHA, MOAEepHi3auia TpaHCNOPTHUX 3acobiB,
iHHOBALiINHiI TeXHONOrII, CTpaTeria CTanoro po3BUTKY, «3e/1leHa» NoricTuKa.

OkcaHa [lo3HAK, Anekceli AHMOHOB8. "JKosozuszayus MpPAaHCNOpmMHO20 npoyecca 68 cghepe
MopcKux nepeeo3ok". Cmamba noceauweHd UCCIe008AHUI0 OCHOBHbIX MeHOeHYUU 3Koso2u3ayuu
MpAaHcNopmHo20 npoyecca 8 chepe MOpPCKUX Nepeso3ok. JJoKazaHo, Ymo 071 yMeHbWeHUA He2amugHOoz20
B/IUAHUSA HA OKpyXaroulyto cpedy 8k1ad Kaxoou s102ucmuyeckol KOMNAHUU 8 (hopMUpPOB8aHUE 3KOSI02UHEeCKUX
aKkocucmem 0osxeH 6bimb cUCMEMHbIM, U 014 obecnevyeHuUA ycmoli4ugo20 pazsumus Jo2ucmuyeckue
KOMNAHUU O0OJ/IXHbl peanau308ams UHBECMUYUOHHO-UHHOBAYUOHHbIE NPOeKMbl pa3HO20 HANpPasseHus,
cnocobcmayrowjue yMmeHblEeHU0 HeeamugHOo20 8/IUSHUA HA 8HEWHIOK cpedy. Imo onpedesisem OCHOBHbIE
HanpasJsieHUa 8HeOPEHUA UHHOBAYUOHHbIX MexHos102ull, Komopsie Mo2ym 6bimb peasiu3o8aHbl 8 npoyecce
MOPCKUX Nepeso3oK 8 Uesiax 3KoJsio2u3ayuu oeamesibHoCmu Jso2ucmuyeckol KomnaHuu. YiccnedosaHst
nomeHyuaieHslie NPoekmMsl MOOepHU3AaUUU MPAHCNOPMHbIX CPeOCm8 nymem UX «3KOos02u3ayuu» OnA
MUHUMU3AUUU He2amusHOo20 8/IUAHUA HA OKPYXarouwlyro cpedy U COXpaHeHUe KOHKYpeHMHbix no3uyuli
Jioeucmuyeckux Komnanul. llposedeHa nodpobHaa paspabomka u o60CHOB8AHUE yeslecoobpasHocmu
8HeOpeHUA NpoeKkmoa 0714 Jlo2ucmuyeckol KOMNAHUU, Komopas noddepxxusdem KoHYenyuto ycmoli4ugozo
passumusa u peanusyem cmpamezuto Green Business. [lpoaHanusuposaHsl npoekmel mModepHu3ayuu
mpaHcnopmHol  UHpacmpykmypsl  102ucmuyeckoli  KOMNdHuu, —onpeodesieHbl  nNpeuMyu,ecmsad,
HedoCcmamku U NOMeHYUasa ux pasumus, 4ymo npednosiaedem 8HeOpeHUe pasziuyHbIX "SKoso2udeckux"
mexHO/102ull, MAKUX KAK, 80-Nepabix, UCNOJIb308AHUE G/TbMepPHAMUBHO20 MON/IUBd, a UMEHHO CKUXEHHO20
NpupoOHO20 23d3a, 80-8MOPbIX, UCNOJ/Ib30B8AHUE MEXHOI02UU, KOMOpPdsA OCHOBAHA HA 3Hepauu 8empd, 4Ymo
daem 00HO3HAYHOE CHUXeHUe pacxo008 Ha MoNJIuUBo U npednosazaem 6osiee UHHOBAUUOHHOE peuleHue; 8-
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mpembux, UCNO/Ib308AHUE MEXHO/I02UU HA OCHOBE COJTHEeYHbIX NaHesel, UHHOBAUUOHHbIX MAMepuasnos 8
KOHCmMpyKkyuu cyoos. O60CHO8AHO, YMO Kaxoblli npoekm umeem pas/iuyHbie 8X0OHble 6apbepbl No
8HEOPEeHUIO U Ha4asbHbIM UHBECMUUYUAM, Ymo onpedesigem cmeneHb pucka U 803MOXHOCMb peanusayuu
npoekmoe 8 pasHble Nepuodbl XU3HEHHO20 YUK/IA J102ucmuyeckol KOMNAHUU HA nymu peanu3ayuu
cmpameauu «3eseHo20» 6u3Heca. Mcnonb3ys MemooOuKy OUeHKU 3hheKmusHOCMU UHBECMUUUOHHbIX
npoekmos, 060CHOBAHA UenecoobpasHoCMy peanusayuu Kaxoo2o UHBECMUUUOHHO20 npoekmad u
nposedeHa CpasHUMesIbHAA XdpakKmepucmuka coomsemcmeayloujux pacyemos. OmmeyeHo, 4Ymo y
«3e/1eHol» J102UCMUKU ecmb 60/16WOoU NOMeHYUAn Kak 014 omoesbHoU 102ucmuyeckoll KOMNAaHuu, mak u
0nA eceli noeucmuyeckouli SKocucmemei.

Knioyeeblie coea: 5Konornctuka, MoOpckue nepeBO3KM, MOAEPHU3ALMA TPAHCMOPTHbBIX CPEACTB,

WHHOBALUMOHHbIE TEXHONOI NN, CTpaTerna yCTOVILIVIBOFO Pa3BUTUA.

Introduction. Transportation is the
fastest growing source of emissions
worldwide and now accounts for 17 percent
of global greenhouse gas emissions - behind
only the power sector. There are now more
people and goods on the move than ever
before, and each year hundreds of millions of
vehicles pump huge amounts of greenhouse
gas emissions into the atmosphere, driving
the climate crisis. Between 1990 and 2019,
annual transportation sector CO2 emissions
increased by roughly 80 percent to a record
high of 8.25 billion metric tons (GtCO2).
Although global transportation emissions
plummeted 12 percent in 2020 due to the
outbreak of COVID-19, they are expected to
have rebounded in 2021. In 2021, the
reduction in the intensity of CO2 emissions in
the world has slowed down and is 0.5%. In
2021, the intensity of EU CO2 emissions
increased for the first time since 2010 [25].

Since transport and logistics companies
are, on the one hand, one of the main
participants in the global economy, and on
the other hand, a rapidly growing source of
environmental pollution, this leads to an
increase in the responsibility of transport and
logistics companies for the formation of
ecosystems that will be more responsible in
solving the problems of reducing the
negative impact on the environment by
greening the activities of both individual
entities and the entire ecosystem as a whole.
Moreover, greening should be systemic by
introducing new approaches, principles, and
technologies for conducting transport and

logistics business based on the principles of
sustainable development, greening, and
implementing a green business strategy. The
main results of the formation of this
systematic approach can be to reduce the
negative pressure on the environment,
improve the image, profitability, and
competitiveness of transport and logistics
companies, and optimize supply chains.
Consequently, research within the framework
of this issue is relevant and continues to
determine the direction of greening the
activities of transport and logistics
companies.

Analysis of recent research and
publications. Nowadays, there has been an
increase in attention to this issue. The analysis
of research and publications made it possible
to identify several areas in the field of
greening transport and logistics activities. The
first direction is the introduction of the
foundations of greening for the formation of
a system for ensuring the sustainable
development of economic entities. Among
the framework of this direction of research on
this issue, it is possible to single out the
scientific works of the following scientists
such as Gurch L., Khmara L. [6], Hrechyn B.D.
[8], Hryhorak M.Yu. and Varenko Yu.V.[9],
Kobylynska T.[13], Korniyko J.R.and Valyavska
N.O. [14], Sagaydack Yu., Kharchenko T. [22].

The second direction of research, which is
devoted to the development of green supply
chains, can be attributed to the works of the
following scientists as Luthra, S., Garg, D.,
Haleem, A. [16], Rossolov, A., Lobashov, A,
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Kopytkov, D., Botsman, A. and Lyfenko S. [20],
Vertakova Yu., Kazantseva A. and Plotnykov V.
[26], Zaretskaia L.M. [30].

The third direction of research is closely
related to the previous one and allows a more
detailed study of the impact of individual
modes of transport on ecologistics,
determines the problems, and offers possible
ways to solve the identified problems. The
publication [23] systematizes the existing
ways how to decrease the environmental load
at the enterprise, in the country, and in the
world, and identifies ways of greening the
enterprise by using transportation means to
transport goods from enterprises to
customers using information systems and
technologies.

The article [15] considers the topical
problem of the greening of railway transport
in Ukraine and offers some solutions to this
issue by ensuring efficient freight turnover,
the development and integration of transport
infrastructure into the international network,
and the transition to a carbon-neutral
economy in general.

The strategy, considered in [7], aimed to
create a unified architecture of transport and
logistics clusters with the introduction of
intelligent transport systems that will ensure
safety, mobility of traffic, reduce the negative
impact on the environment from transport by
monitoring the situation using navigation
technologies and timely decision making,
guarantees value innovation and market
models for consumers of blue ocean. This
becomes possible because transport and
logistics clusters contribute to the probability
of success: the creation of multimodal
transport networks; replacement of carbon-
emitting modes of transport; promotion of
"green" modes of transport; increasing urban
mobility and development systems of a
network of parking zones and passenger
terminals for transferring by individual
transport to urban transport. Also, the
problems of greening the different modes of
transport were studied in [5,10].

And the last direction of research
identifies the areas of greening in reverse
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supply chains. The article [3] notes that the
use of a system with a closed production cycle
requires the formation of new supply chains
at the enterprise: from shops to warehouses
of secondary raw materials; from warehouses
of secondary raw materials to sorting shops
and distribution of renewable materials;
external supply chains from the enterprise to
other enterprises, in case of non-compliance
of the, received waste with the needs of the
enterprise. This approach forms the
ecologistics methods in the development of
waste-free production of enterprises, taking
into account limited resources and greening
of industry. Other issues within this direction
of research were considered in [21, 24].

Thus, it can be noted that the interest in
this issue is huge and any new research that
expands these boundaries leads to the
emergence of new approaches, and methods
for solving the problems of greening in the
field of logistics and supply chain
management.

Objectives statement. The purpose of
this article is a theoretical study of the main
trends in the greening of the maritime
transport process and the implementation of
these approaches in the activities of a
transport and logistics company.

Basic material and results. By the latest
official estimates, around 2-3% of global CO2
emissions come from shipping - equivalent
to that of Germany — and they’re projected to
keep growing by 4% every year. And in
addition to creating CO2, cargo ships release
other harmful pollutants such as nitrous oxide
(NOx) and sulfur oxide (SOx), which impact air
quality and contribute to global warming [28].

With growing pressures from
governments, regulatory bodies, and
consumers, the shipping industry is
undergoing a “green revolution” and re-
thinking how it can move thousands of tons
of cargo across the oceans without adding to
global emissions. And, like many climate
change solutions, the answers lie in adopting
a combination of new measures, ranging from
the highly technical - to the incredibly simple.
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All participants in the process of
organizing, managing, and, directly,
executing maritime transportation should be
involved in this process. All of them create an
ecosystem of maritime transportation and
distribute among themselves the
responsibility for maintaining this ecosystem
on the principles of greening. The state,
represented by various government bodies,
creates a legal framework for the "green"
activities of business entities, creates a
favorable investment climate for the
introduction of "green" technologies in the
activities of companies, and forms a "green"
strategy for the state, which determines the
responsibility of all business entities in its
achievement. In addition, the state is
implementing projects to form a transport
and logistics infrastructure based on "green"
technologies.

All  participants in the marine
transportation process, within the framework
of the implementation of the Green Strategy,
are involved in its implementation in their
activities and can take part in strategic
projects based on public-private
partnerships. Consequently, a systematic
approach is being formed to reduce the
negative impact on the environment through
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the contribution of each logistics company to
the formation of ecological ecosystems. This
determines the main directions for the
introduction of innovative technologies that
can be implemented in the marine transport
process in order to greening the activities of a
logistics company.

There are several possible ways of
greening the marine transport process of
transport and logistics companies. Such
methods include consideration of ecological
supply chains as a competitive advantage of
an enterprise, solving the problem of routing
within an enterprise, energy saving in
transport, carsharing by different companies,
introduction of innovative modes of
transport, energy efficiency in transport,
calculation of optimal air routes in the world,
optimization of transportation of goods from
an enterprise to consumers [23]. Most of them
are aimed at the modernization of ships using
alternative fuel sources, since this is the main
source of negative environmental impact.
Potential projects for the modernization of
marine ships through their "greening" by
using different innovative technologies are
presented in Table 1.

Table 1 - Potential projects for greening transport infrastructure of transport and logistics

company

Name of Transition to a more Utilizing wind sails to Creation of electrically

a project ecological fuel decrease fuel consumption powered vessel

Goal Choosing and implementing | Installing modern wind sails to | Creation of a marine vessel
a more ecological and more | decrease vessel fuel | that utilizes electricity instead
profitable fuel instead of | consumption and resulted | of fuel as a power source.
heavy oil. harmful emissions

Content of | Analyzing several types of | Creation of Work Breakdown | Determining  amount  of

project fuel, choosing the best type | structure, setting the budget for | energy vessel can storage
by several indicators, and | modernization, calculation of | and number of solar panels
calculating  the  project | profitability indicators. that can be installed;
profitability indicators. calculation of autonomy and

profitability indicators

Predicted | Reducing harmful emissions | Reducing fuel consumption of | Zero emissions, significantly

results of the ship by 30-40%, a | the ship by at least 10% and | reduced ship operating costs
slight reduction in the cost of | reducing the cost of operating | and reduced vessel
fuel. the ship. autonomy.
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All these potential projects have their
own advantages, disadvantages, and
potential for their implementation, require
different investments, and have different
barriers to fulfillment.

The first project is aimed to transition to a
more ecological fuel. Most ships use it as a fuel
source so-called “bunker fuel” also known as
“heavy fuel oil”. Such fuel is considered of low
quality but also low cost. The disadvantage of
this type of fuel of course is that it is especially
harmful to humans.

The use of bunker fuel is estimated to
have caused 400 000 premature deaths and
more than 14 million children's asthma cases
yearly due to air pollution. On January 1, 2020,
a new limit on Sulphur content in fuel oil came
into force due to International Maritime
Organization (IMO). This rule limits the
amount of Sulphur in fuel to 0.5% mass by
mass. A great improvement compared to the
previous limit of 3.5% [11]. Despite this
limitation, shipping air pollution is still a major
problem and estimated to cause about 250
000 premature deaths and 6.4 million asthma
cases yearly since 2020.

The following alternative fuel sources for
shipping are possible:

1. Liquefied Natural Gas (LNG) - is a
natural gas that has been cooled down to
liquid form for ease and safety of non-
pressurized storage and transport. Natural
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gas could be considered the least
environmentally harmful fossil fuel because it
has the lowest CO2 emissions per unit of
energy and is suitable for use in high-
efficiency combined cycle power stations. For
an equivalent amount of heat, burning
natural gas produces about 30 percent less
carbon dioxide than burning petroleum and
about 45 percent less than burning coal [4].

2. Hydrogen fuel. The main advantage of
hydrogen is the possibility of being a zero-
emissions fuel if produced from renewables.
Furthermore, future hydrogen production
capacity fits well with the anticipated energy
transition to renewable power production on
land.

3. Ammonia fuel. With an energy
transition to renewables, ammonia will have
the potential to become a carbon-free energy
carrier with a higher density than hydrogen,
and in principle technically feasible for the

deep sea.
4. Bio-diesel is a renewable,
biodegradable fuel manufactured

domestically from vegetable oils, animal fats,
or recycled restaurant grease [2].

Each type of alternative fuel can be used
for greening, so they need to be evaluated
according to different criteria: type, energy
density, volume and weight of fuel, emissions
and price. The results are presented in Table 2.

Table 2 — Evaluation of different types of fuel by criteria

Name Bunker Fuel LNG Hydrogen Ammonia Bio-diesel
Type Fossil Fossil Renewable Renewable | Renewable
Energy density (MJ/) 33.4 21.2 9.55 12.8 14.6
Medium Above Very large Large Above
Space taken : .
medium medium
Weight Medium Light Very light Heavy Abqve
medium
Emissions Large Medium Very small Very small Small
Price 3.62% 2.2% 16$ 4.16% 3.42%

Before choosing an alternative to bunker
fuel, which is taken as standard - 1, it is
necessary to compare these fuels with the

standard based on the same criteria. The
comparison results are presented in Table 3.
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Table 3 - Comparing different types of fuel to Bunker fuel

Bunker Fuel LNG Hydrogen Ammonia Bio-diesel
Type Fossil Fossil Renewable Renewable Renewable
Energy density 1 0.63 0.29 0.38 0.44
(MJN)
Space taken 1 0.67 0.33 0.67 0.83
Weight 1 1.33 1.67 0.67 0.83
Emissions 1 14 1.8 1.8 1.6
Price 1 141 0.23 0.85 1.06
Grade 5 5.44 4.32 4.37 4.76

Table 3 shows that grades below 1 mean
fuel perform worse than bunker fuel, and
grades above 1 mean fuel perform better
therefore we can determine which fuel is
better to use in the potential project.

According to the calculations currently,
only LNG fuel has better overall performance
compared to Bunker fuel; hydrogen takes fifth
place, and this fuel takes up a lot of space,
which is then mitigated by its almost non-
existent weight, but the enormous price
doesn't allow it to compete. Ammonia
performs a bit better, and has a more
reasonable price, unfortunately, it weighs and
takes more space than wusual fuel, and
relatively low energy density affords it fourth
place. Bio-diesel takes third place - it’s a bit
worse than bunker fuel in terms of weight and
space but is a bit cheaper.

Thus, LNG fuel has a better price,
comparable volumes, and weights, and is
much better for the environment. Therefore,
for the development of the first potential
project related to the modernization of the
vessels for transport and logistics companies,
LNG fuel is chosen.

The first thing that needs to be calculated
is the fuel cost for one medium-sized
container ship. It is known that ships can take
aboard 2 million gallons of fuel. Here both
weight and space taken by fuel are important.
Considering that bunker fuel and LNG are
comparable in this department (LNG takes
more space but is weightless) The indicator
can be left the same for both fuels.

Next is energy density. It is known that
ship consumes 63 000 gallons per day at top
speed. The energy density of LNG is lower;
therefore, ships will consume more fuel per
day.

Calculating fuel expenditure per day for
LNG fuel =63 000 * 0.63 = 100 000 gallons per
day. Calculating time until refuel for LNG fuel
=2000 000/ 100 000 = 20 days.

And for Bunker fuel = 2 000 000 / 63 000
=31 days.

Number of refueling per year for LNG fuel
=365/20 = 18.25 = 19 per year.

For Bunker fuel =365/31=11.77 =12 per
year.

Calculating price of fuel for ship for 1 year
for LNG fuel = 2 000 000 * 19 * 2.2 = 83 600
0005.

For Bunker fuel =2 000 000 * 12 * 3.62 =
86 880 0005.

The annual benefit from the use of LNG
fuel is 3,280,000 US dollars, which is a
significant amount, provided that the
transport and logistics company extracts it on
its own, such as NYK Line.

NYK Line, the Japanese shipping
company, has announced it has been placed
on a prestigious climate change list,
recognizing the company as one of the world-
leading businesses at the forefront of tackling
climate change. The NYK Group has
commenced efforts to create a value chain for
carbon-free society of the future.

The company has developed the concept
of Green Business as a key element of its
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sustainable development strategy and is
constantly implementing environmental
projects aimed at reducing the negative
impact on the environment. One of them is
Sail GREEN a brand that emphasizes NYK's
efforts to reduce GHG emissions through the
transport of goods and contribute to the eco-
friendly supply chains of customers,
regardless of the mode of transport (e.g., by
sea or land, through terminals, etc.) [19].
Realizing the importance of the
implementation of such projects for the entire
shipping ecosystem, the company develops
collaboration with partners such as Clean Fuel
Ammonia Association, Hydrogen Council, The
Maersk Mc-Kinney Moller Center for Zero
Carbon Shipping, Getting to Zero Coalition,
Hydrogen Value Chain Development Council.
Therefore, the implementation of the
proposed project support efforts to
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decarbonize not only the shipping ecosystem
but also society as a whole.

The cost of modernization ship will
roughly equal 15 million dollars, the price of
engines will add another 7 million dollars, and
we add 3 million dollars to a total expenditure
as profit loss for the time of modernization
and unpredictable factors. Therefore, the
initial investment for changing fuel equals
$25 million. The discount rate is set as the
value of inflation - 4%. Cash flow (CF) is 3 280
000S$ per year. The life of the project is set as
ten years.

Based on the established data and using
the investment analysis methodology, the
effectiveness of the implementation of this
project is conducted. The results of these
calculations are presented in Table 4.

Table 4 — Calculation the efficiency of the first project

Year 1 2 3 4 5 6 7 8 9 10
CF ($ min) 3.28 | 3.28 | 3.28 3.28 3.28 3.28 3.28 | 3.28 | 3.28 3.28
r (4%) 0.962 | 0.925 | 0.889 | 0.855 | 0.822 | 0.79 0.76 | 0.731 | 0.703 | 0.676
PV($ min) 316 | 3.03 | 292 2.80 2.70 2.59 249 | 240 | 231 2.22
Total PV ($ min) 26.61
Initial investment ($ min) 25.00
NPV ($ min) 1.61
PI ($ min) 1.06
DPP (years) 9.395
Year 1 2 3 4 5 6 7 8 9 10
CF($ min) 3.28 | 328 | 3.28 3.28 3.28 3.28 3.28 | 3.28 | 3.28 3.28
r (8%) 0.926 | 0.857 | 0.794 | 0.735 | 0.681 | 0.63 | 0.563 | 0.54 0.5 0.463
PV ($ min) 3.04 | 281 | 2.60 241 2.23 2.07 185 | 177 | 164 1.52
Total PV ($ min) 21.94
NPV ($ min) -3.06
IRR (%) 5.38

As can be seen from the calculations, the
project has a very long discounted payback
period, almost like the entire life cycle,
therefore this is a big disadvantage of its
implementation. But given that this is more
likely not an economic project, but more of a
socio-economic one, aimed at creating an
environmentally friendly ecosystem, the
transition to LNG fuel still has great potential.
The overall potential results of this project
would be: a decrease in harmful emissions,

staying ahead of IMO regulations, and
decreasing the cost of fuel.

Despite the fact that the development of
an investment project implies the obtaining
of economic benefits, the implementation of
some  targeted projects, such as
environmental ones, provides, first of all, for
obtaining social effects for the entire
ecosystem.

An example of this project is presented in
Figure 1.
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Figure 1 — Example of implementation the investment project
“Transition to a more ecological fuel”

Despite the fact that the first project
involves the use of an alternative type of fuel
to ensure the process of sea transportation,
namely, liquefied gas, which, unfortunately,
firstly, cannot be called "clean", and secondly,
it is also exhaustible, that is its stocks are also
limited. Therefore, it is necessary to consider
projects that can offer conceptual solutions to
this problem, using "clean" and inexhaustible
sources for the movement of goods in the
process of maritime transport.

One such project is the use of wind
energy as a pure, free, renewable energy
source. Developments based on this concept
have been carried out since 1924 by German
engineer Anton  Flettner. The first
experiments with modern turbo sails beganin
1980 by Jacques Cousteau. On August 2, 2008,
Enercon launched the hybrid rotor vessel "E-
Ship 1". It was used to transport the
company's turbine products.

In 2018 Norsepower deployed rotor sails
with the world's biggest shipping company
Maersk. The Maersk Pelican has been fitted
with two rotor sails, and later claimed to
achieve 8.9% in fuel savings [18].

“OceanBird” is an ongoing project that is
scheduled to come into service in 2024. The
ship will be fitted with 5 telescopic modern
windsails and promises to achieve 10 knots
speed with an emission decrease of above
90% [12].

Thus, the second proposed project
Utilizing windsails to decrease fuel
consumption " aims to achieve a significant
reduction in fuel consumption and, therefore,
to reduce harmful emissions.

The modern windsails offer a great
opportunity to contribute to green logistics,
while at the same time decreasing fuel costs.
From the analysis of the gathered data, we
can conclude that the Panamax class vessel
will require from 4 to 5 modern sails and will
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be able to reduce its fuel consumption by 10-
12%.

Unlike the previous variant where vessels
could be modernized with relatively little
effort, installing turbosails will require capital
changes. For the purpose of modernization of
a ship, it is recommended to create a work
breakdown structure. Work Breakdown
Structure is a deliverable-oriented breakdown
of a project into smaller components. A work
breakdown structure is a key project
deliverable that organizes the team's work
into manageable sections. Initially, it serves as
a planning tool to help the project team plan,
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define and organize the scope with
deliverables. The WBS is also used as the
primary source of schedule and cost estimate
activities. But, its biggest contributions to a
project are it's used as a description of all of
the work and as a monitoring and controlling
tool.

The work breakdown structure of a
modernization of a Panamax-class vessel with
turbosails is shown in Figure 2.

Modernization

A 1 | P P S,
: e ~ \ / N i .
Analysis Evaluation ‘ Modernization ‘ Search for | | Modernization ‘
D § ) plan suppliers
Create analyst — — Removal of
group A]laIYSjS of Details list Conditions all modules
details price that are
Analyze Reqm;' ed time Analysis of unnecessary
or . .
ibili : rice/quali
feasibility Analysis modernization price/quality

of modern.

Maintenance

cost

Report

{ Labour cost ]

Results

Set Budget

Choosing the Installation
best offer
of a new
modules

Final tests

Figure 2 — Work breakdown structure of vessel modernization

Let's explain the work breakdown
structure of vessel modernization in more
detail.

Analysis - first we have to check that the
idea is valid. For this purpose, the company
needs to execute the following steps:

1. Analyze other cases of installation of
modern windsails, their results, and the
profitability of the projects by creating of
analyst group. For this purpose, will be
created an inspecting group of 5 analysts

researched the idea of turbosails, based on
the results of other companies’ experiments.

2. Analyze feasibility: when the analysts
have an idea of what turbosails are capable of,
they can roughly judge whether is it possible
to modernize companies’ vessels and receive
profit in the future.

3. Report results: the results of the
analysis are noted and reported to
supervisors, who then, based on gathered
data and company conditions, decide either
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to entertain a more serious investigation or
scrap the idea.

Evaluation is another big group of action
in WBS that requires a more detailed
evaluation based on project analysis. It
consists of two main steps:

1. Analysis of detailed price. The
turbosails are a relatively new project with
few companies having experience building
them. Contact companies such as
Norsepower, Enercon, and Wartsila to learn
more about the capabilities and costs of turbo
sails and accessories.

2. General analysis of all modernization
efforts. The price for the implementation of
new equipment, the price for equipment for
modernization, price of dry docks is
calculated. The end result is once again
reported to supervisors who make the final
decision to go forward with the project or not.

Modernization plan is another big group
of action in WBS that suggests creating a
detailed plan of modernization efforts. It
includes the following information necessary
for the implementation of the project,
namely:

1. Details list that includes information
about what we have to procure, comparing
purchasing costs, efficiency, and reliability of
suppliers.

2. Required time for modernization:
knowing which details we have to procure
and the scope of work we can evaluate the
length of time required by modernization.

3. Labour cost: calculating the salary of
our specialists and estimating the number of
personnel required for the implementation of
the project, the possibility of additional hiring
of specialists is carried out in this stage.

4. Budget: after we are sure of the scope
of work, a budget is set for the entire
modernization effort.

The next big group of action in WBS is
Search for suppliers - turbosails. For this
project components and support equipment
for turbosails is likely to be custom created for
the company vessel. While there are only a
few companies in the world that have
experience in such projects, choosing among
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them is still required. That choice is based on
the following data:

- Conditions: company limits the list of
choices by introducing conditions that are
required such that turbosails creation should
be within the relevant budget part and the
specific capability of turbosails must be
achieved.

- Price/Quiality analysis: our conditions are
not really hard so we can safely presume that
we still have the list of possible suppliers.
Analysts rate them by chosen criteria and sort
the list by company priorities.

- Choosing the best offer: based on the list
of possible supplier’s choice is made.

Modernization - finally, you can proceed
to the modernization itself. Firstly, this is
disassembly, we need to establish a place in
the hull where future turbosails will stand,
find a place for their auxiliary equipment and
install the necessary software.

Maintenance: while engineers have full
access to the ship, complete maintenance and
check-up are required. Nobody wants to
waste millions on a project that will fail simply
because of rust that cannot be easily seen, or
failed machine.

Assembly: after commissioned turbosails
arrive, they will need to be installed, and then
the hull should be fixed and prepared for the
final tests.

Final testing: the upgrade is complete,
but to make sure everything is in order, the
company will conduct extensive testing of the
vessel to find out its improved performance
and possible problems.

The calculation of the project efficiency is
based on the budget for the modernization of
the company's ship which mainly identifies,
first of all, the costs of the project

The average salary of an analyst per
month is $6,000.

The company has hired a full team of five
analysts who will work for four months.

Therefore, the analyst team's budget is -
6,000 * 5 * 4 = $120,000.

Of course, the company will need a lot of
engineers who will be engaged in
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dismantling the hull and installing turbosails,
and maintenance.

The company plans to hire about 100
workers to reach a reasonable completion
date of 6 months.

The average salary of employees will be
$3800 per month. Among them are 5 senior
shipbuilders with a monthly salary of $6500.

Therefore, the budget for workers is (3800
*95 + 6500 * 5) * 6 = $2,361,000.

Next comes the maintenance budget.
The cost of servicing a Panamax class
container ship is $9,000,000.

Finally, the cost of turbo sails.
Considering that the company wants to
reduce fuel consumption by 12%, the
company's vessel will have no less than four
turbosails.

The company decided to order them
from Norsepower for $10,000,000 each.

Therefore, four turbo sailboats will cost
$40,000,000.

The total budget set for the upgrade is
120,000 + 2,361,000 + 9,000,000 + 40,000,000
=$51,481,000.

This budget is considered our initial
investment.

With turbosails installed, the ship will
consume 12% less fuel than before the
upgrade.
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A Panamax-class vessel can hold 2 million
gallons of fuel and consumes 63,000 gallons
per day when traveling at top speed.

The fuel price per gallon is $3.62.

Time to replenishment - 2,000,000 /
63,000 = 31 days.

Replenishments per month - 365/31 =12
times.

Fuel price per year = 2,000,000 * 12 * 3.62
= $86,880,000.

12% of annual fuel consumption =
86,880,000 * 0.12 = $10,425,600.

The price of fuel per year after
modernization is - 86,880,000 - 10,425,600 =
$76,454,400.

So, the initial data for calculating NPV,
DDP and Pl are determined.

The initial investment is our budget -
$51,481,000.

Annual cash flow - the price of reducing
fuel consumption by 12% - $ 10,425,600

The discount rate is equal to the world
inflation rate - 4%.

The life of the project is once again set at
10 years.

Based on the established data and using
the methodology of investment analysis, an
assessment of the effectiveness of the
implementation of this project is carried out.
The results of these calculations are presented
in Table 5.

Table 5 — Calculation the efficiency of the second project

Year 1 2 3 4 5 6 7 8 9 10
CF ($ min) 1043 ] 10.43 11043 1043 | 1043 | 1043 | 10.43 |10.43 | 1043 10.43
r (4%) 0.962 | 0925|0889 |0.85 |0.822 |079 |0.76 |0.731 | 0.703 0.676
PV($ min) 10.03 |1 9.64 | 9.27 891 |857 824 |7.92 |761 |7.325 7.04
Total PV ($ min) 84.56
Initial investment ($ min) 51,481
NPV ($ min) 33.08
Pl ($ min) 1.643
DPP (years) 6.09
Year 1 2 3 4 5 6 7 8 9 10
CF($ min) 1043 ] 10.43 11043 1043 |10.43 |10.43 | 10.43 |10.43 | 1043 10.43
r (18%) 0.847 | 0.718 | 0.609 | 0.516 | 0.437 | 0.37 | 0.314 | 0.266 | 0.225 0.191
PV ($ min) 883 | 749 |6.35 538 | 456 386 |327 |277 |235 1.99
Total PV ($ min) 46.8
NPV ($ min) -4.64
IRR (%) 15.61
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The example of this project is presented
in Figure 3.
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Figure 3 - Example of implementation investment project “Utilizing windsails to decrease
fuel consumption”

The third project involves the
introduction of technology that is already
widely used in the automotive industry - the
use of solar panels. In recent years, electrical
cars become increasingly popular. The cars
are clean and use electricity instead of fuel for
power, which considering the ever-rising
prices for fuel is a definite advantage.

So, the question is, why when electric cars
proved themselves most effective, yet the
creation of large electric-powered marine
vessels is a distant project for now? The
answer is simple — battery space. Ships use a
lot of fuel and would need a lot of electrical
power to move. The batteries to keep the ship
running will take a lot of space and currently,
there is no infrastructure to recharge them in
mass.

Yet the world's first all-electric cargo ship
is already building. A European company,
Yara Fertilizer of Norway, designed a fully
electrically powered ship that will transport its
products around the country and eliminate
40,000 trips normally made by diesel trucks.

While relatively small by current
standards, Yara’s electric model can still haul
3,200 tons of cargo over a distance of 30
nautical miles [29].

The main limitations of today’s lithium
batteries are their size and weight; they're
generally too heavy and bulky to power large-
scale container ships while leaving enough
space for the required cargo. But at least
initially, we're likely to see batteries powering
small ships over short distances and continue
to gain momentum as batteries become
smaller, lighter, and cheaper.

Proof of the battery development's
continued progress lies in the recent
statement from Danish shipping company
Maersk which announced the trials of a new
600-kilowatt-hour battery, the size of a
shipping container [1].

Still providing power to ship only by the
way of batteries is, well not impossible but
severely limiting. Then the question: Is there a
way to produce electricity during an ocean
voyage? And the answer is simple: Yes.
Theoretically, a small wind-powered power
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station could be installed on the ship, but this
would be inefficient, and practically turbosails
will be better.

But what about solar energy? It doesn’t
require much space, it can provide additional
power, and is a tested technology. Of course,
it is weather depended on the extreme, but it
is not required to work constantly at max
power, just to augment the ship's power
reserves.

In July 2021 bulker owner and operator,
Berge Bulk launched a pilot test to trial the
maritime application of solar technology. The
test is being carried out on Berge K2, the
company’s 262,600 dwt Capesize ore carrier
[171.

According to Berge Bulk, the test
installation produces ~100 kilowatts of
electrical power, which is fed into the main
electrical grid on the ship to supplement the
bulk carrier’s diesel alternators. Following the
pilot test, the Berge Bulk company plans to
evolve trial, increasing number of solar panels
to produce 1000 kilowatts.

This test shows that using solar panels to
supplement the diesel generators are feasible
and have a lot of potential for the future.

For this project an amount of energy that
can be stored on the ship should be
calculated, the number of solar panels that
can be installed on the vessel and their
comparison. The result of this project should
be almost completely green vessel without
harmful emissions with major economic
benefit as electricity is a much cheaper source
of energy than fuel.

Let’s start by calculating the number of
batteries that electric-powered vessels will
require.

For this purpose, a Maersk has created a
battery with a space of 600kwh will be used.

The size of the battery is identical to the
size of a standard 20-feet shipping container.

The dimensions of such container, and
therefore the battery is 6.1 meters in length,
2.44 meters in width, and 2.59 meters in
height. The volume of such a battery will
equal 33.2 cubic meters.
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Panamax class ship can carry 2 000 000
gallons of fuel. To fill one cubic meter
with fuel we will need 264.17 gallons.

Therefore, volume of fuel company vessel
can carry — 2 000 000 / 264.17 = 7570.8 cubic
meters.

Now we can calculate how many
batteries we can use on the ship.

7570.8/33.2 = 228.04 = 228 batteries.

The amount of energy stored therefore
equals 228 * 600 = 136 800 kWh.

Now we should calculate how quickly this
power will be used.

Bunker fuel has an energy density of 33.4
mega joules per gallon.

1 mega joule are equal to 0.278 kWh.

Energy density of 2 000 000 gallons of fuel
in kilowatts =33.4* 2000 000 *0.278 =18 570
400 kWh.

The Panamax-class ship uses 63 000
gallons of fuel per day.

Energy density of 63 000 gallons of fuel in
kilowatts equals - 33.4 * 63 000 * 0.278 = 584
967 kW/h.

Determining how long can travel
Panamax-class vessel with 228 batteries
installed — 136 800 / 584 967 = 0.234 of a day
or 5.6 hours. This is certainly not enough.

Even if decreased the cargo capacity of
the vessel is by a fifth, the resulting 1228
batteries will have only 736 800 kilowatts of
energy stored, enough for a day and a quarter
of travel - 30 hours.

In 30 hours, the Panamax class ship can
journey 690 knots or 1278 kilometers.

Just a bit more than the distance from
New York to Chicago - 1144.6 kilometers.

The calculations show that such a vessel
will be unsuited for long journeys, but can be
used for transportation in relatively close
distances such as operating in the Black Sea,
along the European coast where there are
plenty of places to recharge, or for example
making deliveries from Japan to China.

Before abandoning the idea of a large
fully powered electrical ship let’s make a price
comparison.

Price of fuel per gallon - 3.625.
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Time until refill - 2 000 000 / 63 000 = 31
days.

A number of refills - 365/31 =12 per year.

Yearly price of fuel = 12 * 2000 000 * 3.62
=86 880 0005.

Price of electricity per kWh - 0.1188.

Time until recharge — 736 800 / 584 967 =
1.26 days.

Number of recharges — 365/1.26 = 289.6
=290 per year.

Yearly price of electricity = 290 * 736 800
*0.118 =25 213 2965.

But it should be noted that electric-
powered vessel carries only 80% of the
standard Panamax class ship. Therefore, ships
will require 25% time to carry the same cargo
and will therefore burn 25% more energy.

te— Length of Panamax Vessel: 294m—]
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Thus, 25213 296 * 1.25 =31 516 6205.

Despite all the disadvantages of an
electrically powered vessel, the one thing it
absolutely tops is operation costs. It will be
more than 50 000 000S cheaper to use
electricity instead of fuel.

Solar panels use sunlight as an energy
source to generate DC electricity, so the top of
a ship is the logical place to install them.
Considering that cargo ships are mostly
rectangular in shape, it is easy enough to
calculate the usable area for installing a ship's
solar panels. To do this, we need the length of
the ship (Fig. 4) and the width, or breadth of
the ship (Fig. 5).

Panamax
L Draft 12m

Figure 4 — Length of Panamax class vessel

EHH:
32m

=1M1m

Figure 5 — Width (Beam) of the Panamax class vessel

But the solar panels are not being able to
install on the bow of the ship. This limits the
installation area, as shown in Fig. 5.
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Figure 5 — Area of solar panel installation on Panamax class vessel

The length of the installation area is 230
meters.

The width of the installation is the same
as the ship — 32 meters.

Then useful area for solar panel
installation = 230*32 =7360 square meters.

To decide which solar panels are more
profitable to install on the vessel several
samples and compared their characteristics
were taken into account (Table 6).

Table 6 - Comparison of performance of solar panels

SOLagvsgr”e' 1IKWh | 5kWh | 12kWh | 17kWh | 20kWh | 30kWh | 36kWh | 40kwh
Area, m2 5 26 62 83 99 145 176 101
Amount on 1472 283 118 88 74 50 41 38
vessel
Generated
yearly per unit, 1100 6504 15300 22966 26239 39430 49225 50712
kwh
;g;"’r‘l'ygirv‘vegated 1619200 | 1840632 | 1805400 | 2021008 | 1941686 | 1971500 | 2018225 | 1927056
Cost per unit, $ 845 4188 8029 10650 | 12173 | 16635 | 18985 | 20865
Total cost, $ 1243840 | 1185204 | 947422 | 937200 | 900802 | 831750 | 778385 | 792870

As can be seen from Table 6, due to the
difference in the amount installed, the cost of
the panels decreases the higher their power.
At the same time amount of electricity
generated varies. The peak is reached by the
solar panels of 17-kilowatt power. Yet 36-
kilowatt powered solar panels generate
almost the same amount of power per year,
only about 3000 kilowatts less, while at the
same time being significantly cheaper.
Therefore, on our ship will be installed 36-
kilowatt powered solar panels. They will
produce additional 2 018 255 kW/h per year
for the price of 778 385 dollars.

The price of electricity is 0.118 dollars per
kWh.

Therefore, our solar panels will generate
238 150 dollars per year.

That means they will become profitable
after the time of 3.3 years.

Now that the extreme potential of electric
power is clear let's determine the amount of
investment required.

Our vessel will require 1228 batteries, the
size of a shipping container. These batteries
are new on the market and therefore the price
is steep.

Considering the number of batteries
ordered the price can be negotiated down to
95 000$ per battery. Total battery cost = 1228
*95000 =116 660 000 $.

In this project, the largest modernization
effort is required as our vessel switches
completely from fuel to electricity. The cost of
modernization is predicted in the area of 75
000 000S.

The cost of solar panels is 778 3855 + 10%
for installation efforts brings as to 778 385 +
77 839 = 856 2245.
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Total cost of creating fully electrically
powered ship equals to - 116,660,000 +
75,000,000 + 856,224 = 192,516,224S.

The predicted profit of such investment is
all the amount of money the company
managed to save from the cost of fuel,
counting of course our own expenses such as
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solar panels — 86 880 000 - 31 516 620 — 238
150 =55 125 2308.

The discount rate remains equal to the
rate of global inflation - 4%.

The life of the project is set as 10 years.

The results of calculation the efficiency of
this project are presented in Table 7.

electricity cost and electricity generated by

Table 7 — Calculation the efficiency of the third project

Year 1 2 3 4 5 6 7 8 9 10
CF ($ min) 55.13 55.13 | 55.13 | 55.13 | 55.13 | 55.13 | 55.13 | 55.13 55.13 55.13
r (4%) 0.962 0.925 1 0.889 | 0.855 | 0.822 | 0.79 |0.76 |0.731 0.703 0.676
PV($ min) 53.002 | 50.97 | 49.01 | 47.12 | 45.31 | 43.56 | 41.89 | 40.28 38.73 37.24
Total PV ($ min) 447,113 363
Initial investment ($ min) 192, 516 224
NPV ($ min) 254, 593 363
PI ($ min) 2.322
DPP (years) 4.30
Year 1 2 3 4 5 6 7 8 9 10
CF($ min) 55.13 55.13 | 55.13 | 55.13 | 55.13 | 55.13 | 55.13 | 55.13 55.13 55.13
r (18%) 0.781 0.61 ]0.477 10373 | 0.291 | 0.227 | 0.178 | 0.139 0.108 0.085
PV ($ min) 43.05 33.63 | 26.29 | 20.56 | 16.04 | 12.51 | 9.81 | 7.66 5.95 4.68
Total PV ($ min) 180, 203 625
NPV ($ min) - 12,316 375
IRR (%) 26.89
A fully electrically powered ship certainly promises immense benefits if properly
seems impressive on paper, but it should be realized.
noted that it has rather big disadvantages, The example of this project is presented
which is why its development only began. The in Figure 6.

necessity of such a big ship as Panamax class
is for example questionable. Still this project

Figure 6 — Example of implementation investment project “Creation of electrically powered
vessel”
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In order to compare the economic
efficiency of potential investment projects,
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Table 8 summarizes the main results of the
calculations.

Table 8 — Comparison of potential investment projects

. Utilizing windsails to Creation of
" Transition to a more ]
Name of a project : decrease fuel electrically powered
ecological fuel .
consumption vessel

Initial Investments 25 000 000 51 481 0003% 192516 224 $
Net Present Value (NPV) 1603 752% 33079 9993 254 593 336%
Discounted Payback Period (DPP) 9.395 years 6.09 years 4.305 years
Profitability Index (PI) 1.064 1.64 2.32
Internal Rate of Return (IRR) 5.39% 15.61% 26.89%
Time until refill (autonomy) 20 days 34 days 1.26 days
Volume of modernization Minor Moderate Capital

As can be seen from Table 8, each of the
proposed projects has its own advantages
and disadvantages, barriers to
implementation, which are reflected in the
above calculations and indicators.

Changing fuel on a cargo ship is the least
expensive but also offers the longest payback
of the three projects. Its advantages are
relatively fast upgrade times and easy access
to fuel. The use of LNG fuel will reduce the
harmful emissions of a dry cargo ship by at
least 30%. And, of course, replacing one fossil
fuel with another means fuel shortages as a
future problem for the company. For now, you
can ignore the slight loss of ship autonomy.

The second project - the use of modern
windsails to decrease fuel consumption - is
more expensive with an initial investment of
$51,481,000, but will pay off faster. This
project requires a moderate modernization
period, but in addition to increasing profits, it
loses to the first project in terms of
environmental impact - harmful emissions
will decrease, as well as fuel consumption, by
12%.

The third project - the use of electricity
instead of fuel, certainly looks interesting. The
advantages of such a project, of course, are
greater profitability, reduction of harmful
emissions to zero, and the technical
possibility of generating a small amount of
energy during the flight. This means that,
theoretically, this ship will be able to move

without recharging at all, but, of course, only
for small distances per year. Unfortunately,
there are more disadvantages: the initial
investment is the largest of all three projects,
extremely limited autonomy, and certain
infrastructure problems (since many ports in
the world are not ready to offer recharging
such a large amount of energy). at the
moment) solar panel power generation
depends on weather conditions and finally
reduced cargo space.

The proposed projects expand the
possibilities of greening the process of marine
transportation, and provide a practical range
of projects that can be implemented in
transport and logistics companies that
support a sustainable development strategy
based on green business strategies.

Conclusions. The article considers
project proposals for the introduction of
methods for greening the activities of a
transport and logistics company, namely
energy saving in transport, energy efficiency
in transport, the introduction of innovative
modes of transport, the use of alternative
fuels. All this was combined under the
auspices of the transport and logistics
company's vehicle modernization projects in
order to reduce harmful emissions into the
atmosphere. To substantiate the economic
feasibility of introducing the proposed
projects, the methodology of investment
analysis and project management tools were
used. Considering that in order to form a
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sustainable development of a transport and introduce greening projects, the article offers
logistics company, as a main participantin the practical tools for implementing a green
shipping ecosystem, it is necessary to business strategy.
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