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INTRODUCTION

Climate change is a global challenge for the entire world, a global problem that
poses serious threats to the international economy and security. It is currently
accelerating processes that lead to increased risks in the areas of energy security,
access to food and drinking water, ecosystem stability, and threats to human health
and life.

Over the past decade, climate change has become one of the most pressing
issues in the global economy and politics due to the low ability of countries to adapt
to extreme climate change, such as floods, droughts and other events that could lead
to social and economic instability in the world, which requires the development of
appropriate policies and strategies to reduce greenhouse gas emissions and transition
to low-carbon development in all sectors of the economy and areas of human life.

According to meteorological data, the average air temperature in Ukraine, as
well as in the rest of the world, is on the rise. There is also a tendency to increase the
frequency and duration of periods with high air temperatures, which significantly
affects the health and livelihoods of people in Ukraine. The increase in air
temperature leads, in particular, to an increase in the frequency and intensity of
convective weather events, such as thunderstorms, heavy precipitation, hail, and
squalls. These phenomena are sometimes recorded in months and seasons when they
have not occurred before, and spread to areas where they have never been observed
before.

Ukraine is vulnerable to hazardous and natural hydrometeorological events
such as rainfall, floods and coastal inundation, including agricultural and urban
flooding, mudflows and mudslides, and landslides. Such hazards are phenomena lead
to human casualties, significant damage and destruction of infrastructure.

The purpose of the Strategy for the Formation and Implementation of the State
Climate Change Policy until 2035, adopted by the Cabinet of Ministers of Ukraine in

2024, is to create an organisational and legal framework for the formation and
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implementation of the state climate change policy to achieve sustainable development
and ensure an effective transition to low-carbon development of the state, subject to
economic, energy and environmental security and improving the welfare of citizens,
and to take into account the goals of the state climate policy during the post-war
reconstruction of Ukraine.

As a party to the United Nations Framework Convention on Climate Change
and the Paris Agreement, Ukraine is currently fulfilling its current obligations under
these international agreements, but its climate change policy is fragmented and often
considered as a component of environmental policy alone. The absence of a
systematic approach to climate change in general makes it impossible to make
management decisions to ensure climate change mitigation and adaptation across the
country's economy. Further implementation of the provisions of the Paris Agreement
requires the development of a coherent and consistent state policy on climate change
in line with the policies of international organisations, taking into account the world's
leading technologies and practices, as well as the specifics of national conditions,
capabilities, needs and priorities.

Ideas to reduce the pace of climate change and mitigate its effects should be
implemented through international cooperation, including in the field of education.
One of the key projects in this area is the Erasmus+ project «Synergy of educational,
scientific, management and industrial components for climate management and
climate change prevention/ CLIMAN» 619119-EPP-1-2020-1-NL-EPPKA2-
CBHE-JP. The project envisaged training of qualified climate managers. For this
purpose, project teams will study best EU practices, select and train staff, update
existing Master degree programs in environmental protection and management by
developing an interdisciplinary training module in climate change prevention,
adaptation and mitigation.

Project duration: 15.11.2020-14.11.2024

The aim of the project is to help the universities of Georgia and Ukraine to

become centers for the development of research of climate management to accelerate
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integration into the global climate market and to meet global climate regulation
requirements by acquiring best European practices in the field of climate change
prevention, adaptation and mitigation.

The specific objectives of the project are as follows:

1. Update the existing master degree programs by developing an
interdisciplinary training module "Climate Management".

2. Establish consulting Climate Management Centers at partner universities and
ensure their sustainable development.

3. Facilitate the development and strengthening of institutional capacity of
partner universities aiming to develop recommendations for the industrial, transport,
energy, tourism sectors and local authorities in the sphere of climate change
prevention, adaptation and mitigation.

Activities:

1. Learning of the EU experience in scientific and practical activities on
climate management.

2. Development of the Training Module “Climate Management” at Partner
HElIs.

3. Establishment of the Climate Management Center.

4. Implementation of the updated Master Degree Program at Partner HEIs.

5. Quality Management.

6. Dissemination and sustainability.

7. Project Management.

Expected results:

1. Updated Master Degree Program by means of development and
implementation of Training Module “Climate Management”.

2. Trained staff.

3. Consulting Centers of Climate Management are established at partner

universities.
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4. Developed “roadmap” of cooperation between the industrial, transport,
agricultural and tourism sectors and local authorities on the implementation of
climate management policy.

5. Qualified climate managers.

Partnership:

Grant holder: Netherlands Business Academy, the Netherlands

Co-coordinator of the project: KROK University, Ukraine.

o «HTW Berlin, University of e Lviv Polytechnic National
Applied Sciences», Germany; University, Ukraine;
e Foggia University, Italy; o Akaki Tsereteli State University
e Mykolas Romeris University, Kutaisi, Georgia;
Lithuani; e Batumi Shota Rustaveli State
Turiba University, Latvia; University, Georgia;
Kharkiv National Automobile and e West Ukrainian National
Highway University, Ukraine; University, Ukraine;
¢ Hultgren Nachhaltigkeitsberatung
UG, Germany .

Project site: https://climancoordinator.wixsite.com/climan

Combining science, education, and production as a way to form an effective
mechanism for preventing climate change



CHAPTER 1
CLIMATE CHANGE AND ENERGY
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SECTION 1.1 GENERAL ISSUES OF CLIMATE CHANGE
IMPACT ON THE ENERGY SECTOR

Jan van Zwieten,

Rector of the Netherlands Business Academy, Netherlands

Nataliia Vnukova
Kharkiv National Automobile and Highway University, Ukraine

Lotariev Andrii,
«KROK» University, Ukraine

Currently, the problem of climate change is so urgent and important that it is
considered from various aspects: educational, economic, industrial, social and
political . There is scientific evidence that the climate has changed over the past 150
years, mostly due to human activity. Global temperatures are rising, precipitation is
becoming more unpredictable, the number of extreme natural events is increasing,
and their nature and intensity are becoming difficult to predict [1].

Climate change is predicted to intensify in all regions of the world in the
coming decades, with heat waves, extended warm seasons and shorter cold seasons
expected. According to the IPCC (Intergovernmental Panel on Climate Change),
significant, rapid and sustained reductions in greenhouse gas emissions and the
achievement of zero CO2 emissions are needed to stabilise the climate. Limiting
emissions of other greenhouse gases and air pollutants, such as methane, will have a
positive impact on both human health and the climate.

The IPCC report emphasises that in order to limit man-made global warming to
a certain level, it is necessary to reduce total carbon dioxide emissions to net zero

CO2, as well as significantly reduce other greenhouse gas emissions. Substantial,
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rapid and sustained reductions in methane emissions will also help to limit the
warming effect of reduced aerosol pollution.

The current climate policy of the European Union is as follows. In June 2021,
the European Council adopted the European Climate Law proposed by the European
Commission, which sets a new, more ambitious target: to reduce greenhouse gas
emissions by at least 55% by 2030 compared to 1990 levels.

The law envisages achieving zero greenhouse gas emissions for the EU as a
whole by reducing emissions, investing in green technologies and protecting the
environment. It ensures that EU policies contribute to this goal and that all economic
and social sectors play their part.

The European Climate Law aims to:

- define a long-term strategy for achieving climate neutrality by 2050 in a
socially just and cost-effective way;

- establish a system to monitor progress and take further action if necessary;

- ensure predictability for investors and economic actors;

- guarantee the irreversibility of the transition to climate neutrality [2].

To achieve decarbonisation targets, emissions need to be reduced across all
sectors, from industry and energy to transport and agriculture. In addition to
mitigating the effects of climate change, the EU is also taking adaptation measures to
ensure that it is as prepared as possible for its inevitable consequences.

On 14 July 2021, the European Commission presented a programme to combat
climate change until 2050, called Fit for 55. According to this programme, it is
planned to reduce carbon dioxide emissions in all sectors of the European economy,
including electricity generation, the automotive and residential sectors, as well as
shipping, aviation and agriculture. By 2030, the EU's emissions are to be reduced by
55% from 1990 levels, and by 2050 they are to be brought to zero.

One of the main aspects of the Fit for 55 programme is the introduction of a
cross-border carbon regulation mechanism, which levies customs duties on goods

imported into the EU depending on their carbon footprint. This is intended to protect
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European producers, as stricter climate regulations in the EU increase their costs and
worsen their competitive position compared to producers from countries with less
stringent regulations.

The EU's new climate policy aims to accelerate the reduction of greenhouse
gas emissions over the next decade. The policy includes: expanding the emissions
trading system to new sectors and strengthening the current EU emissions trading
system; increasing the use of renewable energy; improving energy efficiency; faster
deployment of low-emission vehicles and related infrastructure and fuels; aligning
tax policy with EGD targets; measures to prevent carbon leakage; and instruments to
preserve and enhance natural carbon sinks.

The priorities of Ukraine's climate policy should take into account the
opportunities of the European Green Deal for climate change adaptation in Ukraine
and the integration of climate priorities into the country's socio-economic
development programmes. On 5 November 2021, the Verkhovnha Rada of Ukraine
adopted the Resolution ‘On the Address of the Verkhovna Rada of Ukraine to the
United Nations Climate Change Conference’, which includes the 26th session of the
Conference of the Parties to the United Nations Framework Convention on Climate
Change.

The address reaffirms the intention to achieve the goals of the Paris
Agreement, namely to limit the increase in global average temperature to well below
2 °C and to aim for a limit of 1.5 °C. It points to the need to strengthen efforts to
maintain this temperature threshold in order to avoid the worst effects of climate
change, especially for the most vulnerable countries.

It also emphasises support for global climate change goals, in particular,
maximising the availability and attractiveness of clean technologies and sustainable
development solutions in every sector that emits pollutants by 2030.

Taking into account the commitments arising from the COP 26 climate summit
in Glasgow, Ukraine's national climate policy will require adjustments in the

following areas
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- updating legislation in the field of waste management and reducing
greenhouse gas emissions;

- reduction of coal and other fossil fuels consumption, green transformation of
industry;

- establishing a national emissions trading system in line with EU rules;

- establishing the Ukrainian Climate Fund;

- Reforming the environmental control system and adopting relevant
legislation;

- forestry reform to increase the area of forests and implement measures to
protect steppe ecosystems;

- development of measures to combat land degradation and increase the natural
absorption of greenhouse gases [1].

The benefits of the European Green Deal (EGD) for Ukraine lie in the
transformation of the country's current climate policy with a focus on achieving long-
term and sustainable results that will ensure the development and competitiveness of
the national economy. The successful implementation of the EGD opens up a number
of potential benefits for Ukraine, such as facilitating the integration of Ukrainian
production into new EU industrial processes through the introduction of an ‘industrial
visa-free regime’, the development of organic production, and cooperation in the field
of hydrogen energy. There is a potential for entering the European public
procurement market, access to financial and technical instruments of EU support for
climate change adaptation, integration of Ukraine's protected areas into the NATURA
2000 network through the creation of special financial instruments, and further
establishment of Ukraine as a full-fledged participant in a climate-neutral Europe.
‘The Energy Green Transition will stimulate the development of high-tech
production, increase demand for goods and services related to clean technologies, and
ensure the transformation of industrial production and export structure.

The impact of climate change on the development of the energy sector is

manifested in the following aspects:
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- Climatic conditions largely determine the operation and technical and
economic performance of all types of power plants, so climate change may require
adjustments to the design and operation of power plants.

- Changing climate conditions affect energy demand, which can significantly
change heat and power consumption in different regions.

- In the energy sector, it is virtually impossible to accumulate and store
products, so energy needs must be forecasted and accounted for in advance.

- Climatic conditions have a significant impact on the environmental impact of
energy facilities [1].

The reliability and availability of thermal power plants (TPPs) and nuclear
power plants (NPPs) to operate efficiently and at their intended capacity are critical to
ensuring energy security in the face of climate change and other unforeseen
circumstances. Low-snow winters are becoming a problem for hydroelectric power
plants (HPPs), as they reduce the volume of water in reservoirs and, as a result,
electricity generation. The supply of fuel and water to TPPs and NPPs, as well as the
efficiency of cooling their power units, largely depend on climatic factors. For
example, an increase in precipitation can lead to the wetting of coal in open storage
facilities, which reduces the thermal efficiency of power plants by 1-3%. On a
national scale, this results in additional fuel consumption of up to 0.5-1.0 million
tonnes in terms of standard fuel annually. Fluctuations in air temperature also have a
significant impact on the efficiency of gas turbines: a 5°C increase in temperature
reduces energy production by 1-4%. Changes in the frequency and intensity of
hazardous weather events (tornadoes, heavy rain, extreme temperatures and wind
speeds) can damage power plant units and pose a threat to surrounding communities.

Climate information in the thermal energy sector is used mainly in the design
and construction of energy facilities. A large set of climatic parameters is taken into
account when choosing a TPP location and a specific site for their construction.
When determining the design capacity of a TPP based on steam power plants, it is

mandatory to take into account the design air temperatures: the coldest and hottest
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day. The continuous duration with 90%, 95%, and 99% of different combinations of
temperature and relative humidity is also important [1].

Nuclear power plants are hazardous facilities where consideration of extreme
weather impacts is critical to ensure reliability and safety. To accurately calculate the
probabilities of extreme meteorological events, it is necessary to use observations for
at least 100 years, as well as to take into account earlier data on hazardous events, if
available in historical sources. NPP cooling processes are similar to those described
for thermal power plants, but the risks of accidents and their possible consequences
increase the requirements for the necessary climate information. When designing and
operating a nuclear power plant, the availability indicators are taken with a large
margin. Adverse meteorological conditions, such as hurricanes, typhoons, tornadoes,
extreme temperatures, ice, lightning, avalanches, snow and extreme wind loads, are
taken into account when selecting a site for a plant, with a 0.01% reliability
(recurrence rate of 1 in 10,000 years).

The main calculated characteristics of the hydrological regime for water bodies
that support the operation of nuclear power plants include maximum observed and
calculated water discharges, levels of rain floods and spring floods with a water
availability of up to 0.01 %; minimum observed and calculated water discharges in
winter and summer-autumn periods, as well as levels of different availability,
including 97%; average annual runoff with different availability, including 97%;
intra-annual distribution of runoff by seasons and months for years with 50%, 95%
and 97% availability; and calculated maximum runoff discharges with availability up
t0 0.01%.

Hydropower generation has always been heavily influenced by climate. The
natural and climatic conditions of the region determine the design of water retaining
structures, the composition of the hydroelectric power plant, the operating modes of
hydroelectric power plants (HPPs) and the use of water resources by other
consumers. Both at the design stage and in the course of further operation of

individual HPPs or cascades, it is important to take into account data on air
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temperature and humidity, wind conditions, and precipitation, which determine the
runoff and, consequently, the volume of water inflow into the reservoir and the levels
in the upper and lower reaches. Information on extreme meteorological indicators, in
particular, data on precipitation amounts of rare occurrence (1.0%, 0.1%), is of
particular importance when designing spillway structures at hydropower plants.

In the process of economic justification of hydropower plant construction,
changes in monthly precipitation affecting electricity generation are taken into
account. Inflow rates during the high water period also depend to a large extent on
the intensity of snowmelt. If the inflow exceeds the norm, idle water releases may be
required; if the inflow is less than the norm, the reservoir may remain full until the
end of the flood. In such cases, the shortfall in hydropower generation is compensated
by the power of thermal power plants. HPP projects contain data on average monthly
precipitation and maximum daily precipitation. Data on the recurrence of particularly
dangerous precipitation in terms of intensity and duration, which can threaten
hydraulic structures, is taken into account.

Changes in climatic conditions in a particular area can affect hydropower
generation and operating conditions through the following factors:

- Changes in precipitation and evaporation can lead to changes in the volume
of runoff and its annual course, for example, a shift in the spring flood to an earlier
period.

- Changes in the intensity and frequency of extreme weather events (floods and
droughts) can increase the cost of hydropower projects and change the operating
conditions of hydropower plants.

- Changes in the movement of suspended sediments can increase turbine wear
and tear and reduce power generation.

- Changes in the ice regime will affect the operating conditions of hydropower
plants [2].

However, climate-related changes in river flows are of the greatest importance

for hydropower generation. The generation of hydropower at specific hydropower
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plants in different years, given unchanged technical conditions and a stable economic
situation, mainly depends on changes in the inflow of water to the reservoir. A
decrease in inflow will lead to a decrease in hydropower generation, while an
increase in inflow will lead to an increase in generation.

The impact of climate on fossil fuel energy production is mainly related to the
efficiency of the generation cycle and the requirements for cooling systems of power
units. This impact is driven by the need to heat and cool power plant units both
during the Rankine cycle (a thermodynamic cycle of heat to work using a two-phase
working fluid such as water, mercury or freon, including evaporation and
condensation) and the Brayton cycle (a thermodynamic cycle describing the
operation of gas turbine engines with a closed loop of gaseous working fluid).

One of the main indicators of the efficiency of generating capacities is the
installed capacity factor (ICF) of power plants. This coefficient is determined by
numerous factors, including the type of equipment installed, the structure and number
of consumers, the level of heat load (for thermal power plants), the level of water in
reservoirs (for hydropower plants), the competitiveness of electricity and heat prices,
as well as the quality of operation, repairs, reconstruction and technical condition of
equipment. Meteorological conditions also have a significant impact on the EWC.
For example, an abnormal heat wave can lead to a reduction in the capacity of power
units or their complete shutdown, as happened in 2011 in some regions of the United
States and France.

The efficiency and reliability of thermodynamic cycles varies depending on the
average ambient conditions, such as air and water temperature, pressure, humidity,
and the optimal choice of cooling system. As the temperature rises, the specific
volume of air and energy consumption in the compressor increases, resulting in a
decrease in energy output. Higher air temperature reduces atmospheric pressure,
which reduces fuel combustion efficiency due to insufficient oxygen concentration.
Existing data shows that when the critical temperature is reached, there is a sharp

decline in power output.
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Thus, ambient temperature has a significant impact on the efficiency of
turbines, boilers and generating sets. notes that during a heat wave, the capacity of
nuclear power plants can be reduced by more than 2% for a 1°C increase in air
temperature due to the physical limitations of cooling systems associated with
environmental regulations. An important aspect is the availability and quality of
water used in power plant cooling systems, as this makes them vulnerable in
conditions of limited water resources and competition with other water users. For
example, in the US, each kilowatt-hour of electricity generated in the steam cycle
requires about 94.6 litres of water. It is expected that by 2030, the availability of
water resources in the US will decrease by 30% compared to 2005, while water
consumption in cooling systems will increase by almost 50%. This is due to increased
water loss through evaporation and a decrease in the volume of water returned to
water bodies [1].

Rising water temperatures put limits on cooling systems at nuclear and thermal
power plants, which can lead to risks to their normal operation. A 5°C increase in
water temperature reduces the efficiency of a nuclear power plant by an average of
1%. NPPs and thermal power plants with direct-flow cooling systems are more
vulnerable than those using closed cooling systems with cooling towers. Direct-flow
systems discharge waste water into water bodies and return it back, usually at higher
temperatures. Water discharge regulations require that the temperature of the used
water be lowered, which leads to a reduction in power output. Otherwise, power
plants can face fines and other sanctions. However, during extreme heat waves, warm
water is allowed to be discharged to maintain power supply, despite the negative
impact on the environment.

An example of the impact of temperature changes on NPP operations is the
situation that occurred in the summer of 2003 in Europe, when France experienced
one of the hottest heat waves in the history of meteorological observations. Air
temperatures were 20-30% higher than average, reaching 40°C for two weeks in

August. Low precipitation in July and high temperatures led to water shortages and
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deterioration of operating conditions at thermal power plants and nuclear power
plants. France, which has 19 NPPs providing 80% of its electricity, has experienced
difficulties due to its dependence on the temperature of water in natural reservoirs. 14
of the 19 plants are located near inland water bodies, while the remaining five are
near the sea. During the heatwave, water temperatures in rivers exceeded the
permissible limits, which slowed down reactor cooling.

As a result, France was forced to reduce its generating capacity by 4,000 MW,
which is equivalent to the capacity of four power units or 6% of all French NPPs.
Seventeen reactors were shut down or reduced production due to restrictions on water
intake and discharge of overheated water. In total, the reduction in nuclear electricity
during the summer amounted to 5.3 TWh. Nuclear safety regulators allowed the
discharge of water with a temperature of up to 30°C, which is significantly higher
than the standard limit of 24°C. As a result, the country's electricity supply did not
experience any significant disruptions, despite the increase in demand. However,
France, as a key electricity producer in Europe, was forced to halve its energy exports
to Switzerland, the United Kingdom, Italy, Belgium and Spain during peak hours [1].

Energy production and consumption are responsible for more than 75% of
greenhouse gas emissions in the European Union. Therefore, decarbonising the
energy system is critical to achieving the 2030 climate goals and the EU's long-term
strategy to achieve carbon neutrality by 2050.

The European Green Deal focuses on three main principles of the transition to
clean energy, which will help reduce greenhouse gas emissions and improve the
quality of life of citizens:

- ensuring reliable and affordable energy supplies in the EU;

- developing an integrated, interconnected and digitalised EU energy market;

- prioritising energy efficiency, especially in buildings, and developing an
energy sector based on renewable energy sources.

The main objectives of the European Commission to achieve these goals

include
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- building interconnected energy systems and improving grid integration to
support renewable energy sources;

- promoting innovative technologies and modern infrastructure;

- improving energy efficiency and environmental design of products;

- decarbonising the gas sector and supporting smart integration between
sectors;

- empowering consumers and helping EU countries to overcome energy
poverty;

- promoting EU standards and technologies on the global stage;

- developing the potential of offshore wind energy in Europe [2].

In order to reduce greenhouse gas emissions by at least 55% by 2030, it is
necessary to increase the share of renewable energy and improve energy efficiency.
Therefore, the European Commission proposes to increase the mandatory target for
renewable energy sources in the energy sector to 40% and in the electricity market to
65%. During the transition period to green transformation, the EU should ensure the
most efficient functioning of the gas market.

The transition to clean energy should involve consumers and bring them
benefits. Renewable energy sources will play a key role in this. In particular,
increasing offshore wind power generation is important through regional cooperation
among EU member states. Smart integration of renewable energy sources, energy
efficiency, and other sustainable solutions in specific sectors will help achieve
decarbonization at minimal cost [3].

According to the State of the Energy Union 2021 report released by the
European Commission in October 2021, renewables overtook fossil fuels as the main
source of energy in the EU for the first time in 2020, generating 38% of electricity
compared to 37% for fossil fuels. At the moment, 9 EU member states have already
phased out coal, 13 others have committed to phase out, and 4 more are considering

possible timelines.
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However, renewable energy sources do not ensure the complete withdrawal of
thermal power plants, which perform the function of peak maneuvering during hours
of fluctuating electricity consumption. This issue became relevant in the EU in the
summer of 2021, when northern Europe experienced a long windless period, which
led to a decrease in wind power generation. To compensate for the shortage of energy
from renewable sources, which accounted for 42% of EU generation in the second
quarter of 2021, producers were forced to restart coal-fired power plants that were in
reserve. This led to a 29% increase in electricity production at such plants in the third
quarter of 2021 and a 19% increase in carbon dioxide emissions in the EU energy
sector compared to the same period of the previous year [3].

The transition to climate neutrality requires smart infrastructure. Regulatory
frameworks for energy infrastructure, including the TEN-E Regulation, need to be
revised to ensure compliance with climate neutrality. This framework should promote
the deployment of innovative technologies and infrastructure, such as smart grids,
hydrogen networks or carbon capture, storage and utilization technologies, as well as
energy storage and sector integration. Existing infrastructure and assets need to be
updated to maintain their suitability and resilience to climate change.

Sectoral integration means linking different energy carriers - electricity, heat,
cold, gas, solid and liquid fuels - to end uses such as construction, transportation or
industry. This allows optimizing the energy system as a whole, not just decarbonizing
and improving the efficiency of individual sectors. The new EU strategy combines
various existing and new technologies, processes and business models, including
ICT, digitalization, smart grids, meters and flexible markets.

Current hydrogen consumption in Europe is less than 2%, and it is mainly used
to produce chemicals such as plastics and fertilizers. About 96% of hydrogen is
produced from natural gas, which is accompanied by significant CO2 emissions.

However, hydrogen can also be produced from renewable energy. Renewable

hydrogen (“green” or clean) is expected to play a key role in decarbonization sectors
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where other alternatives may not be possible or expensive. These sectors include
transportation and energy-intensive industrial processes [1].

“Green hydrogen can be produced by electrolysis, using renewable electricity
to split water into hydrogen and oxygen. Pure hydrogen can be used to replace fossil-
based hydrogen in industrial processes or to produce new industrial products such as
green fertilizers and steel. It can also be used in the transportation sector, especially
in heavy and long-distance trucks, buses, ships and aircraft.

Pure hydrogen is also compatible with the electricity sector, which is
increasingly being driven by renewable energy, providing long-term and large-scale
storage, as well as adding flexibility to the energy system.

In July 2020, the European Commission presented the Hydrogen Strategy for a
Climate Neutral Europe. This strategy outlines the EU's Hydrogen Roadmap to 2050
and integrates different areas of activity, covering research, innovation, production,
infrastructure and the international dimension. It identifies how the production and
use of renewable hydrogen can contribute to the decarbonization of the EU economy
in a cost-effective manner in line with the EGD.

In addition, along with the Hydrogen Strategy, the European Clean Hydrogen
Alliance was launched in 2020 as part of a new industrial strategy for Europe. The
Alliance brings together industry, national and local authorities, civil society and
other stakeholders. The main goal of this alliance is to realize hydrogen technologies
by 2030 by connecting renewable and low-carbon hydrogen production, demand in
industry, transport and other sectors, and ensuring hydrogen transmission and
distribution.

A faster and more ambitious energy transition in the EU could facilitate
accelerated changes in the Ukrainian energy sector. This includes the closure of coal
mines, decommissioning of the outdated fleet of coal-fired power plants, and the
transformation of coal regions.

At the COP 26 climate summit in Glasgow, more than 40 countries, including

Ukraine, pledged to gradually phase out the use of coal in the energy sector. The
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agreement stipulates that larger economies should abandon coal generation by 2030,
and smaller ones - by 2040 [1].

The refusal to use coal, announced at the Glasgow summit, creates a new set of
problems for Ukraine that will need to be addressed. These include the loss of more
than 50,000 jobs in the mining and electricity sectors, the transformation of coal
regions and social protection for their residents, addressing socio-economic issues of
territorial communities after the closure of coal mines, as well as systemic
environmental problems such as waste and waste heaps management, pollution of
water sources by mine water, and reclamation of areas affected by coal mining.

Achieving carbon neutrality is impossible without overcoming the crisis in
energy markets, which impede the integration of Ukraine's energy systems with

European ones.
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SECTION 1.2 MESOPHILIC ANAEROBIC
FERMENTATION OF BROADLEAF CATTAIL
SUSPENSIONS UTILIZING FERMENTED YEAST
PRODUCTION RESIDUES AS A STARTER CULTURE

Malovanyy Myroslav,
Zhuk Volodymyr,
Tymchuk Ivan,
Vronska Nataliya,
Kochubei Viktoria,

Lviv Polytechnic National University, Ukraine

Biological wastewater treatment in different types of wetlands is actively
applied for the treatment of surface runoff, domestic and industrial wastewater of
various compositions [1]. In the case of uncontrolled development of these
hydrobionts they can cause the strong secondary pollution of water bodies by the
products of their biodegradation, leading to eutrophication [2]. Thus, all types of
wetland plants, used for wastewater treatment, usually should be harvested to remove
nutrients from the system [3].

Modern methods of zero waste sustainable recovery process from solid and
wastewater feedstock using microbial energy generation systems, comprehensively
analyzed in [4], are effective for nutrient recovery, heavy metal removal and for
biofuels generation, mainly biohydrogen and biomethane. A new comprehensive
review of the problem presented by Kurniawan et al. [5] indicates that macrophytes
used in various types of wetlands are great agents of wastewater treatment due to
their high nutrient uptake capability. Moreover plant biomass can be effectively
converted into valuable products such as animal feed, biochar, biofuel and fertilizers
[6]. Anaerobic digestion (AD) of aquatic plant biomass not only provides production
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of heat and electricity [7], but also restores nutrients and organic matter for reuse in
agriculture [8], effectively closing their cycle [9], which is a basic principle of
sustainable development [10]. There are many results that confirm the high efficiency
of wetlands planted by the common reed (Phragmites australis) as an effective
natural mean of surface and wastewater treatment, which can be followed by
anaerobic digestion of additional biomass and biomethane production [11]. Large-
scale field studies, conducted in Narew National Park (Poland), indicated that
common reed is the plant species with the highest biomass yield 9.78 + 1.66 t TS -
ha™ - year * [9].

A number of studies indicate also the prospects for the use of broadleaf cattail
(Typha latifolia) in such systems [12]. Broadleaf cattail is naturally occurring plant
that is widespread in wetlands throughout Europe, and it is able to produce an
aboveground peak biomass of 1-3 kg of dry matter per 1 m? annually. The biomass of
Typha latifolia contains 39-44% of carbon, 5.4-5.7% of hydrogen and 0.83-1.3% of
nitrogen, and its energy value is 17.3-18.2 MJ/kg. Along with low nitrogen content
(<2%) broadleaf cattail has quite high relative content of P with N:P ratio in the range
of 5-9 [13].

Specific methane yield (SMY) of six typical wetland species including Typha
latifolia was comprehensively studied by Czubaszek et al. [14]. For each plant
species, specific yield of biomethane at different values of the initial humidity of the
substrate was obtained: for wet fermentation process with total solids (TS) content
5wt.% and for dry fermentation process with TS=12%. Mesophilic anaerobic
digestion was enhanced by the fermentation inoculum, sampled from a storage tank
of digestate at biogas plant processing maize silage, and high ratios of inoculum
volatile solids to substrate volatile solids was used in this study, namely 2:1 for the
wet fermentation and 1:1 for the dry fermentation process. Specific biomethane yield
in the wet process was obtained 20-50% higher than with dry fermentation for all 6
species of aquatic plants. Specific biomethane yields of 224-250 mL-gys - was
obtained with wet fermentation of Typha latifolia, and 179-191 mL-gys * for dry
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fermentation respectively. These values were almost equal to the SMY for digestion
of Phalaris arundinacea suspension, and exceeded on (34-48)% the same results for
Phragmites australis, with average SMY of 160 mL-gys * for wet fermentation and
138 mL-gys * for dry fermentation process [15].

Broadleaf cattail and other typical wetland aquatic plant species have high
content of cellulose, hemicellul in the conversion into glucose of 66.8%, 54.8% and
62.0% of cellulose, respectively, and ose, and lignin, so various types of physical,
chemical, biological or combined pretreatment can be used to enhance their anaerobic
decomposition [16]. Pretreatment of cattail harvested at constructed wetlands in the
North Carolina using 4% NaOH, 1% H,SO,, and by high temperature resulted high
temperature pretreatment (at 180-190°C) was 2-5 times more effective comparing the
temperature 121°C. Thermochemical pretreatment of sweet potato root waste was
found to be effective in terms of increasing both specific biogas yield (by 33.9%) and
methane content (by 52.4%), reducing at the same time the digester retention time
from 22 to 16 days [17]. Thus, thermochemical pretreatment of plant biomass is
productive, but at the same time it is particularly energy consuming.

Co-digestion of plant biomass with sewage sludge is also potentially effective
due to the optimization of feedstock C/N ratio, and could enhance biogas production
up to 50% [18]. However, the use of sewage sludge, which potentially contains a
significant amount of toxic contaminants, imposes significant restrictions on the
subsequent agricultural use of digestate. There are number of studies reporting the
effective co-digestion of water plant biomass with agricultural residues such as rice
straw and with food waste [19].

Perspective ways of the intensification of anaerobic digestion of lignocellulosic
plant biomass is a pretreatment by fungi and enzymes. Rumen cultures are widely
used for the biological pretreatment of wetland plant lignocellulosic biomass, which
leads to higher solubilization of cellulose, hemicellulose, and sometimes lignin,

resulting in an increase in biogas production [20].
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The addition of anaerobically digested yeast-based biomass to aquatic plant
suspensions can be also potentially effective. Two different yeast species
(Saccharomyces cerevisiae and Pichia stipitis) were studied as inoculum for the
anaerobic digestion of the sugars released by cattail cellulose to obtain bioethanol.
Both strains produced similar amounts of ethanol (approximately 0.48% w/v), and
glucose to ethanol yields for both strains were approximately 95% of the theoretical
possible. Additives of the yeast strains in some cases were used successfully to
increase biogas output in the anaerobic digestion of different types of food waste.
Nzeteu et al. demonstrated that the anaerobic recovery of volatile fatty acids is a
result of cooperative microbial activity involving fungi and bacteria [21].

This study hypothesizes the possibility of intensifying the process of anaerobic
digestion of aquatic plant biomass using the inoculum, sampled from the anaerobic
digester for processing yeast residues, containing mainly Saccharomyces cerevisiae
yeast strain. The purpose of this study was to find experimentally in lab-scale
conditions the effects of the dry mass content and of inoculum dosage on the specific
biogas yield and on the degree of decomposition of volatile solids of broadleaf cattail
in the process of mesophilic anaerobic digestion.

The following materials and methods were used in the study.

As for the materials, the following were used.

Water suspensions of broadleaf cattail were digested anaerobically to study the
effect of yeast residues inoculum on the AD process. Broadleaf cattail sample was
harvested in the Yaniv Lake wetland, Lviv region, Ukraine (49.92N; 23.75E). Plant
biomass was shredded in a blender to the suspension with particles of not more than 2
mm. Content of total solids (TS) in the cattail suspension, measured by standard
laboratory technique, was found equal to 132 g-L %, and volatile solids (VS) — 93.1
gLt or 70.5% from TS.

Inoculum sample was taken from the industrial digester of Lviv Yeast
Company, Ukraine, which produces bakery vyeasts, mainly of the species

Saccharomyces cerevisiae. Distribution of TS and VS contents by size fractions is
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presented in Table 1.2.1. Total TS content in the inoculum was equal to 69.48 g-L™*
and VS content — 66.7% from TS. Methanogenic activity of yeast inoculum was 0.46
kg COD per 1 kg VS per day.

Table 1.2.1 - Total solids and volatile solids in the yeast residues inoculum by

fractions
Fraction TS (g'LY) VS (gL VS (%TS)
>1.0 mm 4.08 0.557 13.65
0.56-1.0 mm 4.64 1.511 3257
0.25-0.56 mm 11.10 7.242 65.24
<0.25 mm 49.66 36.998 74.50
Total 69.48 46.308 66.65

Composition and main initial parameters of suspensions of broadleaf cattail
and yeast inoculum before the digestion are presented in the Table 1.2.2. Two-
parameter lab-scale study was done, including two values of TS content in
suspensions (5 and 10 wt.%) and two dimensionless TS based mass fractions of
inoculum X;, (0.05 and 0.2). Mesophilic AD process of four suspensions with
different combinations of these two parameters was studied, and four different values
of inoculum TS content in the range 0.25-2.0 wt.% were obtained. Total initial mass
of all samples, including cattail biomass and innoculum, was the same and equal to
500 g, and distilled water was added to obtain TS 5 wt.% and 10 wt.%. Total content
of volatile solids in samples No 1 and No 3 before the digestion was approximately
about 35 g-L™!, while in samples No 2 and No 4 — about 70 g-L™". Comparing the
previous studies of inoculum enhanced anaerobic digestion of plant biomass [14] a
much less proportion of inoculum was used in the presented study, and initial VS
based inoculum to substrate ratio (ISR) was equal to 0.05 for samples No 1, No 2 and
0.237 for samples No 3, No 4. The initial pH values were slightly higher for samples

No 3, No 4 with a higher mass fraction of inoculum.
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Table 1.2.2 - Initial parameters of suspensions of broadleaf cattail and yeast

inoculums
Sample TS (Wt.%) Xin TSin (Wt.%) VSt (g:L7Y) ISR pH
No 1 5 0.05 0.25 35.16 0.05 7.03
No 2 10 0.05 0.5 70.31 0.05 6.76
No 3 5 0.2 1.0 34.87 0237 | 7.48
No 4 10 0.2 2.0 69.74 0237 | 7.42

The laboratory block of the fermentation process was carried out as follows.

The kinetics of biogas output was studied on a specially designed laboratory
digestion unit (Fig.1.2.1). The main component of the anaerobic digestion
experimental unit is a thermostatic incubator TCP-01-5-BMT (1), which provides
automatic constant temperature mode for 10 anaerobic reactors 2, each with nominal
volume of 1 L. Reactors 2 were covered with a black polyethylene lining to prevent
them from the direct sunlight. Water temperature in the incubator 1 was maintained
in the range of 34+0.5°C, which corresponds to the mesophilic digestion process.
Thermostatic incubator 1 has an option of periodic shaking of reactors 2 with a

specified frequency.

1 — thermostatic incubator; 2 — anaerobic reactors; 3 — water bath;
4 — gas-holding and measuring eudiometer flasks; 5 — biogas output tubes

Figure 1.2.1 - Experimental unit for studying the kinetics of the anaerobic digestion
in the batch mode
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Hermetically closed and immersed in water reactors 2 were equipped with
transparent polyethylene tubes 5 to remove biogas. Due to the pressure difference
biogas flowed through the tubes 5 into laboratory gas-holding and measuring glass
flasks 4 with nominal volume of 500 mL. Flasks 4 were inverted upside down and
immersed in a water-filled bath 3. The pH value of the water in the bath 3 was
maintained below pH=5 to prevent the dissolution of CO, containing in the biogas, so
as an inorganic carbon in water solutions at such pH is mainly in the form of carbon
dioxide.

Total duration of the anaerobic digestion, carried out in batch mode, was equal
to 24 days. Anaerobic reactors were shook automatically for 1 min every hour. Real-
time monitoring of the biogas accumulation in the graded gas-holding eudiometer
flasks 4 was done using a remote video surveillance system. Stream video from the
webcam was continuously transmitted to the cloud storage, and the current values of
the biogas volume were regularly recorded, allowing the continuous control over the
kinetics of biogas output.

Chemical composition of biogas was measured once a day using a 5-
component portative gas analyzer Dozor-5M. Four gases were monitored for the
evaluation of biogas quality, namely methane CH,, vol.%, ammonia NH;;, mg/m?,
hydrogen sulphide H,S, mg/m?, and carbon dioxide CO,, vol.%. Fifth component was
oxygen to control the anaerobic conditions inside the reactors.

Thermo-gravimetric analysis was used for the assessment of the biodegradation
degree of the plant biomass in the result of anaerobic digestion. A number of previous
studies confirmed the effectiveness of this method for the analysis of AD process of
livestock and food wastes, roadside grass and directly of the broadleaf cattail [22].

Thermo-gravimetric studies of digestate samples of broadleaf cattail
suspensions, anaerobically digested using the yeast residues inoculum, as well as the
inoculum dry mass itself, were performed on a Q—1500D derivatograph of the Paulik-
Paulik-Erdey system with computer recording of weight losses and thermal effects.

The samples were analyzed in a dynamic mode in air with a heating rate of 5°C/min.
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The weight of the samples was 100 mg, and the reference substance was aluminium
oxide Al,Os.

The following results were obtained and discussed in the course of the study.

Integral curves of specific biogas yield in the process of the 24-days lab-scale
anaerobic mesophilic digestion of broadleaf cattail suspensions with the yeast
residues inoculum were obtained (Fig. 1.2.2). Multistage biogas yield curves were
obtained, which can be explained by sequential digestion of various components of
suspensions. A specific feature is a fairly active formation of biogas in all four
samples in the first day of the study with the highest specific biogas output for the
sample No 3 with TS= 5 wt.% and Xj,= 0.2. Active methanogenesis in the first day of
the study can be explained by the digestion of inoculum, containing previously
formed centres of biochemical reactions. After the initial stage of active
methanogenesis, more or less clear horizontal sections of different duration are
observed on all four curves of specific biogas yield gpq (Fig. 2). This can be probably
a result of the transition of digestion process from the use of inoculum in biochemical
reactions, to the formation of centres of biochemical reactions in the plant substrate
induced as a result of the fermentation process. The highest rate of methanogenesis
and the largest total and specific biogas yields were obtained for the suspension No 4

with the dry matter content TS= 10 wt.% and mass fraction of inoculum X;,= 0.2.

TS =5 wt.%, Xin=0.2

TS =10 wt.%, Xin=0.2

4 (ML/gVS)

TS =5 wt.%, Xin=0.05

TS =10 wt.%, Xin=0.05

0 5 10 15 20 25
Time (days)
Figure 1.2.2 - Specific biogas yield in the lab-scale mesophilic anaerobic digestion of
broadleaf cattail suspensions (error bars £4% are specified)
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Total biogas output increased with increasing both dry matter content and mass
fraction of inoculum. Moreover, the effect of inoculum is much stronger, so at low
inoculum content (X;,=0.05) increasing of dry matter content did not caused the
increasing of total biogas output (Table 3). At the same time, with a sufficiently high
content of inoculum X;,=0.2, the increase of dry matter content from 5wt.% to
10 wt.% led to an almost proportional increasing of the biogas volume.

Specific biogas yield varied from 23.9 mL-gys " for the sample No 2 to 91.2
mL-gys ' for the sample No 4. It is important that at low content of inoculum
(Xin=0.05) specific biogas yield is 2.0 times higher for wet digestion process with
TS=5 wt.% comparing the suspension No 2 with TS=10 wt.%. Comparing the results
for the samples No 4 and No 2 with TS=10 wt.% both, it should be noted that the
specific biogas output is almost proportional to the mass fraction of the inoculum, it
is 3.8 times higher for the suspension with X;,=0.2 than for the suspension with
Xin=0.05 (Table 1.2.3).

Average methane content in the obtained biogas varied from 29.0% for the
suspension No2 (TS= 10 wt.%, X;,=0.05) to 64.0% for the suspension No 4
(TS= 10 wt.%, X;,=0.2). Thus, dependency of the specific methane yield vs the TS
content and inoculum fraction are qualitatively the same as the specific yield of
biogas, only more pronounced, varying in the range from 6.9 mLcus-gys - for the
sample No 2 to 58.4 mLcus-gys * for the sample No 4.

Table 1.2.3 - Main output parameters of mesophilic anaerobic digestion of

broadleaf cattail and yeast residues inoculums

Sample
Parameter

No 1 No 2 No 3 No 4
Total biogas output (NL) 0.825 0.84 1.455 3.18
Specific biogas output (mL-grs *) 33.0 16.8 58.2 63.6
Specific biogas yield (mL-gys ) 46.9 23.9 83.5 91.2
Mean CH, content (vol.%) 45.0 29.0 40.0 64.0
Specific methane yield (MLcus'gvs ) 21.1 6.9 334 58.4
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Thus, adding of the yeast residues inoculum to broadleaf cattail suspensions
increases both the total amount of biogas obtained and specific methane yield, e.g. for
the suspension No 4 with total solids 10 wt.% and mass fracture of inoculum X;, =0.2
specific biomethane yield 58.4 mL-gys © was obtained, which is 8.5 times higher
comparing the suspension No 2 with TS= 10 wt.%, X;, = 0.05. It should be noted, that
obtained values are significantly less than the specific methane yield of
170 mL-gys ', obtained for Phragmites australis by Ohlsson et al. [8], which can be
explained by about 4 times longer duration of mesophilic digestion in the
comparative study (100 days) and almost three orders of magnitude larger working
volume of the digested biomass (430 L vs. 0.5 L in the current study). On the other
hand, the obtained experimental results correlate well with the average actual specific
yield of biomethane on the industrial methane tank of the Enzym Company, which is
about 61 mL- gvs_l.

The main results of the complex thermal analysis of digestate samples No 1-
No 4, as well as inoculum from the digester of wastewater treatment of yeast
production, obtained using a derivatograph Q-1500D of the Paulik-Paulik-Erdey
system are presented in Table 1.2.4. In particular, the temperature intervals of each
stage of thermal destruction of the samples and the corresponding thermal effects, as
well as the temperatures of the extremes of thermal effects and the weight losses of

the samples at each stage of thermal destruction are presented.

Table 1.2.4 - The results of combined thermal analysis of anaerobically

digested suspensions of broadleaf cattail and yeast residues inoculums

Sample Temperature range, °C Weight losses, % Thermal effect
Digestate No 1 20 -129 4.64 endothermic, Tpay = 95 °C
TS =5wt.%, 129 - 200 7.64 endothermic
Xin = 0.05 200 — 369 41.74 exothermic, T = 287 °C

369 — 750 32.43 exothermic, T = 445 °C
Digestate No 2 20-125 4.05 endothermic, Tpa = 98 °C
TS =10 wt.%, 125-201 10.73 endothermic
Xin=0.05 201 - 369 38.90 exothermic, Tya = 300 °C
369 750 34.40 exothermic, Tpay = 457 °C
Digestate No 3 20 -134 4.92 endothermic, Ty = 94 °C
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TS =5wt.%, 134 -185 3.11 endothermic
Xin=0.2 185 — 355 37.73 exothermic, Tpa = 275 °C
355 — 750 34.84 exothermic, Tpa = 462 °C
Digestate No 4 20-128 6.78 endothermic, T = 93 °C
TS =10 wt.%, 128 — 189 5.06 endothermic
Xin = 0.2 189 — 348 35.56 exothermic, T = 275 °C
348 — 750 32.94 exothermic, T = 488 °C
Yeast residues 20-171 8.05 exothermic, Tpa = 125 °C
inoculum 171-215 2.84 endothermic
215374 31.48 exothermic, T = 278 °C
374 - 750 36.38 exothermic, Tpax = 504 °C

Thermal destruction of digestate samples No 1 — No 4 proceeded by a similar
mechanism, as follows from the similar shape of thermograms. Complete
thermogram of the sample No 4 (TS= 10 wt.%, X;, = 0.2), which is the most efficient
in terms of specific biogas yield, is presented in Fig. 1.2.3. Thermo-gravimetric
curves (TG) show the weight losses of the samples when heated. Differential thermo-
gravimetric curves (DTG) show the rate of weight losses in time, and they are the

result of differentiation of TG curves. The differential thermal analysis curves (DTA)

show the thermal effects of the corresponding transformations of samples.

Thermal destruction of all digestate samples occurs in four characteristic stages
(Table 4). At the first stage of thermal destruction, in the temperature range of 20-134

°C, water adsorbed by the samples is released. This process is accompanied by loss of

sample mass and the appearance of endothermic effects on DTA curves.

Figure 1.2.3. - Thermogram of the digestate sample No 4 (TS= 10 wt.%, X;, =0.2)

DTG,%/min

T T T T T T T %
o 100 200 300 400 500 600 700 800
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At the second stage of thermal destruction, in the temperature range of 125-
201°C, endothermic processes of dehydration of cellulose residues take place. In this
temperature range there is also a partial destruction of the inoculum that is a part of
the samples. It should be noted that samples with lower mass fraction of inoculum
have a higher content of constitutional water bounded by cellulose. This indicates a
less profound transformation of the sample components caused by the inoculum.

At the third stage, in the temperature range 185-369°C, thermo-oxidative
destruction of the sample components and combustion of residues take place. This
process is accompanied by intense weight losses of the samples and the appearance of
strong exothermic effects on the DTA curves. It should be noted that the samples of
digestate with higher content of inoculum are less thermal stable ones. Start of
destructive and thermo-oxidative processes in these samples at the third stage of
thermal destruction is shifted to lower temperatures. Thus, the decomposition of the
digestate sample No 3 begins at temperature of 185°C, and of the sample No 4 at
temperature of 189°C, while the decomposition of samples No 1 and No 2 starts at
temperatures of 200°C and 201°C, respectively. In the third stage of thermal
destruction, samples No 3 and No 4 lose weight more intensely, as indicated by
deeper extremes on the DTG curves of these samples (Fig. 1.2.4) and the shift of the
maxima of exothermic effects on the DTA curves in the region of lower temperatures
(Table 1.2.4). The lower thermal stability of samples with a higher mass fraction of
inoculum can be explained by the presence of a larger number of less thermally stable
compounds that are the products of the biological decomposition of broadleaf cattail

components during the AD process.
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—— digestate No 1
—-—- digestate No 2
— — — digestate No 3
~--=- digestate No 4
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Figure 1.2.4 - DTG curves for digestate samples and inoculum

sample in temperature range of 20-400 °C

It should be noted that the sample of yeast residues inoculum, in comparison
with the samples of digestate No 1-No 4, has higher thermal stability. The weight
losses 8.05% of the inoculum sample in the temperature range of 20-171°C, which is
accompanied by an endothermic effect on the DTA curve, correspond to the release
of volatile components of the sample. Low weight losses (2.84%) in the temperature
range of 171-215°C correspond to the initial destructive processes in the inoculum
sample. The beginning of intense weight loss of this sample is shifted to the region of
higher temperatures (above 215°C). During thermal destruction in the temperature
range of 215-374°C, inoculum sample loses weight less intensively (31.48%) in
comparison with digestate samples No 1-No 4 (35.56-41.74%). And finally, in the
temperature range of 374-750°C, the destruction of degradation residues takes place;
this process corresponds to the weight losses 36.38% and the exothermic effect on the
DTA curve.

The research has led to the following conclusions.

Mesophilic anaerobic digestion of broadleaf cattail suspensions enhanced by
the addition of inoculum, sampled from the yeast residues anaerobic digester, was

studied experimentally in a batch mode. Two-parameter experiment was realized for
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suspensions with the total solids content TS=5 wt.% and 10 wt.% and with dry mass
fractions of inoculum X;,=0.05 and 0.2. Maximum specific biogas yield
91.2 mL-gys - was obtained for the suspension with TS=10 wt.% and X;, =0.2. Biogas
output intensified with increasing both TS content and inoculum mass fraction, and
the effect of inoculum fraction was stronger. Thermo-gravimetric analysis showed the
increasing of thermally unstable components in the output digestate with the

increasing of the mass fraction of the yeast residues inoculum in the suspension.

REFERENCES

1.C.S. Calheiros, A.O. Rangel, P.M. Castro, Treatment of industrial
wastewater with two-stage constructed wetlands planted with Typha latifolia and
Phragmites australis, Bioresour. Technol. 100 (13) (2009) 3205-3213,
https://doi.org/10.1016/j.biortech.2009.02.017.

2. M. Malovanyy, V. Nikiforov, O. Kharlamova, O. Synelnikov, Production of
renewable energy resources via complex treatment of cyanobacteria biomass, Chem.
& Chemic. Technol. 10 (2) (2016) 251254, https://doi.org/10.23939/chcht10.02.251.

3. A. Micek, K. Jozwiakowski, M. Marzec, A. Listosz, Technological
reliability and efficiency of wastewater treatment in two hybrid constructed wetlands
in the Roztocze National Park (Poland), Water 12 (12) (2020) 3435,
https://doi.org/10.3390/w12123435.

4. W. Apollon, 1. Rusyn, N. Gonzalez-Gamboa, T. Kuleshova, A.l. Luna-
Maldonado, J.A. Vidales-Contreras, S.K. Kamaraj, Improvement of zero waste
sustainable recovery using microbial energy generation systems: A comprehensive
review, Sc. Tot. Environ. (2022) 153055,
https://doi.org/10.1016/j.scitotenv.2022.153055.

5. S.B. Kurniawan, A. Ahmad, N.S.M. Said, M.F. Imron, S.R.S. Abdullah,
A.R. Othman, ... H.A. Hasan, Macrophytes as wastewater treatment agents: Nutrient
uptake and potential of produced biomass utilization toward circular economy
initiatives, Sc. Tot. Environ. 790 (2021) 148219,
https://doi.org/10.1016/j.scitotenv.2021.148219.

6.S. Ghimire, L. Wang, B. Zhang, X. Li, A. Shahbazi, Production and
modification of hydrochar from anaerobically digested cattail for adsorbing
ammonium and phosphorous in wastewater, Water Sc. & Technol. 84 (7) (2021)
1678—1692, https://doi.org/10.2166/wst.2021.378.

7. S. Roj-Rojewski, A. Wysocka-Czubaszek, R. Czubaszek, A. Kamocki, P.
Banaszuk, Anaerobic digestion of wetland biomass from conservation management
for biogas production, Biomass and  Bioener. 122  (2019) 126-132,
https://doi.org/10.1016/j.biombioe.2019.01.038.

Combining science, education, and production as a way to form an effective
mechanism for preventing climate change




37

8. L.O. Ohlsson, S. Karlsson, K. Rupar-Gadd, E. Albers, U. Welander,
Evaluation of Laminaria digitata and Phragmites australis for biogas production and
nutrient  recycling, Biomass and  Bioener. 140 (2020) 105670,
https://doi.org/10.1016/j.biombioe.2020.105670.

9. P. Banaszuk, A.K. Kamocki, A. Wysocka-Czubaszek, R. Czubaszek, S. Roj-
Rojewski, Closing the loop - Recovery of nutrients and energy from wetland
biomass, Ecol. Eng. 143 (2020) 105643,
https://doi.org/10.1016/j.ecoleng.2019.105643.

10. M. Malovanyy, O. Moroz, V. Popovich, M. Kopiy, I. Tymchuk, A. Sereda,
G. Krusir, C. Soloviy, The perspective of using the "open biological conveyor"
method for purifying landfill filtrates, Environ. Nanotechnol. Monit. Manag. 16
(2021) 100611, https://doi.org/10.1016/j.enmm.2021.100611.

11.J.F. Kobbing, F. Patuzzi, M. Baratieri, V. Beckmann, N. Thevs, S. Zerbe,
Economic evaluation of common reed potential for energy production: A case study
in Wuliangsuhai Lake (Inner Mongolia, China), Biomass and Bioener. 70 (2014)
315-329, https://doi.org/10.1016/j.biombioe.2014.08.002.

12. A. Barco, S. Bona, M. Borin, Plant species for floating treatment wetlands:
A decade of experiments in North Italy, Sc. Tot. Environ. 751 (2021) 141666,
https://doi.org/10.1016/j.scitotenv.2020.141666.

13.J.J. Geurts, C. Oehmke, C. Lambertini, F. Eller, B.K. Sorrell, S.R.
Mandiola, ... C. Fritz, Nutrient removal potential and biomass production by
Phragmites australis and Typha latifolia on European rewetted peat and mineral soils,
Sc. Tot. Environ. 747 (2020) 141102,
https://doi.org/10.1016/j.scitotenv.2020.141102.

14. R. Czubaszek, A. Wysocka-Czubaszek, W. Wichtmann, P. Banaszuk,
Specific methane yield of wetland biomass in dry and wet fermentation technologies,
Energies 14 (24) (2021) 8373, https://doi.org/10.3390/en14248373.

15. 0. Awogbemi, D.V. Von Kallon, Pretreatment techniques for agricultural
waste, Case Stud. Chem. Environ. Eng. 6 (2022) 100229.
https://doi.org/10.1016/j.cscee.2022.100229.

16. B. Zhang, A. Shahbazi, L. Wang, O. Diallo, The pretreatment, enzymatic
hydrolysis, and fermentation of cattails from constructed wetlands, Energy Sourc.
Part A: Recov. Util. & Environ. Eff. 35 (3) (2013) 246252,
https://doi.org/10.1080/15567036.2010.509089.

17. C. Catherine, M. Twizerimana, Biogas production from thermochemically
pretreated sweet potato root waste, Heliyon 8(9) (2022) e10376,
https://doi.org/10.1016/j.heliyon.2022.e10376.

18. M. Malovanyy, I. Voytovych, O. Mukha, V. Zhuk, 1. Tymchuk, C. Soloviy,
Potential of the co-digestion of the sewage sludge and plant biomass on the example
of Lviv WWTP, Ecol. Eng. & Environ. Technol. 23 (2) (2022) 107-112,
https://doi.org/10.12912/27197050/144958.

19. G.P.B. Marquez, H. Takeuchi, M.N.E. Montafio, T. Hasegawa,
Performance of rice straw as mono-and co-feedstock of Ulva spp. for thalassic biogas
production, Heliyon, 6(9) (2020) e05036,

Combining science, education, and production as a way to form an effective
mechanism for preventing climate change




38

https://doi.org/10.1016/j.heliyon.2020.e05036.

20. Z.H. Hu, H.Q. Yu, Anaerobic digestion of cattail by rumen cultures, Waste
Manag. 26 (11) (2006) 1222—-1228, https://doi.org/10.1016/j.wasman.2005.08.003.

21. C. Nzeteu, A. Joyce, C. Thorn, K. McDonnell, S. Shirran, V. O'Flaherty, F.
Abram, Resource recovery from the anaerobic digestion of food waste is underpinned
by cross-kingdom microbial activities, Bioresour. Technol. Rep. 16, (2021) 100847,
https://doi.org/10.1016/j.biteb.2021.100847.

22. C.1. Akor, A.l. Osman, C. Farrell, C.S. McCallum, W.J. Doran, K. Morgan,
... G.N. Sheldrake, Thermokinetic study of residual solid digestate from anaerobic
digestion, Chem. Eng. J. 406 (2021) 127039,
https://doi.org/10.1016/j.cej.2020.127039.

Combining science, education, and production as a way to form an effective
mechanism for preventing climate change



39

SECTION 1.3 WOOD PROCESSING BY GRANULATION
TO PRODUCE BIOFUELS

Malovanyy Myroslav
Zhuk Volodymyr
Vronska Nataliya
Oksana Liuta
Kochubei Viktoria
Tymchuk Ivan,
Lviv Polytechnic National University

Bogachenko Galina,
International Projects Office of «kKROK» University

Achieving the Sustainable Development Goals (SDGs) is a crucial task for
today, especially in the area of environmental protection studies [1, 2]. In particular,
the problems of wastewater treatment using natural sorbents [3] and biological
objects [4], monitoring of surface water pollution [5], utilization of wastewater
treatment waste at sewage treatment plants [6, 7] are important in this context. The
most relevant problems of environmental safety in achieving SDGs are as follows:
household waste management [8], industrial waste management [9], and
environmental risk prediction [10].

A significant amount of waste is generated during wood processing [11]. Based
on the data of Sustainable Agribusiness Forum (SAF) [12] up to 49 million tons of
wood waste are generated annually in Ukraine, the energy of which is equivalent to
10-20 billion m3 of natural gas. This waste has been reported to cause an increase in
greenhouse gases due to the decomposition of xylan (wood substances) [13], water
and soil contamination in landfill areas (causing siltation of water bodies and death of
aquatic inhabitants) [14, 15]. One of the most promising and long-known
technologies for waste disposal, which can no longer be used in other technologies, is
incineration. In this case, it is possible to solve further the important task of
replenishing energy reserves while minimizing air pollution by combustion products.
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The bioenergy sector can be considered to be the most dynamically developing.
In 2018 the total supply of primary energy from biofuels and waste was equivalent to
the replacement of 4 billion m3/year of natural gas in Ukraine [12]. In the market of
biofuels the largest segment is occupied by solid biofuels in the form of firewood,
wood chips, pellets and briquettes from biomass, baled straw. The share of wood
biomass in the structure of energy potential of biomass in Ukraine is only about 13%,
but the practical application of its potential exceeds 80% [12]. With the exacerbation
of the issue of energy supply in the world, the use of wood biomass becomes
especially relevant. Ukraine has a strong energy potential of biomass [16]. An
important energy place among biotic waste belongs to wood biomass. But the bulk of
waste, which according to various sources is up to 40% (mainly sawdust, shavings
and bark), is not used for technological purposes and can be used as fuel. It is
necessary to ensure relative homogeneity in terms of moisture and particle size
distribution, favorable conditions for transportation, dosing, and storage of wood to
use it as a fuel on an industrial scale [17, 18].

Among the most common pelleting methods [19] pelleting by extrusion
method in auger - granulators must be the most promising. It is important to create
pellets using a cheap binder that does not contaminate the pellet. Using of sulphate
soap, the main component of which are sodium salts of fatty resin acids and salts of
hydroxy acids as a product of wood decomposition, is promising binder for paper
production waste [20]. The accumulation of this waste also creates a certain
environmental problem, which further enhances the relevance of research. It is
important that with the use of this binder the foreign products are not added into the
wood, which would cause contamination of the gases - the products of pellets
combustion. Therefore, the obtained product is promising for use in bioenergy.

The aim of the research was to establish the optimal conditions for the pine
wood waste disposal by the production of pellet fuels. To obtain this aim following
tasks were accomplished: to investigate the optimal parameters of the filtration drying

process; to establish the optimal concentration of the sulphate soap as a binder.
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The materials and methods used in the study were as follows.

The use of wet raw materials for the producing of pellets is impractical due to
the difficulty of pellets forming from wet raw materials, their low calorific value, and
the inability to ensure the strength of the pellets. In addition, the reduction of the
amount of moisture that evaporates during combustion improves the operating
conditions of the metal elements of the oven. Due to the fact that wood waste is
stored outdoors, its moisture can reach more than 70% based on dry weight.
Therefore, for the further use of wood waste as a raw material for pellets production,
they must be dried to moisture content below 10% based on dry weight. The process
of drying wood waste was carried out by organizing the filtration flow of the coolant
through a fixed layer of wood waste; the research was carried out on the installation

as it is shown in Fig. 1.3.1.

1 —fan; 2 — heater; 3 - regulating valve; 4 — drying chamber

Figure 1.3.1 - Scheme of installation for research of wood waste drying

To establish the optimal ratio between the amount of wood waste and binder

the research was conducted on the installation shown in Fig. 1.3.2.
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1 — cylindrical part of the housing; 2 — conical part of the housing;
3 — auger with conveying, sealing and squeezing blades; 4 — drainage hole;
5 —die; 6 — cutting device; 7 — reducer shaft; 8 — loading window

Figure 1.3.2 - Scheme of the installation for the formation
of fuel pellets from wood waste by extrusion method

Ensuring an even distribution of components in the process of mixing binder
and filler is extremely difficult due to the small amount of binder, its high viscosity
and hygroscopicity of wood waste. The heterogeneity of the mixture leads to a
deterioration in the quality of the pellet fuels, their fragility both in places of excess
binder and its deficiency. Increasing the amount of binder leads to deterioration in the
quality of the obtained pellets, in particular, reduces their strength. Equipping the
conical part of the housing with drainage holes ensures that part of the liquid binder is
removed from the mixture. Due to the increase in pressure in the conical part of the
housing, the binder component is evenly distributed between the fine particles of
wood waste, and its excess is removed through the drainage holes, which provides
high strength of the obtained pellets and reduces their fragility.

Excess binder reduces friction between the mixture and the working parts of
the installation, which helps to reduce the specific energy consumption of the
pelleting process, as well as prolongs the service life of the equipment. Drainage
holes on the conical part allow removing excess binder from the mixture. Due to the
drainage holes, the excess binder is removed out and the pressure is reduced.

Waste of coniferous wood, mainly pine, from a sawmill was used as a fuel
pellet base in this study. Granulometric measurements of pine sawdust revealed that
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95.1+£0.5% wt. consisted of particles with sizes up to 1 mm, while 4.9+0.5% wt.
consisted of particles with sizes ranging from 1 mm to 2.5 mm. To determine the
optimal conditions for the creation of pellets on the first stage the mixture was
prepared in a container, which was filled with filler pine sawdust and binder (the
volume of the raw material mixture was the same for each time). Then these
components were mixed in the preparation chamber and the dosing auger 3 (Fig. 2),
then were transferred to the cylindrical 1, conical 2 part and dies 5, where the process
of forming granules took place. During the formation the wood particles were
compressed approaching the minimum distance from each other. And the binder
wrapped them and bonded the particles together. The optimal amount of binder was
determined by the pressure, which removed the excess amount of binder outside the
pressed mass. All these actions were performed in order to preserve the shape of the
pellet after reducing the pressure.

Sulphate soap from the pulp processing industry, composed mainly of sodium
salts derived from fatty resin acids and hydroxy acids from wood decomposition, was
used as a binder in this study. The experiments continued with an alternate increase in
the amount of filler with a constant volume of binder, as well as with an increase in
the latter and the constant volume of the former. The criterion that characterizes the
optimal ratio of filler and binder is the strength of the pellets. The finished pellets
were dried and tested for strength after leaving the auger, and the strongest ones were
then used for subsequent experiments. The calorific value of the granules, the content
of volatile components, and the coke residue in the granules were determined by the
method [21]. Determination of the static strength of the granules was performed on
the MI11-100 device according to the method [22].

The following results were obtained and discussed in the course of the study.

In order to properly organize the technological process of drying, the influence
of the heat agent speed, its temperature, and the thickness of the layer on the process

of wood waste drying were investigated. Experimental research of the kinetics of the
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drying forestry waste process was conducted at different temperatures of the heat
agent, the results of experimental studies are provided in [20].

The first stage of drying is characterized by a sharp decrease in the moisture
content of the material, and the differences in the drying rate of different thickness
layers are insignificant. This is due to the fact that in the first drying period the
evaporation of moisture is carried out from the surface layers and is limited by
external diffusion factors and coolant characteristics, in particular the coolant
temperature and the drying rate of the material. In the second stage the moisture is
removed from the deeper layers of the material and there are significant differences in
the different thickness layers’ moisture change. For this period the drying rate
decreases and is limited by molecular diffusion and moisture conductivity of the
layer. Due to the fact that the first period is long the drying process can be intensified
by increasing the heat agent speed or its temperature. The heat transfer coefficient
increases with increasing speed, the diffusion resistance decreases, but instead the
removal of wet material from the drying zone increases. This in turn increases the
load on the treatment system and causes the need to re-dry the removed particles.
Therefore, for the conditions of the research the optimal speed of the agent was
selected, which provided high performance of the drying process with minimal loss
of wet material. Experiments have shown that the most optimal velocity is [10 = 4.2
m/s, at which the loss does not exceed 3.5% [23].

To analyze the optimal parameters of the drying regime of wood waste
research data on the effect of drying agent temperature on the drying Kinetics
described in [20] were used, as well as data from own studies on the impact on the
drying kinetics of the waste layer height, which were carried out on the installation
described above. The results are presented in Fig. 3. Critical moisture content of
wood waste (Wcr) was determined, which corresponds to the transition of the drying
process to the second stage, as well as the drying time in the first stage. The
calculated values of critical moisture for the experimental conditions are shown in
Table 1.3.1.
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Table 1.3.1 - Determination of critical moisture for different research

conditions of wood waste drying kinetics of a waste layer

H (m) [t(O) | W,r, water/dry material (kg/kg) [7(s)
For different material layer heights

10-107 100 0.34 1,400

20-10° 100 0.36 1,600

3o~10‘z 100 0.38 2,000

40-10° 100 0.40 3,600
For different coolant temperatures

20-107 135 0.34 1,100

20-10° 100 0.36 1,600

20-107 80 0.39 1,900

20-10° 60 0.42 2,400

where H is the material layer height; Wer is the equilibrium value of moisture; t1 is the duration of drying in
the first period

T -1
B2
e 3

A

0.1 1
] o

Moisture contemt W, kg water / kg DM

0 2000 4000 6000 8000 10000

Duration of drying 1, sec

Figure 1.3.3 - Kinetics of wood waste drying for coolant temperature t = 100 °C and
height of wood waste layer: 1 —10-10°m, 2-20-10°m, 3—30-10° m,
4-40-10°m

The drying time in the second period 12 was determined by using a combined
array of experimental data. The total drying time to final moisture [1fin was defined
as the sum of drying times in the first period t1 and in the second period t2. The
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results of experimental studies of drying wood waste in the filtration mode, as well as
the results of calculations of the optimal parameters of the filtration drying process

and energy costs for the drying process are shown in Table 1.3.2.

Table 1.3.2 - Selection of parameters of the wood waste drying process

0 3 o , Quary (kI/kg) | Quer (kI/kg)

H (m) t(°C) | p(kgim?) | e (M/s) | tin (°C) | in () dry weigh water
For different material layer heights

10-10° 100 940 4.2 90 4,200 150,000 773,000

20-107° 100 940 4.2 90 5,700 174,000 744,000

30-107° 100 940 4.2 90 7,200 178,000 610,000

40-10° 100 940 4.2 90 9,400 180,000 551,000
For different coolant temperatures

0.020 135 940 4.2 125 3,900 110,000 385,000

0.020 100 940 4.2 90 5,700 174,000 744,000

0.020 80 940 4.2 70 6,800 189,000 804,000

0.020 60 940 4.2 50 7,200 194,000 876,000

where p is the wood waste density; ®0 is the coolant velocity; tfin is the final coolant temperature; Qdry is
the heat consumption for drying in terms of 1 kg of dry material; Qwet is the heat consumption for drying in
terms of 1 kg of evaporated moisture.

Based on own research the optimal layer thickness 20.10-3 m, coolant
temperature 135 oC and drying time 3,900 s were selected to achieve the required
moisture content of the material. However, depending on the conditions of the
technology organization as a whole, the selected parameters of the implementation of
the drying process may differ. Therefore, the obtained results (Table 2) can be used to
calculate and design the processes of drying wood waste in industrial technologies.

The determining conditions for the use of pellets are their static strength and
calorific value, although important parameters are also the content of volatile
components in the combustion gases of pellets and coke residue. The results of
determining the statistical strength of the pellets depending on the amount of binder

in the raw material mixture are shown in Fig. 1.3.4.
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Figure 1.3.4 - Static strength test results (error bars +... %
for the binder's content, and +... % for static strength are specified)

Analysis of the data in Fig. 4 showed that the strength of the pellet increases
with increasing content in the mixture of the binder component. But at the same time,
the increase in the content of this substance causes deterioration in the bonding of
wood particles together, and this, in turn, leads to a decrease in static strength. The
optimum concentration of binder is 20%. It should be noted that ratio of mixture and
binder properties are very important to obtain final product with appropriate strength
and calorific value. The average amount of binder usually is within limits of 15-25%
[24] that is in line with obtained results.

Studies were conducted to establish the concentration of the binder, which
would ensure the maximum calorific value of the pellet. According to the results of
the experiments a graph was constructed, which is shown in Fig. 5. Analysis of the
results presented in Fig. 1.3.5 shows that the main component that increases the
calorific value of the pellet is the binder component. As the concentration of the
binder in the pellet increases, the calorific value of the latter increases monotonically
from 17.9 MJ/kg to 28.9 MJ/kg. Based on the condition of ensuring the physical
stability of the pellets the optimal concentration of the binder in the pellet was chosen
at the level of 20% by weight of the pellet which is consistent with research findings
by Ju et al. [25].
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Figure 1.3.5 - Dependence of calorific value of pellets on the percentage of binder (1
— zone of plastic formation of pellet, 2 — zone of technological risk)

Studies have shown that the percentage of volatile components increases
monotonically with the addition of a binder from 67.5% (binder content 0%) to 75%
(binder content 20%), the dependence is close to linear. The reason for this is that
sulphate soap (which is used as a binder) has a higher concentration of volatile
components. Therefore, with increasing its content the number of volatile
components in the granule increases. As the content of sulphate soap in the granule
increases, the content of coke residue monotonically decreases from 15.9% (binder
content 0%) to 10.7% (binder content 20%), the dependence is close to linear. The
reason for this is the better coking ability of wood waste in the mixture compared to
the binder. The same trend was observed in case of using binder for concrete
production from waste [26].

Production of biofuel from wood waste by the investigated way with optimal
technological parameters is relevant in achieving SDGs: SDG7 (affordable and clean
energy), SDG12 (responsible consumption and production) and SDG13 (climate
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action). Moreover, using of wood waste for biofuel can decrease the level of
deforestation [27].

The research made it possible to draw the following conclusions/

Studies have shown that a promising method of wood waste disposal is their
extrusion pelleting using as a sulphate soap as a binder of natural origin. This allowed
to minimize the environmental risk of environmental pollution by wood waste as well
as to obtain biofuels.

Necessary preliminary operation before wood waste pelleting is their drying to
a moisture content of not less than 10%. Based on the analysis of research data on
drying of wood waste in the filtration mode the values of the optimal parameters of
the filtration drying process and energy costs for the drying process were obtained.
The optimal thickness of the wood waste layer 20-10-3 m, coolant temperature 135
oC and drying time 3,900 s were chosen to achieve the required moisture content of
the material.

According to the results of the conducted researches the optimal concentration
of the binder was established on the level of 20%. This is due to reducing the content
of coke residue; increasing the content of volatile components; higher calorific value
compared to wood waste; increasing the static strength.

Based on the obtained results it can be stated that: in the case of using a binder
component the pellets are formed with lower pressures, which provides the required
static strength; with the addition of a binder the calorific value of the pellet increases
compared to the pellet without a binder; the binder is a lubricant that reduces friction
forces and therefore the energy cost of overcoming them.
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CHAPTER 2

CLIMATE CHANGE AND
AGRICULTURE
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SECTION 2.1 PECULIARITIES OF CLIMATE CHANGE
IMPACT ON AGRICULTURAL ACTIVITIES

Nataliia Prokopenko
Kharkiv National Automobile and Highway University, Ukraine

Global climate change is one of the most pressing issues of our time. The
world's attention is focused on its solution. Climate change is the result of a complex
interaction between natural processes and human activity. The consequences of this
phenomenon are manifested in an increase in the average global temperature of both
the earth's surface and the oceans. This, in turn, leads to an uneven distribution of
precipitation and a significant increase in the number of extreme weather events.
Droughts, floods, flash floods, hurricanes, and flooding are becoming more frequent
and intense.

Recent decades have seen an increase in the intensity of natural disasters,
which is associated with a record increase in global temperatures. According to UN
experts, climate change has led to droughts that used to occur once every 10 years
now occurring 70% more often. The frequency of rainstorms has also increased - they
now occur 30% more often.

Climate change has different impacts on agriculture. Direct impacts are related
to changes in climate characteristics such as temperature and precipitation. Extreme
weather events, such as abnormal precipitation, can cause serious impacts such as
mudslides, landslides, flooding, and soil erosion. Abnormal temperatures, such as
frosts, cause crops to freeze to death. Abnormal heat, in turn, reduces their
productivity.

Indirect impacts are reflected in the reduced availability of water resources for
various sectors of the economy, including agriculture. The intensity of precipitation

and river runoff are becoming critical factors for water supply.
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Ukrainian agriculture has also suffered significant impacts from climate
change. Over the past 30 years, the average annual temperature in Ukraine has risen
by almost 1.5 °C. This warming is unevenly distributed over the seasons, which
affects the efficiency of precipitation for agriculture. The frequency of extreme high
temperatures is increasing, while the frequency of extreme cold is decreasing. This
leads to prolonged heat waves, deteriorating water quality, and increased risk of fires.

Thus, the main climate threats to Ukraine's agricultural sector include

- an increase in the average annual air temperature.

- Increase in the number of days with abnormally high temperatures, which
negatively affects crop and livestock production.

- Increased frequency of drought events, especially in combination with high
temperatures.

- Sharp temperature fluctuations between seasons and within individual
months, which reduce plant resistance.

- Increased frequency of natural weather events in the warm season.

- Reduced precipitation and its intensity, which complicates the accumulation
of soil moisture.

- Increased uneven distribution of precipitation, which affects water
availability.

- Lack of stable snow cover, which increases the risk of freezing of winter
crops.

- favorable conditions for the spread of pests and diseases, which can reduce
the productivity of major crops by 20-30%.

- Increased risk of fires, which undermines the sustainability of
agroecosystems.

If the current trends in Ukraine continue in the face of future climate change,
they may lead to a significant aggravation of certain problems, including

- Increased plowing of agricultural land is currently taking place across the

country. This process not only increases the area of cultivated land, but also
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negatively affects the ecological state of the regions, and in the future, against the
background of climate change, the negative consequences of this process may
increase.

- Monocultivation of agricultural production is becoming more pronounced.
Growing industrial and oilseed crops, although requiring fewer resources, increases
the environmental burden on the land, which can have long-term negative
consequences for soils.

- there is a constant increase in the need for large capital investments. The
introduction of innovative crop cultivation technologies and the introduction of new
crop species requires and will continue to require significant financial resources.
These investments are necessary to increase the resource potential of ecosystems and
ensure the country's food security.

- Competition between agricultural producers is constantly increasing. This
competition is directly dependent on land fertility and access to water resources,
especially in areas of insufficient natural moisture.

Global and regional climate change will have serious implications for
Ukraine's agricultural sector. These impacts are manifested in the following:

- The growing areas for some crops are shifting to the north. For example,
sugar beets and soybeans have already moved 150 km from south to north. This leads
to an increase in the growing season and the formation of a new agroclimatic zone in
southern Ukraine;

- the location of relevant infrastructure is shifting. Storage and primary
processing of agricultural products are being adapted to new climatic conditions. This
requires changes in the development of infrastructure that meets new regional
growing conditions;

- there is a decrease in agricultural productivity. The lack of innovative
resource-saving technologies and equipment can significantly reduce production

efficiency in the face of rapid climate change;

Combining science, education, and production as a way to form an effective
mechanism for preventing climate change



57

- soil degradation processes are intensifying. The spread of droughts leads to a
loss of soil fertility, which threatens to reduce yields;

- the problem of changing the structure of crop production is becoming more
urgent. The introduction of drought-tolerant crop varieties and the abandonment of
water-loving crops is a necessary step due to the threat of increased access to water
resources;

- the risk of plant damage by diseases and pests is increasing. Climate change
creates favorable conditions for the active development of pathogens, which can lead
to significant losses in agriculture4

- there is a gradual decline in the production of traditional fodder crops. There
is a need to grow non-traditional crops, such as sorghum or triticale, to meet the
needs of livestock;

- the existing systems for maintaining the microclimate in livestock buildings
are becoming unsuitable. New climate conditions require adaptation of these systems
to ensure comfortable conditions for animals.

It should be noted that climate change can be viewed not only as a set of
certain limitations and difficult conditions for the existence and development of the
agricultural sector, but also as a set of key opportunities that are opening up for this
sector in Ukraine. These opportunities include the following:

- growing new crops is becoming a reality. Climate change allows to expand
the range of agricultural products produced in Ukraine and increase export
opportunities. The growth of the average annual thermal period contributes to an
increase in agricultural production within one year;

- the lengthening of the growing season opens up new opportunities for winter
grain crops. The northern regions of Ukraine get a chance to effectively introduce
late-ripening varieties and hybrids that require more heat. Wintering conditions for

crops and perennial grasses are also improving;

Combining science, education, and production as a way to form an effective
mechanism for preventing climate change



58

- there is a demand for the latest irrigation technologies. There is a growing
need for sprinkler technology and equipment designed for different scales of
consumers - from large agricultural holdings to individual farms;

- development of new areas of scientific research becomes a priority. The
creation of intensive crop cultivation technologies and innovative soil cultivation
systems will take into account the specific features of the regions.

Thus, climate change poses both challenges and opportunities for Ukraine's
agricultural sector. And the main task of both scientists and farmers is to adapt to
these conditions in order to ensure sustainable and efficient agricultural production
under the new climate regime.

To date, some environmental and agricultural problems have been identified
that are particularly relevant in the context of climate change.

Such problems include the spread of diseases and pests in agriculture, which is
caused by climate change. This problem can manifest itself in different ways:

- First, crop pests and diseases may become resistant to existing plant
protection products. This leads to a significant expansion of their range, an increase
in the number and number of generations. New types of diseases and quarantine
facilities are emerging, making it more difficult to control them;

- Second, changes in local climatic conditions create a favorable environment
for the development of vectors of vector-borne diseases. As a result, the number of
infectious diseases among animals is growing, which is a serious threat to the
agricultural sector.

It is important to note that animals are extremely sensitive to prolonged
exposure to high temperatures. If the ambient temperature exceeds 25 °C, animals
become less active, consume less feed and are constantly thirsty. Prolonged exposure
to such conditions causes heat stress, which negatively affects their immune system
and contributes to the development of various diseases, including gastrointestinal

disorders and pneumonia.
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Equally important is the threat of the spread of new diseases among animals.
There is a fairly high probability of outbreaks of diseases such as contagious nodular
dermatitis, West Nile fever, bluetongue, borreliosis, and Crimean-Congo
hemorrhagic fever. Tick infestation is also on the rise, which can lead to weight loss
of up to 18-20%. The spread of exotic infections, increased frequency and duration of
avian influenza, African and classical swine fever, rabies, leptospirosis, and tularemia
are also becoming a serious threat to the effective functioning of the livestock sector.

In addition, climate change has a negative impact on fish health and water
productivity. An increase in water temperature in fisheries reservoirs can lead to an
expansion of the species spectrum of invasive diseases that were previously found
only in countries with warm climates. Changes in water quality will lead to the
emergence or intensification of dangerous infectious and invasive fish diseases, such
as rubella, carp pox, and gill necrosis.

It is also important to consider the threat of the spread of aggressive alien
species. For example, ragweed, the Colorado potato beetle, and Sosnovsky's hogweed
cause significant losses in biodiversity and economic value of ecosystems exposed to
biological invasions, which leads to serious economic losses and poses a threat to
human health.

Climate change is causing serious damage to agriculture, but it is also setting
the direction for the future development of this sector of the economy. Today, it is
necessary to develop the potential of public-private partnerships in the agricultural
sector. Cluster initiatives and other forms of cooperation between the state and
agribusiness can become effective tools for introducing innovative technologies into
climate change-adapted agricultural production. Such a partnership will facilitate the
joint use of the state's natural resource potential and the financial capabilities of
agribusiness.

The International Organization for Agriculture and Food (FAO) is also actively

implementing a strategic plan for adapting agri-food systems to climate change.
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The main focus is on reorienting agri-food systems towards innovative and
carbon-neutral agribusiness. This includes the introduction of climate-smart
technologies that reduce greenhouse gas emissions, adapt to new climatic conditions,
and increase agricultural production.

The World Bank defines climate-smart agriculture as a comprehensive
approach to managing agricultural systems. This approach is aimed at increasing
productivity, adapting to climate change, reducing greenhouse gas emissions, and
increasing farmers' incomes. Internationally, it is recognized that global climate
change poses a serious threat to the sustainable development of agribusiness,
increasing the risks of crop loss and reducing its profitability. It also has a negative
impact on food security.

Today, the following priority areas for the development of climate-oriented
agriculture are identified.

1. Organic farming. The development of organic agriculture is a key area in the
medium-term “green transformation” of the agricultural sector. Organic production
plays an important role in climate change adaptation and mitigation. In the EU, the
demand for organic products is growing, outstripping domestic production capacity.
Today, organic products account for about 2% of total EU agri-food imports, and this
figure is growing.

2. Circular bioeconomy. Preventing food waste and losses is a priority for the
circular economy. At the same time, this is aimed at achieving the 12th Sustainable
Development Goal, which provides for the transition to rational consumption and
production models. The main mechanisms for minimizing food waste and losses
include the introduction of economic instruments that encourage the use of waste
biomass for the production of biofuels, electricity and heat. It is also necessary to
introduce mechanisms for providing subsidies for the collection and transportation of
plant waste that is suitable for animal feed production.

3. Bioenergy. Ukraine has a significant potential for biomass energy

production, which could replace about 11% of natural gas and 19% of electricity
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needs. Waste and by-products of agricultural and food production are available and
cheap, making bioenergy production economically viable. The use of biomass
increases the country's energy security, reduces energy costs, and generates additional
income for producers. It also reduces greenhouse gas emissions, estimated at 8.2
million tons of CO, equivalent.

4. Introduction of modern irrigation technologies. The modernization of
agriculture in areas with insufficient natural moisture should be based on an
assessment of the technical condition of irrigation systems, restoration and
modernization of these systems. It is necessary to determine the priority of system
rehabilitation and the amount of funding. Also important is the construction of
modular pumping stations to ensure the operation of irrigation systems, as well as
government support and loans for the restoration of irrigation systems and the
purchase of necessary equipment.

5. Biological mechanisms to reduce the sensitivity of agroecosystems to
climate change. Scientists at the Institute of Climate-Smart Agriculture of the
National Academy of Agrarian Sciences have developed and scientifically
substantiated approaches to adaptation of agroecosystems. In particular, they have
found a positive impact of legumes on soil conditions, including a reduction in the
load of chemicals and an increase in soil nitrogen levels. This helps to reduce the
negative impact of climate change on agricultural production.

6. Development of farming systems with resource-saving elements. Scientists
have developed ways to sequester and store carbon in soils, which helps mitigate the
negative impact of climate change. These measures are aimed at increasing fertility
and reducing CO, emissions, which will help achieve carbon neutrality in the
agricultural sector. The implementation of these developments will increase the
organic matter content in soils by 10% and more.

7. Improving plant protection systems. The use of biological products and

environmentally friendly pesticides helps protect plants from pests and diseases. This
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not only prevents crop losses but also improves plant resistance to extreme weather
conditions.

8. Use of adapted varieties and hybrids. Scientific research has shown that the
extended period of the autumn growing season requires shifting the sowing dates of
winter crops by 13-15 days later. Domestic breeders have created new varieties of
wheat and barley with increased winter hardiness and a short vernalization period.

9. Implementation of environmentally friendly agriculture. Scientists have
developed resource-saving technologies for growing winter crops, soybeans, and
corn, which can increase profitability by 10-20% depending on the crop. These
technologies are based on the use of modern high-yielding varieties, growth
stimulants, water-saving irrigation regimes and biological products.

10. Preventing soil degradation. Science-based land use models have been
developed to preserve soil fertility and prevent soil degradation. These models take
into account climate change and are based on the principles of crop rotation, basic
tillage systems and irrigation technologies.

11. Expansion of climate zones. Climate variability poses threats to agriculture,
so forecasting production growth requires caution. Socio-economic factors such as
land degradation and the resource potential of the territories should be taken into
account.

12. Adaptation and strengthening of resilience to climate change. Adaptation
measures, such as soil and water conservation, the introduction of drought-resistant
plant varieties, and the development of irrigation, are essential for food security.

Thus, it can be concluded that ensuring climate-smart agricultural development
is important for mitigating climate change risks. This will allow Ukraine to join
global efforts to combat climate change and adapt the agricultural sector to new

natural and climatic conditions.
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SECTION 2.2 INCREASING ARIDITY OF THE GROWING
SEASON - CHALLENGES FOR FARMERS IN TERNOPIL
REGION
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Feshchenko Vasyl

Agricultural production, both on a global scale and in Ukraine, is characterized
by an inextricable link with weather conditions. This factor is extremely important for
our country, as agriculture plays a key role in its economy [1, 9].

The relevance of this issue is due to the fact that 50% of the harvest level is
determined by the weather conditions of the growing season, primarily by
temperature and precipitation. [2, 10].

It should be noted that the weather factor in agriculture is unregulated and can
only be predicted and to some extent adapted to the new realities of today [8].

A characteristic feature of agricultural production both in the world in general
and in Ukraine in particular, from the end of the twentieth and beginning of the
twenty-first century, is that it takes place in the context of climate change, which is
accompanied by an increase in the frequency of temperature maximums, days, a
decrease in precipitation and their uneven distribution during the growing season [3-
7].
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Therefore, it is extremely important for agriculture to study the issue of climate

change in order to improve existing and develop new technological measures adapted

to the realities of today's production.

The materials for this study are based on the data of the Sectoral State Archive

of Hydrometeorological Observations of the State Emergency Service of Ukraine.

According to the existing classification, a very severe drought is characterized

by precipitation during the growing season of less than 50% of the norm and a very

significant (3.8%) excess of air temperature. A severe drought is characterized by

precipitation of 70% of the norm and an air temperature 2.3% higher than the norm.

After analyzing the results of meteorological observations for 1951-2018, the

months and years with very severe and severe drought were identified (Table 2.2.1).

Table 2.2.1 - Distribution of months and years by aridity

Very severe drought

Severe drought

Months
yea
: 1952, 1957, 1961, 1973, 1984, 1994,
April 2008 2007 011 1962, 1966, 1968, 2009, 2014, 2018
1958, 1969, 1979, 1982, 1985, 2001,
May 1986, 2011 2000, 2005,
1953, 1956, 1957, 1961, 1968, 1987,
June 1963,1964,2003, 2008, 2014 P
1951, 1953, 1957, 1960, 1963, 1970,
July 1970, 1994, 1995, 2005, 2009, 2015 | oo 1008 Rl O e
August 2000, 2003, 2009, 2013, 2015 1954,1990, 1994, 1998, 2008, 2016
1961,1963, 1975, 1979, 1982, 2005,
September 200t 2005, 2011, 2004 1951, 1967, 1981, 1983, 1984, 2018
October 1953, 1961, 1963, 1964, 1978, 1982, | 1445 1990, 1995, 2000, 2004, 2017

2001, 2013, 2014
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According to the results of long-term observations (1951-2018), the number of
years with very dry April was 9, May - 2, June - 5, July - 6, August - 5, September -
10, October - 8.

The number of years with severe drought in April was 6, May - 8, June - 8,
July - 12, August - 6, September - 6, October - 6.

The analysis of adverse weather conditions in terms of the growing season
shows that the largest number of very severe droughts was recorded in the spring
(April) and autumn (September and October). This time coincides with the sowing of
early spring and winter crops, and the moisture deficit creates unfavorable conditions
for seed germination and seedling formation.

Severe drought is observed in late spring (May) and summer (July, August),
which coincides with the generative period of crop growth and development and can
negatively affect their productivity.

For a more objective assessment of climate change in the context of aridity, the
percentage of years with dry months to the total number of years taken for the study
was determined. The results of the analysis indicate a significantly higher proportion
of dry years in the period from 1991 to 2018 (27 years) compared to the time period
1951-1990 (40 years) (Table 2.2.2).
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Table 2.2.2 - Dryness of the growing season

Time periods
1951-1990 1991-2018
years
Months number number
R §=]
= s =] I 3 k=]
S > 5 S > 5
> >
April 5 3 4 3
May 1 5 1 3
June 2 6 3 2
July 49 1 6 49 5 6
August - 2 5 4
September 5 5 5 1
October 6 2 3 4
Together 20 29 26 23

Thus, in the period 1951-1990, the number of months with very severe drought
was 20, and with severe drought - 29. The time period from 1991-2018 was
characterized by an increase in the number of months with very severe and severe
drought - 26 cases.

Thus, the analysis of agrometeorological indicators for 1881-2018 suggests that
climate change on a global scale is also reflected in the Western Forest-Steppe, in
particular in the Ternopil region. At both the global and local levels, there is an
increased temperature regime, decreased moisture supply during the growing season,
and increased aridity. All this encourages agricultural producers to rethink existing
crop cultivation technologies and adapt them to the new realities of climate change.
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SECTION 2.3 CLIMATE CHANGE AND AGRICULTURE
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Agriculture, as an ancient branch, has an active contact with nature and natural
resources even before the beginning of cultural farming; water is the most important
of them. Today's world's attention is focused on the quantitative and qualitative
indicator of water, which is due to its excessive demand. In agriculture, where a
significant part of water is used for irrigation, special attention is paid to studying the
ecological condition of water.

The 174 goal from the Sustainable Development Goals considers the
continuous supply of clean and quality water to the population, which is a priority
issue for any country. Water scarcity, poor water quality and inadequate sanitation
negatively impact food security and human health. Many impurities can be found in
the water, which have an adverse effect on our health.

Climate change is an identifiable change over a long period of time, including
changes in statistical indicators. Climate change can be caused by both natural
internal processes and external influences. For example, with volcanic eruptions, the
strength of the solar cycle, long-term anthropogenic effects and changes in the
composition of the atmosphere or land use. Today, the current term "climate change"
refers to anthropogenic climate change.

Climate is the average of these elements over a relatively long period of time.
Climate change is caused by the emission of greenhouse gases and, therefore, the
increase in the concentration of greenhouse gases in the atmosphere, which prevents
the reflection of heat from the earth's surface and increases the "greenhouse effect".
Since the industrial revolution, as a result of human activities, an unprecedented

amount of greenhouse gases has been released into the atmosphere, therefore, their
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concentration is increasing, the climate change of the atmosphere and the ecological
state of the environment are changing, and the "greenhouse effect" is strengthening.
Since 2011, climate change has been consistently named by the World Economic
Forum as one of the top five global threats, and is "worsening much faster than
expected." Climate change has direct impacts on humans and ecosystems, as
highlighted in several reports of the Intergovernmental Panel on Climate Change
(IPCC). As for Georgia, the negative effects of climate change are already visible in
Georgia, and a trend can be observed in relation to a number of results [2,3,5].
Greenhouse gas emissions in Georgia are carried out from energy, construction,
industry, transport, waste management and agriculture sectors. Among the
greenhouse gases, it is worth noting the concentration of carbon dioxide, methane and
nitrogen oxides, as well as synthesized "greenhouse gases". In the "2021-2027
strategy of agriculture and rural development of Georgia" it is mentioned that the
further development of agriculture should be carried out in accordance with climate
change and attention is focused on the introduction and implementation of climate-
wise agricultural practices [1,4,5,].

The aim of the work was to study the ecological condition of the rivers of high
mountainopus Ajara in order to find out how much these rivers are polluted by
harmful and heavy metals in the environment. The mentioned toxicants can get into
the waters by using chemical means - mineral fertilizers, pesticides, herbicides,
insecticides and others, without taking into account the observance of their norms and
application deadlines.

Water samples were taken for analysis from 5 locations of the Ajara region:
village of Chvana (Shuakhevi municipality) - Tskaro water; Chvani water (Shuakhevi
Municipality); Kokotauri village (Daba Qeda, Tshkomery community) - Kokotauri
river water; From the center of the Daba Qeda - the river Ajaristskal; from the Merisi
community in th municipality of Qeda — Water from the River Merisi.
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A multi-element analysis was carried out, i.e. the concentration of macro and
micro elements in water samples was determined with a plasma atomic emission
spectrometer on the ICPE-9820 device [7, 8, 9].

The content of macronutrients is presented in Table 2.3.1. Based on the results
of the analysis, the following is established:

- aluminum content in the amount of 0.672 mg/l was recorded in the water of
Merisi River and it exceeds the maximum allowable concentration (0.5 mg/l);

- macroelements according to content are arranged in a row: Cs>Na>Mg, Si;

- Kokotauri river water did not contain sodium;

- iron content was recorded in Kokotauri River (0.00497 mg/l) and Merisi
River (0.11 mg/l);

- it should be especially noted the content of phosphorus (0.0538 mg/l) in the
water of the Merisi River, which is an indicator of its pollution (most likely due to the

influence of anthropogenic factors);

Table 2.3.1 - Content of macroelements in waters by plasma atomic emission

spectrometer, mg/I

Location Al Ca K Mg Na P Si Fe
1. Spring water of the | - 20,3 |- 4.75 8,22 |- 4,69 |-
village Chvana
2. Chvanis Tskali - 694 |- 3,81 4,22 10,0069 | 3,75 | -
3. River Kokotauri - 418 | - 1,22 - - 2.32 | 0,0497
4. River Ajaristskali - 835 |- 3,89 891 |- 3.66 |-
5. Water of Merisi River | 0.672 | 69,1 |- 2,23 3,26 |0,0538|2,88 |0,11
Threshold allowable | 0,5 - - - - 0,028 | 10,0 |0,3
concentration

The content of micro elements in the research waters is presented in Table
2.3.2. According to the results of the analysis, the following was observed:
- arsenic content was recorded only in Chvani water (0.0024 mg/l), but its

concentration does not exceed the standard limit (0.005 mg/I);
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- barium and manganese are contained in the waters of Kokotauri River and
Merisi River, but the content of these elements does not exceed threshold allowable
concentration;

- heavy metals - titanium and vanadium were observed in the water samples
taken from all locations, but, fortunately, their concentrations are less than threshold
allowable concentration;

-as for mercury, the content of this toxic heavy metal in the river os
Achariskali sample, it exceeded 0.0507 threshold allowable concentration which is a
very alarming fact;

- it is particularly noteworthy that the content of lithium exceeds the limit of

allowed concentration (0.03 mg/l) in the water samples taken from all locations;

Table 2.3.2 - Content of macro elements in water by plasma atomic emission

spectrometer, mg/I

Location As Hg Ba Mn Ti Li \Y
1. Village Chvana, Spring | - - - - 0.0378 | 0.667 | 0.0472
water
2. Chvanis Tskali 0.0024 | - - - 0.0372 | 0.393 | 0.0615
3. River Kokotauri - - 0.0007 | 0.0016 | 0.0486 | 0.524 | 0.0559
4. River Ajaristskali - 0.00507 | - - 0,0442 | 0,284 | 0.0750
5. Water of Merisi River - - 0,0025 | 0.0005 | 0.0505 | 0.467 | 0,0632
6. Threshold allowable | 0.005 | 0,0005 |0,1 0,1 0.1 0,03 | 0,01
concentration

Climate change has a significant impact on the ecological state of the
environment. Excessive rainfall, temperature changes and other extreme events have
a certain impact on the mineral composition of waters and the ecological condition of
the environment, and the unsystematic use of chemicals is also important, which
leads to an increase in the concentration of harmful substances in water bodies and
soils. The content of heavy metals in the considered research objects does not
represent an alarming value, but does not allow us to relax our attention. In order to
create and maintain a healthy ecological situation of the environment, it is important
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for the persons employed in the agricultural sector, farmers to take into account the
local climatic conditions and conduct their activities in accordance with climate

change when using the means used for agricultural production.
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SECTION 2.4 AGRICULTURE IN THE CONTEXT OF
GLOBAL CLIMATE CHANGE: REALITIES AND
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Agriculture is a sector of the economy that is particularly dependent on weather
conditions. Climate change is affecting and will continue to affect the way we farm,
and adaptation to rising temperatures is necessary to maintain farm profitability and,
above all, the continued production of food and raw materials for the processing
industry. In the case of agriculture, many methods that increase the resilience of
farms to the effects of rising global temperatures (adaptation) can simultaneously
reduce greenhouse gas emissions (mitigation) and create additional benefits in the
form of increased grain yields.

Global warming is one of the most common concepts in the context of climate
change. It means a steady increase in the average global air temperature over a certain
period of observation. The main reason for the acceleration of these changes is
human activity, which has led to significant warming of the land, oceans and
atmosphere.

Climate change is already having and will continue to have a significant
negative impact on agriculture in Europe in the 21st century due to increased
temperatures, drought, floods, plant pests, diseases and soil degradation:

- significant losses in agricultural production (lower yields):

- reduction in the area of land suitable for growing crops.
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The regions of southern Europe will suffer the most from high temperatures
and water shortages. In Northern Europe, higher temperatures may create conditions
for heat-loving crops in new areas, but this will not compensate for losses in other
regions.

Insufficiently science-based land use changes have a negative impact on
climate change. While limiting climate change is crucial for agriculture,
unfortunately, it is increasingly exacerbating the problem. In recent decades,
greenhouse gas emissions (especially methane, CHa, and nitrogen oxide, N.O)
associated with agricultural activities have been growing rapidly, contributing to the
greenhouse effect and global warming. On a global scale, the main reasons are the
increase in the number of ruminants (cows, sheep, etc.), as well as the expansion of
arable land and pastures at the expense of forests and grasslands due to the growth of
livestock, population and, above all, animals to be fed. The increase in demand for
agricultural land is partially offset by an increase in crop productivity, resulting from,
among other things, the use of more advanced mechanization. However, in recent
decades, many regions of the world have experienced declining or stagnant yields.

Global warming, droughts and changing weather patterns have serious
implications for global food production. Each degree of temperature increase means a
6% decrease in global wheat yields, a 3% decrease in rice and soybean yields, and a
7% decrease in corn yields [1]. Agricultural production in some regions may
increase, but agriculture in others will suffer severely - for example, in West Africa, a
1.5°C warming leads to a 25% decrease in wheat yields, and even a 42% decrease
with a 2°C warming.

The main cause of global warming is human activity - the average global
temperature is now statistically almost 1.1 degrees higher than before the so-called
industrial era. It was then that technological development first began to have such a
significant impact on accelerating climate change. Currently, the impact of human

activity (industry, transportation and agriculture) on the natural environment has
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tangible consequences, which draws attention to the need to apply the principles of
sustainable development.

In recent years, the issue of global warming has become a serious problem and
challenge for the entire world - and this means not only an increase in air
temperature. The climate sends us ever clearer signals and provides information that
proves the need to take decisive steps to stop (at least slow down!) the negative
processes.

The transformation of natural areas into agricultural land involves the direct
release of CO: as a result of decomposition/combustion of plants growing in these
areas and from disturbed soil, and can reduce the absorption of both CO., CH4 and
N:0. This is the result of replacing multispecies ecosystems that effectively “absorb”
CO: from the atmosphere with monocultures, which often consist of annual plants, as
well as drying/destroying the soil, applying fertilizers and plant protection products,
etc. Therefore, agricultural land, along with water bodies and land plots (e.g.,
marshes), is one of the main sources of greenhouse gases, in addition to COa.
However, there are many agricultural practices that can at least partially offset these
emissions [2-3].

A significant amount of plant and soil emissions neutralize the potential
increase in absorption due to CO2, and limited uptake of nutrients such as nitrogen
and phosphorus leads to a slowdown in plant growth and carbon accumulation rates
by almost 65%. In addition, the response of plants and soil organic carbon pools to
increased atmospheric CO: and climate change is not supported by observations.
With this level of uncertainty, agricultural practices can help tip the scales in one
direction, or at least help offset emissions from the food system that cannot be
completely eliminated for obvious reasons, while increasing farm resilience to
climate change.

The visible and tangible consequences of global warming for wildlife include a
number of aspects: melting of natural ice sheets and glaciers, sea level rise, increased

frequency and intensity of extreme weather events (prolonged heat, sudden rains and
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storms, severe hurricanes, etc. ), disruption of the water cycle in nature (droughts and
floods, including flash floods), lengthening of the growing season of flora, stepping
of areas previously covered by ordinary vegetation, increased frequency and spread
of forest fires, changes in the range of distribution of flora species (in particular,
invasion of vulnerable and dangerous plants for sustainable diversity) and fauna,
including pests and vectors of infectious diseases. Confirmation and disclosure of the
peculiarities of these processes are described in publications by scientists from
different countries [3], as well as in more than 45 years of research in the western part
of Ukraine [4-8]. Global warming leads to a decrease in the productivity of
agrocenoses. The Earth is warming faster than the territories above the oceans. Over
the period 2011-2020, temperatures above them were 1.59° higher than in the period
1850-1900 [2]. This leads to changes in the frequency and type of precipitation: a
shift in the beginning and end of the growing season, a decrease in water availability,
or a change in the species composition and number of insects inhabiting certain areas
(both beneficial, such as pollinators, and those that cause damage to crops).

The faster these changes occur, the more difficult it is to adapt to them. The
measures and techniques used may not be sufficient to maintain farm production
levels in the short term. This makes it difficult to plan crops or conduct breeding in a
profitable way. In addition, it is much more difficult for agriculture to adapt to
extreme weather conditions than to changes in average temperature or precipitation.
Tropical nights, heat, or drought can completely destroy crops, while heavy rainfall
or flooding can make agricultural work difficult or impossible, cause losses due to
anaerobic conditions in the soil (root death, root diseases), and significantly increase
erosion, which destroys the fertile soil layer.

The rise in the Earth's temperature is already affecting crop yields around the
world, causing, for example, a global decline of almost 13% in oil palm and an
increase of almost 3.5% in soybeans. The negative impact of global warming is
noticeable primarily in Europe (in the western and southern parts of the continent,

yields of major crops decreased by 6-21%), southern Africa and Australia, while the
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positive impact is in Latin America. For example, in China, climate change-related
losses in corn and soybean crops (total) amounted to approximately USD 820 million
in the first decade of the 21st century, and in the United States, losses in the livestock
sector due to heat are estimated at USD 1.7-2.4 billion per year. In the case of
Europe, more frequent and severe droughts are and will continue to be a big problem.
With a global temperature increase of 30C, which according to current policy will
occur by 2100, the area affected by droughts will increase by 40% and more extreme
droughts will occur. Therefore, limiting the rate of increase in the Earth's temperature
is crucial from the agricultural perspective, and maintaining the warming threshold
well below 2°C will reduce the severity of the negative effects of climate change [2;
3;10-15].

Long-term studies by a number of authors have shown that changes in land use
affect the albedo of certain areas. Thus, replacing a dark forest zone with a light
cultural zone can theoretically have a “cooling” effect on the climate. The problem is
that it can be easily offset by both greenhouse gas emissions and changes in
evaporation. Evapotranspiration over forests is higher than over areas covered with
low vegetation, which makes forested areas cooler. This is important for the local
microclimate. Scientific studies have also shown that dry, heated air masses that form
over fields and areas covered by low vegetation in summer can cause or exacerbate
droughts in other regions.

On the other hand, in winter, if it snows, the albedo of fields will be lower than
that of forests. The solution may be to use light plant species/varieties in areas with
dark soils and generally preserve vegetation cover on fields. An important reserve in
this regard is the sowing of intercrops (post-harvest, post-harvest, in the form of
undercrops and winter crops), i.e. agro-rocenoses that grow between the harvest of
the main crop of the crop rotation and the sowing of the next main crop [2; 4; 7; 9;
16].

An indifferent and negligent attitude to the condition of the soil cover creates

favorable conditions for the development and deepening of soil erosion processes, as
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the open soil surface is much more prone to blowing away and washing away the
most fertile topsoil. Erosion processes (wind and water) are important from a climate
perspective, as they deplete the soil's organic carbon reserves. They also contribute to
a decrease in yields, as the soil structure is destroyed and at the same time nutrients
valuable for plants are lost. More and more scientific studies show that soil health is
crucial for the production of food, feed, and raw materials for the processing industry.
The presence of symbiotic mycorrhizal fungi improves the conditions for the
development of the plant root system.

Nutrients include nitrogen and phosphorus, which are supplied to agricultural
fields mainly in the form of fertilizers. If they are not absorbed by plants, they are
easily washed away by water from an open field. Over time, they reach the seas and
oceans, where they contribute to the formation of the so-called dead zone. In addition
to having a negative impact on fisheries, these zones are also a large source of nitrous
oxide. The more ingredients like nitrogen in the soil that are not utilized by plants, the
more serious the problem.

Climate change can also exacerbate negative phenomena such as decreased
organic matter, salinization, loss of soil biodiversity, landslides, desertification, and
flooding. The impact of climate change on soil carbon dioxide storage may be related
to changes in atmospheric CO: concentrations, rising temperatures, and changes in
precipitation patterns, such as extreme precipitation, rapid snow or ice melting, full
river flows, and more frequent droughts, which contribute to soil degradation.
Deforestation and other human activities (agriculture, skiing, etc.) also play an
important role.

The previously mentioned intermediate crops (green manure, fodder, seeds,
etc.) help to mitigate this phenomenon. They absorb some of the nutrients left in the
soil after the main crop is harvested. In addition, the roots of plants “bind” soil
particles, limiting their movement, and the leaves create a much more favorable
microclimate, reducing, for example, the degree of soil exposure in summer, and thus

its drying out, which contributes to soil blowing away (wind erosion).
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Intermediate crops serve as “green fertilizers”, i.e., plants that enrich the soil
with nutrients. A classic example is legumes, which contain symbiotic nitrogen-
fixing bacteria in the root layer. Such crops can also be used as fodder for farm
animals, which makes it possible to limit the size of the area devoted exclusively to
fodder crops. Therefore, it is clear that appropriate methods and scientifically sound
application of fertilizers (mineral and organic) can be important not only for the
amount of harvest, farm budget, greenhouse gas emissions in the field (mainly nitrous
oxide), but also for processes that take place in fields far from farmyards. The
provision of soils with organic substances in combination with green manure and
plant residues (straw, leaves, stems, etc.) has become even more important due to the
acute shortage of organic fertilizers of animal origin, and the use of only insufficient
amounts and inappropriate proportions of mineral fertilizers does not provide the
expected effect [4-7].

The search for energy sources was and is quite problematic during the energy
crisis. In recent years, the energy crisis has prompted experts to search for various
forms and methods of using biomass for fuel, although in reality this type of activity
is often carried out in connection with agriculture. It includes the traditional burning
of stubble, wood, dead grass, etc., which is an important reserve for their reasonable
use to replenish organic matter in the soil. It is also used in home biomass stoves,
mini-boilers, etc. It is known that biomass combustion causes about 11% of total
anthropogenic N2O emissions and is one of the world's main sources of carbonate
aerosols that adversely affect human health. In addition, the “black carbon” (soot)
contained in them absorbs solar radiation, exacerbating global warming (both when
floating in the air and as a result of settling on the Earth's surface, covering its surface
components).

An important segment of agricultural production and an integral part of
successful farming is the livestock industry. Unfortunately, in Ukraine, the link
between this chain is rather weak due to objective and subjective reasons, and there

are practically no organic fertilizers of animal origin! This problem is also shared by
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other EU countries, as the development of livestock breeding also creates
environmental problems. Since 2000, approximately 1/3 of the world's total
anthropogenic methane emissions have been caused by intestinal fermentation of
ruminants. Although various attempts are being made to influence the amount of
methane produced by animals, such as dietary changes (better quality, more
digestible feed), feed additives (reducing methane production by positively
influencing the microorganisms of the ruminant digestive system), and responsible
breeding (better animal husbandry methods, breeding new or older breeds that are
more resistant to environmental conditions), the greatest potential for reducing these
emissions is on the demand side. Reducing demand for meat and dairy products will
lead to a reduction in the population of ruminants (there are currently about 1.5
billion cows in the world). Since animals require a huge amount of feed (for example,
3/4 of the world's soybean crops are used for this purpose), this will also free up soil
for other needs.

In agriculture, the way soil is used can also affect the methane balance, for
example, by reducing the amount of methane in the atmosphere through measures
that increase soil uptake. As with N0, the key here is to reduce fertilizer inputs and
improve soil structure. In the case of methane, maintaining natural forests and
grassland ecosystems has great potential to reduce methane emissions [17-21].

The goal of managing grants is to ensure their long-term productivity and
ecological functionality so that agricultural production can continuously meet the
needs of society (this is called “sustainable” management). Modern agriculture on a
global scale needs to be reoriented toward a transformation that includes adaptation
and mitigation of the negative impacts of climate change at the same time. A number
of methods to reduce greenhouse gas emissions on farms provide direct or indirect
financial benefits and at the same time allow for adaptation to climate change. In this
way, the transformation of agriculture, which is necessary due to the current state of
the earth's systems, can reconcile both economic (farmer's income), social (food

supply), and environmental (reducing pressure on the natural environment) needs.
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Mitigation activities in agriculture are important because projections of changes in
global soil organic carbon resources in the 21st century vary widely. The key
uncertainty is the difference between the warming-related increase in CO2 emissions
(plant and microbial respiration) and the increase in the rate of carbon uptake by
plants.

Experts consider agroecology, various soil protection systems, precision farm
management technologies, the use of methods based on natural solutions (biological
plant protection), and the increase and protection of agricultural diversity (crop
rotation, intercrops, local varieties/hybrids, compacted and compatible crops) to be
important effective methods for the future of agricultural production. The last
mentioned method is very important in terms of adaptation and food security. Over
the course of the 20th century, 75% of food crops were lost due to replacement by
genetically homogeneous, high-yielding varieties, and about 80% of the world's fields
are planted with multiple crops (corn, wheat, rice, soybeans, etc.). This is important
because, in the case of specialized farms, the occurrence of an extreme event (late
frost, hail, heat, or drought) can completely destroy crops. Rich genetic diversity is a
kind of insurance policy that makes it possible to choose species, breeds and varieties
that are better adapted to climate change in the future [4-7].

For developing farmers who farm on small areas, returning to or preserving
traditional methods based on closer contact with nature, reconnecting crop production
with animal husbandry, can support adaptation and improve the functioning of local
ecosystems. Such agricultural systems tend to be much more resilient to extreme
weather events, disease epidemics, or the emergence of crop-feeding organisms
(pests). They also require minimal use of external inputs, which reduces the farm's
dependence on price fluctuations/availability of products on world markets, such as
chemical fertilizers or crop protection products, while reducing the human impact
(mechanization of agriculture) and the use of fossil fuels. In addition, intensification
of agriculture in close combination with livestock production contributes to increased

farm productivity, reduced emissions intensity, and serves as an additional option for
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climate change adaptation. In general, diversification of production makes it possible
to preserve at least part of the farm's income in the event of extreme events. However,
it is important that solutions are adapted to the local context and conditions, both

climatic and social.
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SECTION 2.5 CLIMATE CHANGE, INTENSIVE USE OF
PESTICIDES AND THEIR NEGATIVE IMPACT ON
CITRUS CULTURE

Narguli Asanidze
Giorgi Turmanidze
Batumi Shota Rustaveli State University, Georgia

Climate change is one of the most important challenges facing the modern
world, which threatens humanity and our planet. Georgia is already feeling its impact.
Today, agriculture is also affected by the negative impact of climate change.

Climate change is causing a large increase in pests of agricultural crops in
agriculture, which has a negative impact on the yield and other characteristics of
agricultural crops. When the number of pests is much higher than the limit norms,
then it becomes necessary to use pesticides sometimes over-intensively. Our goal was
to conduct a study on the negative impact of this way of fighting against gnawing
beetle (Ostoma terruginea) on citrus crops in my region - citrus poisoning with
pesticides.

As you know, pesticides are Binfenthrin- insecticideint against gnawing beetle
(Ostoma terruginea). Bifenthrin is a broad-spectrum insecticide that acts on a nerve
cell's ability to send a normal signal by blocking the tiny gates open on the cell,
which must open and close rapidly to send the message. Bifenthrin is used in
agriculture and residential environments, both indoors and outdoors.

What insects does bifenthrin kill? On a large scale, bifenthrin is often used
against invasive red fire ants. It is also effective against aphids, worms, other ants,
grubs, night beetles, earwigs, grasshoppers, mites, midges, spiders, mites, yellow
jackets, nettles, thrips, caterpillars, flies, fleas, sawflies and termites. Bifenthrin is not
a contact Kill product, it is a residual product that may take several days to begin

Combining science, education, and production as a way to form an effective
mechanism for preventing climate change



87

killing fleas or other insects we are treating for. We need to give the product time to
do what it was designed to do. If the infestation with fleas is large, after 7-14 days we
can treat again.

A large volome of Bifetherine is used to kill Aphidinae and various warms as
well as invasive red fire ants. Bifenthrin is not a contact dead product, it is a residual
product that may take several days to begin killing fleas or other insects we are
treating it for. We need to give the product time to do what it was designed to do. If
the infestation with fleas is large, after 7-14 days we can apply for it again.

Our task was to find out how the use of Bifethrin had a negative effect on the
Washington-Navel citrus crop in our region; therefore, we decided to investigate
what exactly harmed this crop. We will dynamically continue the research in the
future as well. Orange Washington-Navel is a medium-sized tree-plant, mainly
blooms once a year. A longer period of 220-250 days is required for fruit ripening.
The sum of the active temperatures should be up to 4500. It requires more heat and
tolerates higher temperatures than lemon. Vegetation begins at a temperature of 11-
12 degrees, and goes into a state of rest at about the same temperature. Fruit ripening
continues until late winter in our region. The absolute minimum is -10°C, at -6°C it is
weakly damaged, and at -8 it is moderately damaged. Citrus fruits are native to
typical monsoon regions, where there is a large amount of atmospheric precipitation
in summer, and a relatively dry autumn-winter period when the fruit ripens. If at this
time citrus fruits suffer from a moisture deficit, they develop the property of giving
moisture from the ripe fruit, as a result the fruit loses its juiciness and becomes rough.
The same lack of moisture causes a large number of young fruit to fall in the spring.
All of the above should be taken into account during the production of citrus fruits,
and irrigation should be carried out in the corresponding period. Citrus trees also
adapt well to high air humidity. A content of 1-1.5 degrees of free water in the soil is
quite enough to meet the demand for water, and if it falls below 1%, then there is a

water deficit. Citrus trees belong to the group of mesophytic plants.
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The research was conducted by us in the Ajara region, in the citrus plantation
located close to the village Makhinjauri. In 2017-2018, the Ministry of Agriculture of
Ajara conducted a campaign against Ostoma Terriguea in citrus plantations using the
chemical pesticide Bifethrin in the spring, during the flowering period of citrus trees.
Application of the pesticide in the citrus took place only in the area adjacent to the
road. In the depth of the plantation, on the lower slope pesticide could not be applied.
Two months after the treatment, one root of Washington-Navel orange withered.
Most of the flowers on the rest of the stem have fallen off. In the part that remained,
we noticed a sharp change in both morphological and taste characteristics of the fruits
harvested in the fall. In the area where the pesticide was not applied, Washington-
Navel oranges did not change either in terms of morphological or taste
characteristics. In the following years, the changes of the mentioned properties can be
observed in the harvest, but insignificantly every year. It should be noted that these
changes were most visible in the orange Washington-Navel; thus, why we decided to
investigate it.

The results of the study are given in the table 2.5.1.

Table 2.5.1 - Comparative characteristics of oranges

The area where pesticide was applied

The area where pesticide was un applied

Skin - damaged, with brown spots

Skin - healthy

Color - yellow

Color - orange

Taste - sour-sweet

Taste - sweet, slightly sour

Shape - round

Shape - round

Weight - 80.3-142.2 g

Weight - 218,2-220,5 ¢

Dry stuff by refractometer - 11.4%

Dry stuff by refractometer - 14,4%

Vitamin C —49.9 mg%

Vitamin C — 58,76 mg%

Total carotenoids - 2.44 mg%

Total carotenoids - 5,05 mg%

Standard methods of analysis were used for the research: determination of dry
stuff - thermogravimetric method (AOAC official Method); - quantitative
determination of water-soluble dry substances by means of a digital refractometer
(Carl Zeiss, Germany) (AOAC official method); - determination of total titration

acidity and pH value on an automatic titrometer (Mettler-Toledo AG, analytical
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www.mt.com/education-line  CH-8603  Schwerzenbach,  Switzerland); -
Quantification of vitamin C using titration iodometric method (AOAC official
method) - Determination of carotenoids by spectrophotomeric method (AOAC
official method). The table clearly shows the degradation of both external
morphological and taste properties of Washington-Navel oranges treated and
untreated with the pesticide (soil-climatic regime, the degree of soil fertility is the
same).

Since mandarin and lemon trees were not treated in the same plantation, we
could not make a comparative analysis with mandarin and lemon. The mentioned
data confirm that the fruits of the trees for which the pesticide was applied with all
indicators shows the damage: "damaged skin, brown spots, yellow color, taste sour-
sweet, healthy sweet-slightly sour" and other characteristics as well as dry content,
vitamin C content, total carotenoids are significantly inferior in comparison to the
fruit for which the pesticide as not applied.

According to Academician Giorgi Kvesitadze, until recently, the plant was not
considered at all as an organism capable of breaking down compounds
uncharacteristic of nature, including compounds with a complex structure, and
foreign compounds through metabolism. This process is carried out by the plant by
the synthesis of characteristic metabolites of the cell at the expense of the
decomposition of the organic part of compounds foreign to it. As a result of ten years
of research, it has been unequivocally proven that the plant has the ability not only to
absorb these foreign substances through its roots and leaves, but also to carry out
metabolic conversion to harmless cellular components. If we judge by the dynamics
of the years according to our research citrus orange Washington-Navel, compared to
the previous years, the taste qualities improve slightly, but improve. Obviously, we
do not end our research here and we will also study the dynamics of the next years.
The mentioned research allows us to make the following conclusion:

1. We think that the pesticide for the above-mentioned citrus tree was
applied by wrong dosage, specifically by excessive dosage;
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2. The pesticide was applied in the spring during the flowering period of
the plant, which, I think, is an incorrectly planned event. Moreover, it is possible that
the plant underwent a mutation.

It should be taken into account that the research was also carried out on the
annual dynamics of heavy metal content on the growing citrus trees of the same
plantation in polluted and clean environment. According to this study, Washington-
Navel oranges are particularly sensitive to heavy metals among citrus trees. | think
that the mentioned variety should be more sensitive to compounds with a complex
structure compared to other citrus fruits (mandarin, lemon), including pesticides.
Washington-Navel oranges were found to be more sensitive to pesticides than
mandarins and lemons.

Based on the mentioned conclusion, the following recommendations can be
made.

1. Pesticides shall not be applied in the citrus plantations during their
flowering period;

2. Check and determine the exact doses and concentrations of the

pesticides with which citrus is planned to be treated.
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SECTION 3.1 CLIMATE CHANGE AND THE
TRANSPORT SECTOR

Kozlovskyi Oleksandr

State Enterprise “Administration of River Ports”, Ukraine

3.1.1 General description of climate change impacts on the transport sector

Today, the dynamics of climate change is observed all over the world, and the
peculiarity of this process is that it is recorded both at the global and local levels. The
driver of accelerating global climate change is the use of fossil fuels as an energy
resource. This leads to an anthropogenic increase in the content of greenhouse gases
in the atmosphere. The implementation of the concept of sustainable development
with a gradual reduction of greenhouse gas emissions is based on both the adoption
of a differentiated approach to the use of energy resources and on making
adjustments to the activities of various industries, including transport.

As climate risks for the transport industry, it is noted that climate change and
its consequences can negatively affect both the construction and operation of
transport infrastructure facilities.

The following climate factors and risk levels have been identified as a result of
the assessment of climate risks for the global transport sector:

- thawing of permafrost: very dangerous level (70% of transport infrastructure
facilities in the Arctic zone);

- Increase in average temperatures, periods of abnormal heat/drought:
dangerous level (100% of transport infrastructure facilities);

- changes in the average sea level, increased destructive power of storms:
dangerous level (100% of transport infrastructure facilities located in coastal areas);

- Changes in the intensity and frequency of extreme precipitation (floods and

droughts): very dangerous level (100% of transport infrastructure facilities);
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- natural fires: dangerous level (100% of transport infrastructure facilities in
regions with a high risk of natural fires);

- strong winds/threats: dangerous level (100% of transport infrastructure
facilities) [1].

3.1.2 Assessment of climate risks for transport facilities

When assessing the level of risk of climate factors, it is advisable to evaluate
not only the percentage of transport infrastructure facilities that will be affected, but
also the damage to the transport infrastructure facility, as well as the probability of
this climate risk. To estimate the probability, the criteria given in the IPCC
assessment report can be used: 99-100 % probability is practically certain, 90-100 %
very likely, 66-100 % likely, 33-66 % most likely, 0-33 % unlikely, 0-10 % very
unlikely, and 0-1 % extremely unlikely [2].

In addition, climate change, along with an increase in the likelihood of natural
disasters, may be accompanied by hazardous natural processes that are not typical for
the area. This leads to low or no preparedness to respond to this extreme event in the
area. In this regard, when assessing probability, it is advisable to use the Bayesian
method, which takes into account the a priori probability when determining the a
posteriori probability of climate risk realization. This approach will allow to take into
account regional specifics when identifying the frequency of adverse events, which is
used in assessing climate risks for each specific transport infrastructure facility,
taking into account the scenario structure of climate change [5].

Gravitational exogenous geological processes, such as landslides, collapses,
and landslides, are not currently identified as climate risk factors. At the same time,
an increase in the amount and intensity of precipitation in the warm season leads to a
significant increase in the likelihood of adverse consequences associated with the loss
of slope stability. Such risks increase significantly when dry periods alternate with

periods of intense rainfall.
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3.1.3 Adaptation of communication and automation systems to climate change

The list of priority adaptation measures does not include adaptation of
communication and automation systems, in particular electronic equipment that
experiences significant overloads when operating in elevated temperatures (e.g.,
cities are exacerbating human-induced warming at the local level). However, climate
change increases the likelihood of hazardous natural processes that can trigger man-
made emergencies.

Most railway facilities show an increased failure rate even at moderately low
temperatures, such as 20 °C, with the frequency of accidents increasing significantly
above 26 °C [2]. These temperatures are within climatological temperature limits, as
well as within the required performance characteristics of rail infrastructure.

Thermal expansion can also affect overhead power lines. As overhead lines
expand, their tension decreases, which can lead to excessive sagging. The incidence
of overhead line sagging is also higher in urban areas due to the urban heat island
effect, which can result in urban areas being several degrees warmer than their
surroundings, and further urbanization, along with more frequent extreme heat waves,
will increase the strength of heat waves. Cities are often important transportation
hubs, and a failure here can be very problematic, quickly spreading to the rest of the
network, causing significant delays in the transportation of passengers and goods.
Therefore, understanding the nature of heat-related incidents at such critical locations
is essential.

The effect of heat on signaling equipment (signaling, centralization,
interlocking) is much less well studied. Signaling and interlocking is a set of
electromechanical devices designed to ensure the safety of train traffic, increase the
capacity of tracks and stations, and eliminate manual operations. Unlike overhead
lines, modern types of signaling equipment tend to be more susceptible to heat-
related failures due to their increased dependence on electrical and electronic

components. Equipment exposed to direct sunlight is most vulnerable to overheating,
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and in particular, equipment inside containers can experience faster temperature
changes and higher temperature extremes than those outside [1].

There are the following causes of failures related to the effects of climate
change on transport infrastructure.

- most heat-related events occur in the early to mid-summer period and then
decline, despite temperatures remaining high. This is due to the correction of any
equipment failures that occur during the hottest period and suggests that the
transportation infrastructure system becomes increasingly resilient during the summer
as faulty equipment is repaired or replaced. Shading from artificial structures or trees,
the degree of which can vary depending on the time of day and season, is the main
cause of spatial variations in overheating failures.

- There is a significant vulnerability of signaling equipment to heat. In addition,
there is an increased likelihood of track distortion, heat-related accident response
costs, and an increase in the number and duration of delays in passenger and freight
transportation.

- A wide range of equipment fails due to heat, at ambient temperatures that are
within the operating range and within the climatic norms of the region. The reasons
for failures may include the use of outdated equipment, and maintenance procedures
cannot always be performed at high ambient temperatures [2].

The current approach to ensuring equipment resilience needs to be reviewed in
the medium and long term. Because without targeted adaptation or mitigation of
climate change, the incidence of equipment failures and track distortions will increase
in a future warmer climate.

1) Managing thermal risks at critical nodes is imperative, especially in urban
areas where the heat island effect can lead to significantly higher temperatures than in
the surrounding area [3].

It is predicted that in the future, the rail network will face unprecedented
challenges due to more frequent high temperatures, and without targeted adaptation

or mitigation of climate change, the costs and delays associated with thermal risks
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will increase. Thus, increasing the climate resilience of the transportation network is
now essential.

2) Training of personnel for the implementation of the climate change
adaptation plan in the transport sector [1].

However, the climate crisis poses challenges to society that require a
comprehensive approach and include not only organizational and technical tasks, but
also changes in educational approaches.

Today, the use of geographical knowledge to independently assess the level of
environmental safety and adaptation to changing conditions is: assess the level of
environmental safety and adaptation to changing conditions; assess the impact of
environmental changes on various areas of human activity at the regional level;
compare, evaluate and argue different points of view on current environmental and
s0cio-economic issues.

Climate change education should be approached at the institutional level, i.e.,
collective focus on the current and projected climate situation, with collective action
[11].

3.1.4 Analysis of greenhouse gas sequestration technologies as climate change

adaptation measures in the transport sector

Linking adaptation programs to greenhouse gas emission reduction measures
will allow for greater flexibility in responding to changes in the forecasts presented in
the scenario framework [3] and will also allow for the management of climate risk
factors. One of the ways to adapt or mitigate the effects of climate change in terms of
adaptation in the field of transport is the development and implementation of
greenhouse gas emission absorption technologies [1]. The types of greenhouse gas
sequestration technologies that can be implemented in the transport sector can be

categorized as follows:
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1 Afforestation and reforestation absorbs carbon dioxide in the process of
forest growth. The advantage of this technology is that it is a known technology and
can be implemented at low cost. However, it should be borne in mind that large areas
of forests are required to absorb a significant amount of carbon dioxide. At the same
time, there is a threat of release of carbon stored in wood in case of violation of
planting technologies. Nitrous oxide emissions are possible when fertilizers are
applied to stimulate forest growth. It is also necessary to protect forests from natural
fires. In arid areas, the need for water can also be a significant limiting factor.

2. Bioenergy production with carbon capture and storage (BECCS). This
technology is based on the fact that biomass, which accumulates carbon during
growth, stores it in the form of organic material. This biomass can be burned at power
plants (or converted into other forms of energy) to produce electricity. At the same
time, the carbon dioxide generated during combustion is captured and buried.
Biomass can be used to produce hydrogen, biofuels or biogas. This technology has
been implemented in demonstration models, but its effectiveness must be assessed on
a case-by-case basis.

3. Direct ambient air CO, capture and storage (DACCS). A significant portion
of anthropogenic greenhouse gas emissions comes from distributed sources.
Capturing these emissions at the source is often inefficient and impractical. To
remove these emissions, carbon dioxide can be captured directly from the ambient
air. Implementation of direct capture technology from the atmosphere requires a
source of energy and/or heat with a minimal carbon footprint, which limits the choice
of a suitable location to areas where there is access to such a source. Direct capture
uses a sorbent to absorb carbon dioxide in a solid or liquid phase. After carbon
dioxide is absorbed, the sorbent is regenerated to produce highly concentrated carbon
dioxide, which is then transported and disposed of. For example, in underground
cavities from which hydrocarbons are extracted and then injected into rocks [4].

Since carbon capture and storage (CCS) acts as a component in categories 2

and 3 above, and is also a technology for direct mitigation of impacts from point
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sources of carbon dioxide emissions, this technology can be considered as a separate

technology of negative emissions [5].

3.1.5 Inclusiveness in the development of climate change adaptation measures

for transport

The goal of climate change adaptation is to set quantitative parameters,
including timeframes, for specific measures for specific transport infrastructure
facilities, taking into account priority climate risks, by focusing on specific measures
for specific transport infrastructure facilities.

Interaction with stakeholders (infrastructure owners, related organizations,
executive authorities and local governments) is crucial here, as infrastructure
facilities are part of an interdependent system, and a weather-related failure of an
adjacent infrastructure network (e.g., power supply) may affect transport
infrastructure. External stakeholders can also provide information on the vulnerability
of the facilities they manage to climate risks.

Priority adaptation measures in the field of transport include

- Amendments to regulatory and methodological documents aimed at taking
into account the changing climate during the design, construction, and operation of
transport infrastructure facilities;

- development of a monitoring system for engineering and geocryological
conditions to monitor the condition of linear infrastructure facilities and development
of a sectoral methodology for calculating climate risks and assessing the effects of
climate change;

- creating a system for monitoring climate change and natural emergencies on
highways, as well as developing a digital platform with an interactive map of
highways with predicted risks of climate change impact;

- conducting research on the impact of climate risks on the provision of

insurance services to transport companies;
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- compiling a list of transport infrastructure facilities vulnerable to the effects
of climate change;

- creation of a test site for testing new binding materials for road construction
and maintenance, including the development of regulations for their use;

- increasing the capacity of inland waterways, eliminating the negative impact
of climate change and ensuring the depths required for navigation [5].

The assessment showed that in some cases, the negative impact factor in the
climate risk assessment may not be the hazardous natural process itself, but a natural
or man-made phenomenon initiated by it and, in turn, affecting a particular transport
infrastructure facility. When analyzing climate risk factors, it is necessary to identify
all possible objects of risk exposure (an object that is exposed to a hazardous event,
adverse weather conditions, or abnormal climatic conditions). In this case, the
increase in damage is determined not only by climate risk factors but also by the
vulnerability of transport infrastructure facilities. Vulnerability is determined by both
the significant degree of deterioration of facilities and existing deviations from
building codes and regulations. In addition, the vulnerability is particularly
pronounced in facilities located in areas of high climate risk.

Taking into account the proposals for improving the climate change adaptation
plan in the field of transport will make it possible to provide the necessary funding
for adaptation measures, assess climate risks for transport facilities, taking into
account the a priori probability of adverse events, take into account the growing
impact of exogenous geological processes on transport facilities, focus on the
vulnerability to climate change of communication and automation systems in
transport, and ensure the necessary level of professional training for the

implementation of the adaptation plan, including
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SECTION 3.2 EUROPEAN TRANSITION TO
DEVELOPMENT OF DECARBONISATION
INNOVATIONS IN TRANSPORT AND LOGISTICS

Borysiak Olena,

Western Ukrainian National University, Ukraine

Climate change drives the search for innovative approaches to reducing
greenhouse gas emissions by developing a low-carbon economy and enhancing the
monitoring of environmentally friendly business processes in the context of
sustainable mobility. European strategic goals for transitioning to a low-carbon
economy include several environmental targets such as: the development of carbon
markets; circular cities; energy efficiency in buildings; renewable energy; and
enhancing climate resilience in agriculture and forestry.

In scientific literature, "sustainable transportation” is defined as "transportation
that meets current transportation needs without compromising the ability to meet
future needs. The criteria for sustainable transportation include: the degree of
satisfaction of transportation demand, the technical and commercial viability of
transportation technology (economic goals); production and regenerative functions
(ecological goals); and cultural richness, institutional factors, social justice, etc.
(social goals)"_[1, p. 179]. According to this definition, the criteria for sustainable
transportation are: "the degree of satisfaction of transportation demand, the technical
and commercial viability of using appropriate transportation technologies, etc.
(economic goals); the level of environmental production and regenerative functions
(ecological goals); and the effectiveness of institutional factors, the level of social
responsibility, etc. (social goals)™ [1, p. 179]. This process aims to optimize the use of
eco-friendly transportation vehicles by maximizing their deployment through
identifying common priorities in the development of transportation logistics and

Combining science, education, and production as a way to form an effective
mechanism for preventing climate change



102

enhancing the synergy between energy-efficient and low-carbon management of
logistics chains for road freight transportation..

In this context, it is important to highlight the European Union's "Smart and
Resilient Cities" concept, which integrates urban resilience and mobility,
emphasizing that both aspects should be considered simultaneously. Its emergence
can be seen as a response to criticism of smart city solutions that contradict
sustainability and as an attempt to more fully address the needs of cities that are
increasingly digitalized, compared to the traditional sustainability concept. [2-4]. A
"smart and resilient city" is defined as an "innovative city that utilizes information
and communication technologies and other means to improve the quality of life,
operational efficiency, and services within cities, while also ensuring competitiveness
and addressing the needs of current and future generations in economic, social,
environmental, and cultural aspects"” [5, p. 141-142].

The main priorities of the EU transport policy include the creation of a Single
European Transport Area, based on the interaction of different modes of transport,
and the emergence of multinational and multimodal operators. To establish an
integrated transport system, combining several modes of transport, the White Paper
envisions the introduction of a "single window" and "continuous administrative shop"
by creating a single electronic transport document (electronic bill of lading),
implementing "smart" transport systems, and developing "smart" infrastructure (both
terrestrial and airborne) to ensure the interaction of various modes of transport [6].

"Historically, the automotive sector has been a leading industry in Europe and
has made a significant contribution to economic growth and prosperity. However, to
advance its green transition, the EU now mandates that, starting from 2035, all cars
sold in the EU must be zero-emission vehicles. Such legislative requirements have
accelerated global competition in the electric vehicle sector” [7].

In the European Union, the strategic document "ERTRAC Road Transport

Scenario 2030+ 'Road to Implementation™ has been developed. It is documented to

"represents a diverse group of stakeholders in a successful European transport
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system, including: car manufacturers, automotive market intermediaries and transport
service providers, road infrastructure operators, energy and fuel suppliers, as well as
experts in European public and local policy" [8, p. 153-154]. In this document,
among the listed vectors for the greening of urban transport are the following:

— expenditures on electricity and greenhouse gas emissions from road
transport should be stabilized through energy efficiency improvements, such as
enhancing vehicle engines, and replacing non-renewable modes of transport with
renewable ones;

— the energy efficiency of transport systems in cities should be improved
through the application of both technological and non-technological measures,
specifically by implementing energy-saving technologies in the automotive industry;

— the use of more electric-powered vehicles in public transportation chains of
large cities, which should increase the focus on renewable energy sources;

— offering various incentive programs for businesses to fully engage in
implementing new and economically efficient energy transport technologies, as
demand and supply for energy-saving technologies must be balanced among all
market participants: businesses, municipal and government authorities, transportation
service consumers, and the public. [8, p. 153-154].

According to the European Green Deal, which aims to establish climate-neutral
development for the European Union by 2050, priorities include the use of
environmentally friendly and smart transport (electric vehicles), creating conditions
for safe and resilient transport, and providing smart mobility services for passengers

and goods ". "Considering this, an important area of innovative development in
logistics for freight transport based on decarbonisation and energy efficiency is the
formation of partnerships between energy service companies and transport service
providers to expand access to renewable energy sources using artificial intelligence.
The benefits of implementing innovations in safe, sustainable transport and smart
mobility services for passengers and goods include enhanced safety on the road,

environmental preservation, reduced accidents caused by human error, decreased
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traffic congestion, reduced energy consumption and emissions from vehicles, and
improved efficiency and productivity of freight operations.

In July 2024, the European Commission selected 134 transport projects to
receive over 7 billion euros in grants from the Connecting Europe Facility (CEF), a
strategic EU tool for investing in infrastructure. Nearly 83% of the funding will be
allocated to support projects aimed at achieving EU climate goals, improving and
modernizing railway networks, inland waterways, and maritime routes along the
Trans-European Transport Network (TEN-T). The revised TEN-T Regulation came
into effect on July 18, 2024 [9].

According to an analysis by McKinsey, "the economic advantage of
electrification lies in the fact that the cost of electricity becomes lower than the cost
of gas and CO-" [10] (Fig. 3.2.1).
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Figure 3.2.1 - Day-ehead electricity prices are falling below the costs of gas and CO2
[10]

A decrease in prices usually coincides with an oversupply of renewable energy
sources, meaning that "cheap hours" of electricity availability also represent "low-
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emission hours" (see sidebar "Advantages of Increasing Electricity Generation™).
"Although significant price fluctuations were absent in 2022, a comparison of
Germany and Spain shows that price volatility remains, particularly when examining
the price difference between gas and electricity (Fig. 3.2.2). In both cases, the share
of hours when electricity was cheaper than gas in 2023 ranged from 15% to 25%.
Price fluctuations might increase in the future as additional renewable energy sources

are integrated into the system". [10].

Distribution of price difference between gas and electricity, €/MWh
Spain Germany
Electrcity
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than gas

Gas —16(
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than
electricity

Figure 3.2.2 - While price volatility decreased after 2022, electricity was still cheaper
than gas for 15 to 25 percent of hours in 2023 [10].

Therefore, "the implementation of environmental innovations is positioned as a
goal for businesses to become more sustainable, reduce negative external effects, and
meet the environmental requirements of governments and consumer demands" [11;
12]. With this in mind, the climate and environmental safety of energy and transport
enterprises are ensured by transitioning to the production, marketing, and
consumption of "green" energy, cyclic use of resources, and reducing greenhouse gas

emissions at local and regional levels.
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SECTION 3.3 INTELLIGENT SYSTEMS FOR ASSESSING
FUEL EFFICIENCY OF VEHICLES

Volkova Tatiana
Kharkiv National Automobile and Highway University, Ukraine

3.3.1 Current state of road transport in Ukraine

Road transport (RT) is the most important sector of the Ukrainian economy,
serving virtually all sectors of the economy and population, and contributing to the
growth of mobility and quality of life.

Currently, Ukraine's vehicle fleet includes more than 14 million vehicles, with
the following structure: trucks - 15.5%, buses - 2.6%, and cars - 81.9% [1].

The automotive industry is one of the industries that started large-scale
privatization in Ukraine. First and foremost, road transport enterprises (PJSCs)
engaged in cargo transportation were privatized.

In this regard, a large number of carriers of various forms of ownership
appeared on the market of road transport services, which had no experience in
organizing transportation, the necessary professional knowledge, the appropriate
technical base, and their vehicles did not meet the requirements of transportation
safety.

The state transport policy in the industry is implemented through the laws of
Ukraine, the regulatory and legal framework, and the regulatory and technical base,
by improving the system of public administration and state regulation in the field of
relations and activities of business entities.

The state regulation of the transportation services market is carried out through
licensing of motor transportation activities. To date, the number of licenses obtained
by legal entities and individuals in Ukraine is approximately 140 thousand, and the

number of vehicles used by them is up to 400 thousand units. According to the Main
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State Inspectorate for Motor Vehicles, the share of carriers with only one vehicle in
operation is 61%, up to three vehicles - 22.4%, up to five vehicles - 7%, up to ten
vehicles - 5.4%, and more than ten vehicles - 4.3%.

The establishment of market relations in the public road transport system,
privatization of state-owned PJSCs, purchase of vehicles for own funds or lease of
vehicles led to the emergence of more than 30 thousand passenger carriers on the
transportation services market, which received licenses for the right to provide
passenger transportation services.

As of today, the bus service network includes about 19 thousand city,
suburban, and international routes, with approximately 50 thousand buses. Prior to
the transition to a market economy, the public transport system in Ukraine was
operated by 45 to 54 thousand buses in different years, which were concentrated in
449 specialized state-owned PJSCs.

It should be noted that passenger road transportation is a technologically
centralized system in which each vehicle must be under dispatcher control and
management. As the experience of domestic and foreign carriers shows, the highest
efficiency, quality and safety are achieved when vehicles receive the necessary
technical and medical care, and buses are constantly monitored, when the
transportation management system receives information about the location of the bus
at certain intervals and can intervene in the transportation process.

Road transport continues to be the most resource-intensive and hazardous
mode of transportation for the population and the environment.

Road transport consumes more than 6% of petroleum-based fuels, 7% of labor
resources, and causes more than 96% of road accidents. Road transport is estimated
to account for 40-5% of environmental pollution, including 60-7% in large cities and
more than 85% in megacities. At the same time, at least 25% of the pollution is due to
the technical condition of vehicles and the production activities of PJSCs [2].

The main systemic problems of JSCs at the present stage are [1]:
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- loss of administrative levers of management of the JSC as a fully privatized
company;

- reduction in the volume of transportation work;

- unprofitable operation of passenger transport on public bus routes;

- massive aging of rolling stock and lack of mechanisms for its replacement;

- mismatch between the structure of the freight and passenger fleet and the
demand for its services;

- unsatisfactory level of road transportation safety and significant economic

burden on the environment.

3.3.2 Product life cycle and its information support

Today, the term “life cycle” (LC) is used in both natural and technical sciences,
as well as in the humanities. Different subject dictionaries have a sufficient number
of definitions of the LC, which are similar to each other in the main features [3].

The model of the full life cycle of an individual object is a description of the
sequence of all phases, stages of its existence from conception and appearance
(“birth”) to disappearance (“extinction”, Fig. 3.3.1).

The following main properties are characteristic of the full LC model:

- the structure (composition of stages) of the model of the LC does not depend
on the object being described, i.e. the model of the LC is invariant with respect to
changes in the type of object, industry, etc;

- in life, at any given time, there is only a process of activity of specific agents
to create specific results, and this initial primary real process is fully described by the
flows of the WT models.

A new technique for JSCs in the field of controlling their technical condition is
the creation of information systems for organizational and functional support of car
operation processes, through information integration: first, the stages of car LC, and

second, systems of its technical control (control and diagnosis of car condition).
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Figure 3.3.1 - Life cycle model (ukr)

The emergence of “systems with full responsibility” in transport, such as
FADEC (Full Authority Digital Electronic Control system) [4], which is aimed at
creating a single structure of on-board systems for controlling the work processes of
units and assemblies, monitoring and diagnostic systems, systems for organizational
and functional support of IPR / CALS / PLM technologies is a modern approach to
the design, production and modern information technologies at all stages of the LCC
[3, 4].

In the field of transport companies of JSC, the integrated information
environment of IPR / CALS / PDM technologies is only being implemented. Today,
it is only a set of networked electronic information systems in the form of distributed
storages, which are heterogeneous, as they use different:

An example of the implementation in JSC is the Torque program as the basis of
the “automotive” FADEC concept, which is the first step towards the FRACAS
system and, accordingly, IPV / CALS / PLM technologies designed to receive and
display diagnostic information from the onboard self-diagnostic system. Today, it
already “knows” how to display the current parameters of the engine, the
environmental component of the car, other systems, components and assemblies,

LRI

display and decipher “error codes”, “erase errors” from the electronic control unit
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(ECU), automatically send the values of the parameters controlled by the sensor to
the integrated electronic information meta-space, where within six months you can
see not only the current values of the controlled values at different times, but also see
on the map the entire route of the RS for this period [5].

3.3.3 Features of the use of information software systems

Based on the research carried out at KhNAHU, the transport information
system of the virtual enterprise “KhNADU TESA” and the following information
software systems (IS) “Virtual Mechanic ‘HADI-12’, IS ‘Service Fuel Eco 'NTU-
HADI-12”, IS “MonDiaFor ‘HADI-15’, IS ‘IdenMonDiaOperCon "HNADU-16",
which have the ability to work as part of intelligent transport systems (ITS), were
developed [5, 6].

The formation of the technology for monitoring the technical condition of cars
is based on a general approach to the study of the system “car - driver - operating
conditions - car operating infrastructure (transport and highway)”, which includes the
systematic interaction of the monitoring components: a car with a driver and an
onboard information complex (OIC); car operating conditions (road, transport,
atmospheric and climatic conditions, environmental and labor culture) [5]; transport
infrastructure and infrastructure of the automobile industry.

As an example, we present the algorithm and some experimental results of the
“Service Fuel Eco ‘NTU-HADI-12° PKI. It has a separate block of the IPC
“Environmental indicators” (Fig. 3.3.2), in which calculations are made in
accordance with the methodology “Service Fuel Eco ‘NTU-HADI-12"”. It determines
the consumption of fuel, lubricants, emissions, and waste [6].

Average fuel consumption of a vehicle:

- when performing transportation work, 1/100 km (m3/100 km, LNG);

- during maintenance and repair (5 % of fuel consumption during

transportation), I.
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Lubricants consumption is shown in Table 3.3.1.

Table 3.3.1 - Consumption of lubricants in the Service Fuel Eco “NTU-HADI-

127 IPC

. Lubricant consumption, 1/100 | (1/200 m3, LNG)

é (in relation to fuel consumption)

585 s > g

g E 2 g ° =5

© @ [ =

($) =
M, 0,5...1,8 0,02...0,15 0,01...0,05 0,05...0,1
M, 0,5...1,8 0,02...0,15 0,01...0,05 0,05...0,1
M3 1,5...2,8 0,1...04 0,05...0,1 0,1...0,3
N 0,5...1,8 0,02...0,15 0,01...0,05 0,05...0,1
N> 1,5...2,8 0,1...04 0,05...0,1 0,1...0,3
N3 1,5...2,8 0,1...04 0,05...0,1 0,1...0,3

Mass emissions of harmful substances (HM) are calculated according to

formula 3.3.1, tons:

m
M; = zlgichjKTikjkjv (331)
m=

where gj - the average specific emission of the i-th SR per unit mass of the j-th
fuel type, kgft;
Q; - the consumption of the j-th fuel by a car for a certain period, tons;
Tig - a coefficient that takes into account the impact of the technical
condition of a vehicle of the k-th type consuming the j-th type of fuel on the value of
specific emissions;

k; - the coefficient of bringing the car to the environmental class.
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Figure 3.3.2 - Schematic diagram of the structural PKI “Service Fuel Eco
‘NTU-HADI-12" (ukr)

The value of the correction factor Tikj is selected depending on: the harmful
substance (i) whose emission is calculated; type of vehicle (k) and type of fuel
consumed (j), using the data in Table 3.3.2.
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Table 3.3.2 - Values of Tikj coefficients in the “Service Fuel Eco ‘NTU-HADI-
12’ PKI

. Values of the Ty coefficient for different pollutants
Vehicle category
co CiHn NOy PM
M1 15 15 0,9 -
M2 17 138 0,9 -
M3 15 14 0,95 18
N1 1,7 18 0,9 -
N2 1,7 18 0,9 -
N3 15 14 0,95 18

Average specific emissions gicj are selected from Table 3.3.3. The value of the
average specific emissions of SR is given for the case when the car does not have
exhaust gas neutralization systems (Euro 0). For environmental classes Euro 1 - Euro
6, the conversion factors kj to the EURO standards are used (Table 3.3.4).

Table 3.3.3 - Values of average specific emissions of PM per unit of fuel
consumed in the “Service Fuel Eco ‘NTU-HADI-12"”

Specific emissions of pollutants
Type of fuel kg/t of fuel
Jco JcH gNox Opm
Gasoline 196,5 37,0 21,8 —
Liquefied petroleum gas 196,5 37,0 21,8 —
Diesel fuel 36,0 6,2 31,5 3,85
Compressed natural gas 87,5 22,4 27,6 -
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Table 3.3.4 - Conversion factors to Euro kj

Ecological classes of cars
Pollutants
Euro-0 Euro-1 Euro-2 Euro-3 Euro-4 Euro-5 Euro-6
CcO 1 0,4 0,32 0,17 0,12 0,12 0,1
NO, 1 0,55 0,49 0,34 0,24 0,13 0,1
CnHm 1 0,46 0,46 0,28 0,2 0,2 0,15
PM 1 0,51 0,21 0,14 0,03 0,03 0,2

Waste at the motor vehicle transport facility includes batteries, tires, and filters.
The amount of used batteries is determined based on the number of batteries installed

on the vehicle (according to the road transport company), their service life and
weight, units/year:

N = z NaBT.i -0 /TI , (332)
1

where Ng.; - the number of vehicles equipped with batteries of the i-th type,
units;

n; - number of batteries per vehicle, units;
T; - the service life of the battery of the i-th type, year.

The weight of used batteries is equal to, t/year:

m
M=3 N;-m-1073, (3.3.3)

m=1

where N; - the number of used batteries of the i-th brand, units/year;

m; - the weight of the battery of the i-th type with electrolyte, kg.
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The weight of used tires with a metal cord and with a fabric cord is determined

by the formula, t/year:

M = %(Li-mi~Ni-ni)/(Lm~10‘3), (3.3.4)

m=1

where N; - the number of cars of the i-th brand, units;
n; - number of tires installed on the car of the i-th brand, units;
m; - the weight of one worn-out tire of a given type, kg;
L; - the average annual mileage of the car of the i-th brand, thousand
km/year;
L. - the mileage rate of the car of the i-th brand before replacing the
tires, thousand km.

The weight of used filters generated during the operation of the vehicle is
determined by the formula, t/year:

M= g(Li'mi'Ni'ni)/<Lni'10_3)' (3.3.5)

m=1

where Ni is the number of vehicles of the i-th brand, units;
n; - number of filters installed on the vehicle of the i-th brand, units;
m; - weight of one filter on the vehicle of the i-th brand, kg;
Li - the average annual mileage of the vehicle of the i-th brand,
thousand km/year;
L. - the rate of mileage of the vehicle of the i-th brand before replacing
the filters, thousand km.
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An example of displaying information on the “Environmental Indicators
Calculations => Costs” workspace is a wide range of parameters:

- state registration number of the vehicle

- vehicle group;

- fuel consumption during transportation work, 1/100 km;

- fuel consumption during maintenance and repair, I;

- engine oil consumption, 1/200 | (1/200 m3, LNG);

- transmission oil consumption, 1/100 | (1/100 m3, LNG);

- special oil consumption, 1/100 | (1/200 m3, LNG);

- consumption of plastic lubricants, 1/100 | (1/100 m3, LNG).

To calculate emissions of harmful substances, select the window in the main
menu: “Calculations of environmental indicators => Emissions”.

The information in the Emissions window can be sorted by state registration
numbers of vehicles and by the date of receipt.

The following information is included in the emissions parameters:

- state registration number of the car;

- vehicle group;

- type of fuel,

- environmental class;

- mass emission of carbon monoxide, t;

- mass emission of hydrocarbons, t;

- mass emission of nitrogen oxides, t;

- mass emission of solid particles, tons.

To calculate waste, select the window in the main menu: “Calculations of
environmental indicators => Waste”.

In the “Waste” window, you can sort the information by state registration

numbers of the vehicle, date and type of emissions: used batteries; tires; filters.
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3.3.4 Example of the results of fuel consumption by a car at driving distance

sections using geofences

To determine the speed of the vehicle, taking into account the operating
conditions, the experimental section of the road was divided depending on the
formation of geozones along the entire distance of the road. First of all, we
distinguished geozones of cities with a maximum speed limit of 50 km/h in
accordance with the requirements of traffic rules and geozones outside the city with a
maximum speed limit of 130 km/h.

The results of the study of fuel consumption by a car at the experimental sites
within the travel distance - using the PKI “Service Fuel Eco ‘NTU-HADI-12"” are
shown in Fig. 3.3.3, and the changes in fuel consumption by a car while driving based

on the results of processing the report in Fig. 3.3.4.
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Figure 3.3.3 - Results of the study of fuel consumption by a car at the experimental
sites within the travel distance: a - depending on the travel distance; b - depending
on the travel time (ukr)
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Figure 3.3.4 - Results of determining the change in fuel consumption by a car

while driving based on the results of processing the report (ukr)
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CLIMATE CHANGE AND THE
PROBLEM OF RESOURCE
CONSERVATION
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SECTION 4.1 SCIENTIFIC ASPECTS OF RESOURCE
CONSERVATION MANAGEMENT AS A BASIS FOR
CLIMATE CHANGE

Barun Marina

Kharkiv National Automobile and Highway University, Ukraine

Global climate change is perhaps the greatest challenge humanity has ever
faced. It is a problem that our generation is already facing, and its consequences will
be borne by future generations. Climate change is a reality

If current trends do not change in the coming years, global temperatures will
reach their highest level by the end of the century. Scientists are convinced that
climate change is human-influenced and that humanity is responsible for pollution
and negative changes in the global climate balance. However, we are still unable to
make quick decisions and are simply trying to cope with the consequences and adapt
to the changes around us.

In the context of the crisis and transformation of the Ukrainian economy, the
issue of managing resource-saving activities at an enterprise is of particular
importance. Resource-saving activities are manifested not only at the enterprise level,
but also have an impact on the industry and the economy as a whole by reducing the
resource intensity of production and its more efficient operation. Therefore, the
process of resource conservation not only contributes to the efficient operation of the
company, but also to the effective management of the Ukrainian economy.

Considering serious environmental and resource issues from different angles, it
can be said that the development of modern society is accompanied by the use of
significant amounts of natural resources, while at the same time the destruction of the
environment has reached a critical point. Due to the disruption of the relationship
between nature and humanity, undesirable consequences are increasingly felt.

Therefore, the application of resource-saving technologies, projects, etc. aimed at
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improving the situation with environmental pollution, releasing natural resources
from production through the use of waste and secondary resources is relevant in the
development of modern society.

Resource-saving activities are manifested not only at the enterprise level, but
also have an impact on the industry and the economy as a whole by reducing the
resource intensity of production and its more efficient operation. enterprises,
industries and the economy as a whole, but also reduce the impact on the
environment. The approach to the essence of the process of resource saving at the

enterprise is shown in Fig. 4.1.1.
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Figure 4.1.1 - The essence of the resource saving process at the enterprise
(ukr)

It should be noted that the process of resource saving can be considered both
in a narrow and broad sense. In the first sense, resource conservation is the
environment in which specific processes take place, i.e. activities aimed at achieving
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the specified results, namely, increasing the economic efficiency of production while
reducing the use of resources. In a broad sense, the process of resource conservation
covers all aspects of production and economic activity, both at the enterprise level
and at the level of the industry and the state as a whole. It addresses issues arising
from the interaction between the existing capabilities of the existing economic
mechanism and the development and implementation of innovative resource-saving
technologies in the production process.

Therefore, based on the above, the concept of resource saving has three
manifestations, namely:

1) as a sphere of economic activity of society - an organisational and economic
system;

2) as a process of rational use of all types of resources;

3) as aresult, the sum of all types of effects.

It should be noted that when analysing approaches to defining the concept of
resource efficiency, certain common features and differences were identified. For
example, the ecological and production approach focuses on the use of new
equipment and the introduction of the latest technologies in the production process,
which will lead to a reduction in resource and energy intensity of products, while the
ecological and resource approach focuses on the use of the latest zero- or low-waste
technologies, the introduction of secondary resources and waste into production,
which will lead to the rational use of resources and resource saving. The ecological
and organisational approach considers organisational and technical measures to
implement resource conservation in production.

The general classification of resource saving indicators by individual
classification features and taking into account their nomenclature fixed at the state
level is shown in Fig. 4.1.2.
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Figure 4.1.2 - Classification of resource saving indicators (ukr)

According to this classification, resource saving indicators are divided into the
following categories:

- by type (technical and economic);

- by the stage of manifestation (forecasting - at the stage of research and
development; design - at the stage of development work; production - at the stage of
product manufacturing; operational - at the stage of application; disposal - at the stage
of product liquidation);

- by the form of provision (absolute, specific, relative, comparative,
structural);

- by the form of expression (in physical or economic units or without using a
system of units);

- by the assessment system (planned indicators - for the future; basic
indicators - established in interstate or state standards of Ukraine; actual indicators;
maximum possible indicators - for each specific type of substance, materials,
products, and articles);

- by value (primary and secondary);
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- by number (single - temporary; complex - group; integral - general).

Resource saving indicators help to assess the results of activities in this area.
Direct results include those defined by internal goals, such as increased profits,
reduced use of primary natural resources, reduced consumption of material resources,
improved efficiency of the enterprise, etc. However, there are also indirect results
(e.g., improvement of living conditions, environmental situation, landscape
preservation, etc.) that cannot be assessed from an economic point of view.

The most convenient for standardisation, forecasting, comparative assessment
and analysis are specific resource saving indicators, as they have a certain capacity,
information content and can characterise the interdependence of heterogeneous
parameters. The formulas for calculating specific resource saving indicators are
determined by the product developer and, if necessary, used by qualified specialists
from specialised organisations.

The carried out analysis of the theoretical foundations of formation of
indicators of resource saving has shown that at the moment there is no single unified
indicator of assessment of efficiency of resource saving at an enterprise.

A generalised indicator can be called the resource intensity of production p
(4.1.1), which reflects the ratio of performance results to the costs of the enterprise

that were spent to obtain maximum income [1].

B IIC+ 0B+ ®B + BK + IB
lI,ZI+IOﬂ+,ZIK+I¢,ZI+I,Z]+H,ZZ'

4.1.1)

where, P - resource intensity of the enterprise;
IIC - the total cost of goods sold;
I0B - other operating expenses;
@B - financial expenses;
BK - losses from equity participation;
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IB - other expenses;
g7 - income from sales (goods, works, services);
107 - other operating income;
JIK - income from equity participation;
1@ - other financial income;
17 - other income;

HJ - extraordinary income (ukr)

The growth of resource saving opportunities is due to the transition to an
intensive resource-saving type of economic development, reduction of material
intensity of products, increase in labour productivity, improvement of technical and
economic indicators and product quality. In particular, the modern development of
technologies in the field of resource conservation can provide a production level that
will allow to: reduce the specific consumption of raw materials and waste per unit of
production; ensure the creation of a recycling system for secondary resources; reduce
the extraction and use of primary raw materials; reduce the impact and minimise
economic damage to the environment [2].

The main aspects of resource saving management at the enterprise in the
context of climate change:

1. Energy efficiency: Implementation of energy-efficient technologies and
practices, such as the use of renewable energy sources, modernisation of equipment,
automation of production processes, and insulation of buildings to reduce heating and
air conditioning costs.

2. Water resources management: Optimisation of water use,
implementation of water reuse and purification technologies, reduction of water
consumption in production processes.

3. Waste reduction: Establishing a waste management system that reduces

the amount of waste generated, reuses or recycles it. For example, implementing
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circular economy principles, where waste from one process becomes a resource for
another.

4. Management of greenhouse gas emissions: Implementation of measures
to reduce CO, and other greenhouse gas emissions, such as switching to clean energy
sources, improving resource efficiency, and introducing new technologies.

5. Monitoring and reporting systems: Implementation of modern systems
for monitoring resource use and emissions that allow the company to respond
promptly to deviations from targets, as well as ensure transparency and accountability
of the company's activities to stakeholders.

6.  Staff education and training: It is important to provide employees with
training on resource conservation, energy efficiency and sustainability. This will
allow them to realise the importance of their actions and make suggestions for
improving the efficiency of the enterprise.

7. Cooperation with suppliers and customers: It is important to build
partnerships with suppliers and customers to work together to reduce resource
consumption and environmental impact.

8. Innovative technologies and digitalisation.

9. The introduction of innovative technologies and digital solutions can
significantly improve the efficiency of resource management. For example, the use of
the Internet of Things (1oT) to monitor energy consumption in real time can help
identify and quickly eliminate inefficiencies. Big Data analysis helps to predict
resource requirements and optimise production processes.

10.  Green certification and standards

11. Obtaining environmental certifications, such as [1SO 14001
(environmental management system) and LEED (green building standards), can not
only enhance a company's reputation but also provide access to new markets and
customers who prefer environmentally responsible partners.

12.  Adaptation to climate change: Businesses should develop strategies to

adapt to climate change, taking into account risks such as sea level rise, extreme
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weather, and changing water resources. This may include redesigning production
processes, strengthening infrastructure and changing suppliers.

13.  Corporate social responsibility (CSR): The integration of CSR principles
into the management of a business allows for the consideration of social and
environmental aspects in business decision-making. This may include supporting
local communities, participating in environmental protection programmes, and
implementing social initiatives for employees and local residents.

14.  Financial incentives and investments: Attracting investment in resource
efficiency and climate adaptation projects can be supported by government
programmes and international funds. For example, businesses can access green
finance, which is provided for projects that reduce environmental impact.

15.  Product life cycle assessment: Product Life Cycle Assessment (LCA)
allows a business to understand the environmental impact of its products and services
at all stages, from extraction of raw materials to disposal. It helps to identify key
points for improving environmental performance and reducing resource consumption.

16. Cooperation with other companies and organisations: Cooperation with
other companies, as well as participation in industry initiatives, can help an enterprise
to share experiences and implement new practices. It also contributes to the
development of joint projects aimed at resource conservation and environmental
protection.

It is the resource efficiency strategy that interconnects, coordinates and directs
actions between the innovative and environmental activities of an enterprise,
resource-saving programmes and measures that take place at that enterprise and
between existing legislative and regulatory documents.

The following innovation-oriented areas are the basis for the nature-based
organisation of production activities when implementing a resource conservation
strategy:

- Minimising the extraction of primary natural resources, with a focus on non-

renewable and limited resources;
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- development and implementation of processes for the integrated processing
of natural raw materials without generating waste (minimising waste generation at all
stages of production);

- processing all types of production and consumption waste to produce
secondary raw materials and marketable products;

- creating new types of products with a view to their possible reuse or
environmentally friendly assimilation;

- use of closed industrial energy and water supply systems;

commercial approach to waste disposal;

creation of regional zero-waste technology parks and technopolises;

creating a regional market for recycled materials and supplies;

a cluster approach to the development of industries, including those focused
on the recycling of materials [3].

Reducing material intensity, including material costs, can be achieved through
the introduction of advanced scientific and technological advances.

In other words, a resource conservation strategy is a strategy aimed at
significantly increasing the utilisation rate of raw materials and maximising the
efficiency of all technological processes. Accordingly, an effective resource
conservation strategy includes the following subordinate strategic directions:

- circularity, i.e. minimising waste and reducing the man-made impact on the
environment through a closed loop of raw materials, secondary resources and waste;

- co-operation, i.e. a coordinated reduction of the negative impact on the
environment by a set of enterprises that co-operate with each other to jointly solve
environmental problems, save resources and minimise waste [4].

The resource conservation strategy determines the feasibility of a particular
area of resource expenditure, guides the company's management to increase the
number of implemented resource-saving measures and technologies, develop
methods of analysis, forecasting, and stimulating the rational use of resources, which

in turn will allow the company to effectively use all available reserves.
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The introduction and implementation of new resource-saving strategies by
industrial enterprises will be facilitated:

- efficient economic, technological and environmental performance of the
enterprise and overall systemic improvement of its operations;

- creating conditions for reducing waste generation and enhancing the rational
use of all types of resources at the enterprise;

- improving organisational and economic measures to create an environmental
management system;

- organising a system of continuous environmental monitoring of enterprises;

- certification and licensing of domestic enterprises in accordance with
international environmental standards;

- creating modern systems for managing natural resources and the
environment.

It is necessary to achieve maximum satisfaction of the needs of society with the
minimum amount of production resources, which requires strengthening the economy
regime at all stages of the production cycle, at all levels of the market economic
system. That is why, in the context of constant competition, an enterprise cannot exist
without rational use of the existing production apparatus, timely modernisation and
replacement of labour tools, improved use of financial, material, labour and other
resources, improvement of product quality, introduction of innovations, etc.

Since management of resource-saving activities is an integral part of the
overall management of an enterprise, the application by domestic enterprises of
effective measures and timely management decisions on resource saving and
reduction of resource intensity of production will help in solving existing problems.

The main content of management activities in the context of resource saving at
an enterprise is the direct implementation of resource saving management methods,
namely, methods of management of functional systems, methods of performing
management functions, mathematical methods, methods of statistics, expert methods,

etc. The analysis of modern theoretical and methodological works in the field of
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resource saving has shown that at this stage there is no single method for managing
such activities at industrial enterprises. Therefore, the correct application of the
chosen method or several of them, their optimal combination and ratio will help in
the effective management of resource saving at the enterprise. In addition, the correct
choice and implementation of management decisions also depend on the chosen
general scientific approach to management, namely: functional approach; parametric
approach; target approach; process approach; system approach.

In general, each of these approaches includes a group of methods that are used
(Fig. 4.1.3).
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Figure 4.1.3 - Systematisation of resource saving methods and results depending on
the management approach (ukr)

Since the process of resource saving is a complex phenomenon that penetrates
into all areas of the enterprise's activity, we believe that the essence of resource
saving management should be considered from the point of view of the system
approach.

The process of forming a resource saving system at an enterprise

involves several stages:
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1)  Awareness of the need to save resources at the enterprise;

2) planning and organisation;

3)  collecting and analysing data on technological processes and equipment,
identifying priority indicators for data evaluation, recruiting qualified personnel, and
developing possible alternatives;

4)  analysis of the possibilities of implementing the proposed resource
saving options;

5) Implementation of resource saving measures;

6)  assessing the effectiveness of resource saving measures.

It should be noted that the proposed approach to the formation of a system for
ensuring resource conservation at the enterprise and its management is based on the
principle of functional completeness of the system, i.e., the system of resource
conservation management at the enterprise is part of the overall enterprise
management system, which includes: organisational structure; planning activities;
duties and responsibilities; procedures, processes, resources for the formation,
implementation, achievement, analysis, actualisation and optimisation of the policy
of resource conservation implementation.

On the basis of the sequence of processes that determine the procedure for
resource saving at an enterprise, the following algorithm for the formation and

functioning of the resource saving management system is proposed (Fig. 4.1.4).
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Figure 4.1.4 - Scheme of the algorithm of formation and functioning of the
resource saving management system at the enterprise (ukr)

It should be noted that the first stage (Stage 1) includes orientation of the
enterprise towards fulfilment of the requirements set forth by the current legislative
framework of Ukraine on environmental management, resource conservation and
production waste management. Finding out the reasons for the high material intensity
of production should be considered as a mandatory component of the material
production management process. The results of accounting and analysis of key
resource saving indicators, such as material intensity, resource consumption, resource
efficiency, energy intensity and recyclability, will provide the information basis for
making informed management decisions. We should also not forget about waste
management and the possibility of using it in the production process as secondary
resources, which, in turn, will allow us to competently organise the process of
reducing production costs.

At the second, analytical and advisory stage (Stage I1), the project documents
on resource saving are analysed. Taking into account the identified areas, an
appropriate resource saving strategy is developed at the enterprise, and a resource
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saving management policy is determined, the purpose of which is to reduce the
resource intensity of production.

At the stage of managerial decision-making on technological implementations
(Stage I11), managerial decisions are made on the implementation of resource saving
measures at the enterprise.

At the fourth and final stage (Stage V), the experience gained in the previous
stages is systematised and accumulated, the effectiveness of the resource efficiency
management system is assessed, and corrective decisions are developed and made.

Thus, the process of managing resource saving at an enterprise is characterised
by the functions of general management, this process is independent, but at the same
time is a subsystem of the general management of the enterprise. Taking into account
the peculiarities of resource saving management and using the monitoring function, it
is possible to analyse and control the indicators of resource saving at an enterprise, in
particular, resource intensity, and, based on these indicators, make informed
decisions on the management of resource saving activities.

Managing resource conservation at an enterprise in the context of climate
change is a complex but necessary task. Implementation of a systematic approach to
resource conservation helps to increase the competitiveness of the enterprise, reduce

the risks associated with climate change, and promote sustainable development.
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pimennssMm HA3SBO, narta Bunadi ceprudikara
14.12.2023

AxpeanTtoBaHo Ha mepion — 3 14 rpyans 2023 mno
01 mumas 2029 poxy

Huxn/piBeHB HPK Vkpaiam — 7 pienp, FQ-EHEA — npyruii muk,
EQF-LLL — 7 piBens

IlepenymoBu 1.HasBuicte OC  «bakamaBp» 31  cHOpiAHEHO]
CIELiaIbHOCTI
2.HasBricth OC  «bakamaBp» 31  HECHOpiJTHEHO]

cremianbHOCTI (31 CKITaJaHHSAM JOJAaTKOBOTO BCTYITHOTO
BUIIPOOOBYBAHHS)

MoBa(1) BUKJIaJaHHS

'YkpaiHCchKa

TepmiH mii OCBITHBOT
pOrpaMu

mo 2029 poky

IaTepreT-anpeca
MOCTIHHOTO
PO3MIIIEHHS OTTUCY
OCBITHBOI ITPOTPaMHU

https://www.khadi.kharkov.ua/education/katalog-

osvitnikh-program/101-ekologija/

2 — MeTa 0CBiTHBOI IPOrpamMu

MeToro porpaMu € IMiATOTOBKAa BUCOKOKBaNi(hikoBaHUX i podeciifHuX eKoJIoriB,
3IATHUX BHPIIIYBAaTH HAayKOBO-NIpodeciiiHi 3a1adi Ta MUTAHHS MIOJ0 3MCHIICHHS
[PIBHSI @HTPOIIOTEHHOT'O BIUIMBY Ha IPHPOJHE CEPEelOBHUILE, PO3pOOKH eheKTHBHUX
NPUPOIOOXOPOHHHX 3aXO0/iB, PO3B’sI3aHHS NPAKTHYHUX 3aBJaHb y Taly3i eKOJIOTi]
Ta OXOPOHM HABKOJMIIHBOTO CEPElOBHUINA, a TAKOX MiATOTOBKa 3/00yBadviB 3
0COOIMBHM IHTEPECOM [0 €KOJIOrO-IIeAaroriqHol, IPUPOSOOXOPOHHOI Ta
[IPOCBITHUIIBKOT AisUIBHOCTI 1 10 HOAANBIIOI0 HAaBYaHHSL.
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3 — XapakrepucTiuka oCBiTHLOI IporpamMmu

[IpenmeTHa 0061aCTh
(ramy3s 3HaHb,
CIIEIIATbHICTB )

10 [IpupoxHudi HAYKH

101 Exomnoris

06 ’ckm: CTPyKTypa Ta (YHKIIOHAJIbHI KOMIIOHCHTH
EKOCHCTEM pizHOTO piBHA Ta MIOXOJIKCHHS
AHTPOIIOTCHHUI BIUIMB Ha MOBKULIS Ta ONTHUMI3allis
MPUPOJOKOPUCTYBAHHS.

[[inb nasuanns: GopMyBaHHS y 3100yBadiB BUIIOI OCBITH
KOMITJICKCY 3HaHb, YMiHb Ta HABUYOK JIJIS 34CTOCYBaHHS B
npodeciiiHiil  TisTBHOCTI y cdepi eKoJorii, OXOpPOHH
TOBKLJIJISL T2 30J1aHCOBAHOTO IIPHPOIOKOPUCTYBAHHSI.
Teopemuunuii 3micm npeomemnoi obdracmi. TIOHATTS
KOHIICIII{, NPUHIUIH TNPHUPOJHHYNX HAYK, Cy4acHO]
exojorii Ta IX  BHUKOPHCTaHHS JUIA  OXOPOHH
HABKOJIMILTHBOTO cepeloBuILa, 30aJ1aHCOBAHOTQ
MIPUPOTOKOPUCTYBAHHS Ta CTAJIOTO PO3BUTKY.
\Memoou, memoouku ma mexnonozii. 3m00yBa4 Ma€
OBOJIOZITH  MeTonamMu  30upaHHS, OOpoOKM T4
IHTepIpeTalii pe3yJbTaTiB eKOJOTTIHUX JOCHTIIKCHb.
\lncmpymenmu ma 001a0HAHHSL: oOnagHaHHS,
YCTaTKyBaHHs Ta MpPOTpaMHE 3a0e3MeveHHs, HeoOXimHe
TSI HATYpHUX, Ja00paTOpHUX Ta AWCTaHIIHUX
MOCiPKeHh OYIOBHM Ta BIIACTUBOCTEH EKOJIOTIUHHX|
CHCTEM Pi3HOTO PiBHsI Ta MOXOKCHHSI.

OpieHTAaIis OCBITHBOI
nporpamu

OcBiTHBO- MpodeciiiHa nporpama «ExonorigHa Oe3mekay
MPOTIOHYE KOMIUIEKCHUH MiAX1J 10 BUPIICHHS Cy4YacHUX
€KOJIOTIYHUX MPOOJIeM Ha JOKaJbHOMY, PEriOHaJbHOMY|
Ta HaiOHAJBHOMY piBHAX. JWMCIUIUIIHA Ta pO3AiIH
[porpaMy 3aCHOBaHI HA TEOPETUYHMX 3HAHHSAX, SKI TICHO
MOB’si3aHI 3 INpPakTMYHUMM HaBHYKamMu. [Iporpama
mo3Boise 3700yBadaM HAaOyTH HEOOXiTHMX HABHYOK B
ramy3i eKoJorii, OXOPOHM HaBKOJIMIIHBOTO CEpPeIOBHUINA
Ta eKOJIOTI4HOI Oe3MeKu.

OcHoBHUH okyc
OCBITHBOI IPOTPaMH Ta
crenianmiszanii

AKIIEHT pOOHTHCS Ha 3400yTTI HABHYOK Ta 3HAHB IIOJQ
3a0e3IeYeHHs! HaJIe)KHOTO PIBHS €KOJIOTIUHOI Oe3neKu Ha
BCiX pIiBHAX, IO Tependadae 37aTHICTH 3abe3mnedyBaTH
YIpaBIiHHSA TIPUPOJOOXOPOHHOIO JisSUTBHICTIO, BU3HAUECHY|
3afHATICTE Ta MOMXIIMBICTE IONAJBINOI OCBITH TAa
Kap’ €pPHOTO 3pOCTaHH.
[lepenbaueHo mornmOICHI 3HAHHA B Taldy3i OXOpPOHH
HABKOJIMIITHBOTO  CEpelOBUINAa Ta  3a0e3McucHHs
eKOJIOTYHOi Oe3NeKn Ha aBTOMOOUIBHOMY TPaHCHOPTI W
TPAHCIIOPTHIN 1HPPACTPYKTYpi, a TaKOXK 3amoOiraHHs

amanTanii Ta MiHiMi3aIlil HaCNiAKIB 3MiHHU KJIIMATy.
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KirodoBi cioBa: 0XOpoHa JTOBKIILIA, eKOJIOTigHa Oe3mexa
aBTOMOOUIBHUI TPaHCHOPT, TPaHCIOPTHA
iHGpaCTPYKTypa, 3MiHA KJIIMaTy, aJamTaIfis Ta
MiHIMI3aLis

OcobauBocCTI
IIporpaMu

1. 3abe3neuyeThcss €EKTUBHE TMOETHAHHS TEOPETUIHUX
3HaHb Ta MPAaKTHYHUX HABUYOK [UII MiATOTOBKH
BHUCOKOKBai(ikoBaHOTO  (haxiBisd 13  3a0e3ledcHHs
€KOJIOTiYHOI Oe3NeKH B yMOBaxX HENOBHOTH iH(popMarii
IJIXOM BUKOPUCTaHHS PU3HK-OPIEHTOBAHOTO ITIAXOLY.
2. IIporpama po3BHBa€ MOXIHMBOCTI Ta IEPCIEKTHBH
[10JI0 NPAaKTUYHOTO OMNaHyBaHHS HAaBUYOK BiJHOCHO
3aro0iradHs, afanTailii Ta MiHIMIi3amil HACIIAKIB 3MiHH
KJIiMaTy, [0 BUHHUKAIOTh BHACTINOK (DYHKIIOHYBaHHS
TPaHCIIOPTHOTO, E€HEPreTHYHOr0 Ta  IPOMHCIIOBOTO
KOMITJIEKCIB, 3 ypaXyBaHHSIM MDKHapOIHOTO
CiBpOOITHHUIITBA.

ITonmanpiiie HaBYaHHS

MOXIHMBICTh HaBYaHHS 32 MPOTPaMOI0 TPETHOTO PiBHS
BHUIIIOT OCBITH (HOKTOP (hisocodii) Ta MPOTATOM KHUTTS

4 — IlpupaTHicTh BUIYCKHHUKIB 10 MPALEBJIAMITYBAHHS TA MOJAJbIIOT0

HAaBYaHHSA

[punartHicTs 10
MpaIeBIAIITYBAHHS

2211.2 Exonor

2211.2 Excriept 3 exonorii

2213.2 daxiBelpb 3 €KOJIOTIYHOI OCBITH

1494 Menemxep (yrnpaBUTENb) €KOJOTIYHAX CHCTEM
2149.2 HaykoBuii cliBpoOiTHUK (Tany3b iH)KEHEPHOT
CIIpaBH)

2310.2 Buxnazad yHIBEpCUTETIB Ta BUIIUX HABYAIIBHUX
3aKJaIiB

Iloganpiie HaBYaHHS

MO>XJIMBICTD HaBYaHHS 332 MPOTPAMOI0 TPETHOTO PiBHA
BHUINIOT OCBITH (TOKTOP (higocodii) Ta MPOTATOM KUTTS

5 — BukJjagaHHs TA OMiHIOBAHHSA

Buknaganus ta
HaBYaHHS

Hapuanust 3a OIIIl mnpoBamKyeTbcs y KOHTEKCTI
CTYJICHTOLICHTPOBAHOCTI, po0JIEMHO-OPiIEHTOBAHOTO
HaByaHHS 4epe3 e(EeKTUBHE IIO€AHAHHS HaBYAJIbHUX
3aHTh, CAMOCTIHHOI pOOOTH, MPAaKTHYHOI MiTOTOBKH T4
KOHTPOJIBHUX 3aXOMiB 3 OJHOYACHIM CTBOPEHHSM YMOB
UIst 1HIIIaTHBHOTO CAMOHABYAHHSL.

O1iHOBaHHS

OuintoBanHs 3100yBauiBs  OIIIl BinOyBaeTbest 3rifHO
BHyTpimmHiIX [lomoxkenr XHAJIY 1mono opranizaiii
OCBITHBOTO IIPOIIECY Ta KOHTPOJIO SKOCTI IiITOTOBKH
(haxiBIiB y BIATIOBITHOCTI JO BHUMOT CTaHIApTy BHIIO]
ocBiTl 101 «Exkomoris» mns apyroro (MarictepcbKoro
piBHS BHIIOi OocBiTH 32 100-0aJpHOIO IIKAIOI0, IIKAJIOK0
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€KTC Ta HalliOHANBHOO IIKAJOK.

[ToTouHE OLIHIOBaHHS NMPOBOANTHCS Y (OpMi ceMiHapiB
MPAKTUYHUX POOIT, IPOMIXKHOTO TECTYBaHHSI.
[lincyMKOBe OIIIHIOBaHHSA MPOBOAUTHCT Y  (opmi
MMMCHMOBOTO/YCHOTO €K3aMeHy a0o 3ajliky, KypCOBO]
poboTH.

6 — IIporpamHi KoMneTeHTHOCTI

InTerpansua
KOMIIETEHTHICTb

KI. 3naTHicTs po3B’I3yBaTH CKIAIHI 33aa4i 1 MPOOIEeMH Y
cepi eKoJIoTii, OXOPOHH JOBKLUISA Ta 30alaHCOBAHOT(
MIPUPOJOKOPUCTYBAHHS TIPH 3[ifiCHEHHI TpodeciiHo]
misutbHOCTI 200 y Tporeci HaBYaHHS, MO Iependadae
[POBENCHHS JIOCHIPKEeHb Ta/ab0 3MiCHEHHs 1HHOBAIII,
Ta XapaKTePU3YIOThCS KOMIUIEKCHICTIO 1 HEBU3HAYECHICTIO
YMOB Ta BHMOT.

3aranbHi
komneTeHTHocTi (3K)

3KO01. 3naTHicTh BUMTHCS 1 OBOJIOAIBATH CYyYaCHHMH
3HaHHSIMHU.

3K02. 3natHicTh npuiiMaTi 0OTIPYHTOBAHI PilLICHHS.
3K03. 3natHicTh reHepyBaTH HOBI i€l (KpeaTUBHICTD).
3K04. 3gaTHicTh pO3pO0IATH Ta YIIPABISATH IPOSKTAMH.
3K05. 31aTHICTB CHIJIKYBATHCS IHO3EMHOIO MOBOIO.
3K06. 3maTHiCTh 10 MOIIYKY, OOPOOJICHHS Ta aHAaNi3y
iHpopMalil 3 pi3HUX JpKEpel.

3K07. 3maTHiCTF MOTHBYBATH JIFOACH Ta PyXaTHCh 10
CIUIEHOI METH.

®daxosi
KOMIIETEHTHOCTI
crieriasibHOCTI (DK)

®OKO01. OOCi3HaHicTp Ha PIBHI HOBITHIX JOCSATHEHb
HEOOXIAHMX IS NOCHIAHWUIBKOI Ta/ab0 1HHOBAIIWHOI]
misutbHOCTI 'y cdepi exosorii, OXOpPOHHM HOBKLLIA Ta
30aJ1aHCOBAHOT'O IIPUPOIOKOPUCTYBaHHS.

®KO02. 3pmaTHICTH 3aCTOCOBYBaTH MDKIMCIUILTIHAPH]
MiAXOOWM TPH KPUTHUYHOMY OCMHCIICHHI EKOJOTIYHUX
poOIeM.

DKO03. 3naTHicTh 10 BUKOPUCTAHHS NPUHIUIIIB, METOIB
Ta OpraHi3alifHUX MpPOIeNyp IOCHITHHUIBKOI Ta/abo
IHHOBALIMHOT isUIBHOCTI.

®KO04. 3maTHICTH 3aCTOCOBYBaTM HOBI MiAXoaud g
aHaITi3y Ta MPOTHO3YBAHHS CKJIATHHUX SBHUIL, KPUTHIHOTQ
OCMUCIICHHS TIPO0IIeM y TIpodeciiHil isTBHOCTI.

DKO05. 3parHicTh JOBOAWTH 3HAHHS Ta BIACHI BUCHOBKH
Mo (haxiBIliB Ta HedaxiBIIiB.

DKO06. 3maTHICTP YNPaBISATH CTPATETiYHUM PO3BHTKOM
KOMaHIH B IIPOIECi 3ificHeHHs podeciiiHOl MisTBHOCT]
y cepi exosorii, OXOpOHH JOBKULIS Ta 30aIaHCOBAHOT(
[IPUPOTOKOPUCTYBAHHSL.

®KO07. 3nmatHiCTh OO0 oprasizamii poOiT, MOB’sS3aHUX 3
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OIIIHKOIO EKOJIOTIYHOTO CTaHy, 3aXHCTOM IOBKUDISA T4
ONTHMI3alli€l0  NPUPOJOKOPUCTYBAaHHS, B  YMOBax
HernoBHOI iH(opMallii Ta cyrnepewInBIUX BUMOT.
DKO08. 3marHicT OO C€aMOOCBITH Ta IIiABHUIIEHHSA
kBani¢ikanii Ha OCHOBI IHHOBaUIHHMX MiAXOAIB y cdepi
€KOJIOTii, OXOpPOHM JOBKULISI Ta 30aJaHCOBAaHOT(
MPUPOJIOKOPUCTYBAHHS.
DK09. 3parHicTh CaMOCTIHHO PO3POOIATH EKOJOTIuHI
[POEKTH IIUIIXOM TBOPYOTO 3aCTOCYBaHHS iCHYIOUHX Tal
TeHepyBaHHS HOBUX i/1eii.
@®K10. 3paTHICT OIIHIOBaTH piBEHb HETaTUBHOIO
BIUIUBY TIPHPOJHMX Ta aHTPOIOTEHHUX (hakTopiB
eKOJIOTYHOT HeOe3MeKH Ha JOBKUII Ta JIFOANHY.
@®K11. 3marHICTE NPOBaIKYBAaTH MisTIBHICTH IIOIQ
3a0e3NeYeHHs] EKOJIONIYHO 30aJlaHCOBAaHOTO PO3BHTKY|
ABTOMOOITFHOTO  TPAHCIOPTY  Ta  TPAHCIOPTHO]
iHpPaCTPYKTypH.
@®K12. 3patHicTe pO3poOIATH Ta  peaynizoByBaTH
KOMILJICKC POOIT 13 3am00iraHHs, afanTaliii Ta MiHiMi3arii
HaCJIiIKIB 3MiHM KJIIMaTYy.

7 — IIporpamHi pe3yJbTaTH HABYAHHSA
I[MPHOI. 3natu Ta po3ymiTH (yHAaMEHTaIBHI 1 MPUKIAAHI ACIEKTH HAayK IIPO
TOBKIJIISAL.
[MPHO2. YMiTH BHKOPHUCTOBYBATH KOHIIENITYaJbHI €KOJIOTIYHI 3aKOHOMIPHOCTI Y|
npodeciiiHii AisUTBHOCTI.
IMPHO3. 3natu H©Ha piBHI HOBITHIX JIOCATHEHb OCHOBHI  KOHIICMIIii
MPUPOIO3HABCTBA, CTAJIOTO PO3BUTKY 1 METOJI0JIOTIi HAYKOBOTO ITi3HAHHSI.
[IPHO4. 3HaTH TpaBOBI Ta €THYHI HOPMH AJS OIHKH TpodeciiiHOI MisIBHOCTI,
[pO3pOOKHM Ta pearnizamii COIiaIbHO-3HAYYIINX EKOJIOTIYHUX IPOEKTIB B yMOBAX
CYTICpETIMBAX BUMOT.
I[TPHOS. JleMOoHCTpyBaTH 3[aTHICTH O OpraHi3aiii KOJEKTHBHOI IIsUTBHOCTI Ta
peaizarii KOMIUIEKCHHX MPHPOJI0OXOPOHHUX MPOEKTIB 3 ypaxyBaHHSIM HasBHUX
[PECYpCiB Ta 4aCOBHX OOMEXKEHb.
IMPHO6. 3HaTu HOBITHI METOAM Ta IHCTPYMEHTaJbHI 3acO0M EKOJOTi9HHX
OCHi/DKEHb, Yy TOMY YHCIi METOAM Ta 3aco0M  MaTreMaTU4HOro i
reoin(opMaIiitHOro MOJIeTFOBaHHSI.
ITPHO7. YMmiTH CHijKyBaTHCs 1HO36MHOIO MOBOIO B HAyKOBii, BUPOOHHUIN Ta
COLlIaTbHO-CYCITIIBHIN cpepax MisITBHOCTI.
[MTPHOS8. YMiTu HOHOCUTH 3pO3yMUJIO i HEIBO3HAYHO NpOQeciiiHi 3HaHHS, BIACHI
0OIPYHTYBaHHS 1 BUCHOBKH 10 (axiBIIiB i IIMPOKOTO 3araiy.
I[MPHO9. 3HaTé OpPUHIMIIN YTPABIiHHA IIEPCOHAIOM Ta pecypcamMH, OCHOBHI
MiAXOAHM IO MPUHHATTS PIlIeHh B YMOBaX HEMOBHOI/HEIOCTaTHHOI iH(opMarii Ta
CYHEpEwIMBUX BUMOT.
IMPH10. JlemoHCTpyBaTH OOI3HAHICTH IIOAO HOBITHIX NPHHIMUIIB Ta METOMIB
3aXHCTy HABKOJIMIIHBOTO CEPE/IOBHIIA.
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MPHI11. YMiTH BUKOPHCTOBYBAaTH Cyd4acHi iH(OpPMAILiiiHi pecypcH 3 IHUTaHb
€KOJIOTi1, IPUPOJIOKOPUCTYBAHHS Ta 3aXUCTY JOBKILIS.

[MPH12. VYwmitu ouiHioBatn naHgmadrHe i OlosoriyHe pi3HOMAHITTS Ta
QHaJIi3yBaTH HACHIAKA aHTPOIIOTEHHOTO BIUIMBY Ha IIPUPOIHI CEPEIOBHUIIIA.
MMPHI13. YMiTH OIiHIOBaTH NOTCHIIHHWN BIUIMB TEXHOTCHHHUX OO0 €KTIB Ta
TOCIOAAPCHKOT MisUTBHOCTI Ha JOBKIJLIS.

[MTPH14. 3actocoByBaTH HOBI MiAXOAW Ul BUPOOJIEHHS cTpaTerii MpUHHATTS
piIIeHb y CKIaTHAX HerependauyBaHnX YMOBaX.

[MTPH15. OuiHtoBaTH €KOJIOTIYHI PU3HUKH 32 YMOB HEI0CTaTHBOI iH(popMmalii Ta
CYHEPEWINBUX BHMOT.

[MPH16. BuOupatn onTHMaibHy CTparTeriro  rocrojaproBaHHs  Ta/abo
MIPUPOAOKOPHCTYBAHHS B 3QJISKHOCTI BiJl €KOIOTIYHUX YMOB.

IMPH17. KpuTHYHO OCMUCIIOBATH TEOPii, MPUHITUIIA, METOIM i TIOHATTS 3 Pi3HUX
[IPEAMETHHUX raly3ed Uil BUPILIEHHS IPAKTHYHUX 3aJ1a4 1 Ipo0iIeM eKoJIorii.
ITPH18. YMmiTH BHKOpHUCTOBYBAaTH Cy4acHI METOIM OOpOOKH i iHTepmpeTartii
iH(hopMaIlii mpu NMpoBeIcHH] IHHOBAIIHOT TisTTLHOCTI.

ITPH19. YMiTH caMOCTiIHHO IUIAaHYBaTH BHKOHAHHS IHHOBAI[IfHOTO 3aBIaHHS Ta
(hOpMyYITIOBaTH BUCHOBKH 32 HOTO pe3yJIbTaTaMHu.

ITPH20. BosomiThi OCHOBaMH  €KOJOTO-iH)KEHEPHOTO  TMPOEKTYBaHHS  Ta
CKOJIOTOSKCIIEPTHO OI[IHKY BIIJINBY Ha JOBKIJIIA.

IMTPH21. 3acTocoByBaTH iHHOBaLilfHI Ta TPAKTHYHI HiIXOAW Ui 3a0e3nedeHHs
EKOJIOTIYHO  30aJaHCOBAHOTO PO3BHTKY aBTOMOOUTBHOTO TPAaHCHOPTY T4
TPaHCIIOPTHOI IHQPACTPYKTYPH.

[TPH22. YMmiti po3po0msTH Ta peanizoByBaTH KOMIUIEKC pOOIT i3 3amobiraHHs,
ajanTarii Ta MiHIMi3aIlil HaCiIKiB 3MiHH KJIIMATy.

8 — PecypcHe 3a0e3neueHHs peaJizauii nporpamMu
Kanposge 3a6e3neuennsa|100 % HayKoBO-TIeIaroTiYHAX MPAIiBHAUKIB 3aiTHIX 10
BUKJIAJaHHS POdeciHO-OpiEHTOBAHUX JHUCLMIUIIH 31
cnenianbHocTi 101 «EKonoris» MaroTh HAyKOBi CTyHEHI
Ta BUCHI 3BaHHSI.
MarepianpHo-TexHiuHe|OOMaqHAHHS Ta YCTaTKyBaHHA , HEOOXigHE s
3a0e3neYeHHs 1abopaTOPHMX 1 MOJBOBUX JOCHIPKEHb, TEXHIYHI 3ac00H
HaByaHHS  (MYJBTHMENINHHI  NPOEKTOPH, HOYTOYKH
MPUHTEPH, CKaHepu) i (OPMYBAaHHS MPEAMETHUX
KOMIICTCHTHOCTEH B TMpolleci HaBYaHHA 3100yBada |
HEOOXiJJHNX B OCBITHHOMY IIPOLECi, BUKOpHCTaHHs 0aj3
[UTsl IPOBEJICHHsI HABYATIbHUX 1 BUPOOHHUYUX MPAKTHK B
IHIIMX ~ HAYKOBUX, [JCPKaBHUX Ta  KOMEpIIHHUX
ycTaHOBaX (3a JIOrOBOpaMH MPO  CHIBIpaI). €
HaBYaJbHI ayJuTOpii, Taboparopii, KOMIT FOTepHI Kiacu
YPTOXXHTOK, TIYHKTH Xap4yyBaHHS, TOUYKH OE3pOTOBOrQ
nocTymy 10 [HTepHeT, cropT3anu TOLIo.
HapuanbHO-MeTOIMYHE 3a0e3MeueHHs 1 KOHCYJIbTYBaHHS]
10 CaMOCTIHHOT pOOOTH 3/IHCHIOETHCS Yepes3

Combining science, education, and production as a way to form an effective mechanism for
preventing climate change



147

BUKOPUCTAHHA  MiJPYYHUKIB,  KOHCIIEKTIB  JICKITii,
METOJUYHUX  BKa3iBOK, a TakKOX  BIPTyaJbHOTQ
HaBYAILHOTO cepeloBHima Ha tiaTdopmi  Moodle
(https://dl.khadi.kharkov.ua/ T4
https://d12022 khadi.kharkov.ua/ ).

[Hdopmariiine Ta
HaBYaJIbHO-METOJHYHE
3a0e3neueHHs

Od¢imitinuit  BeO-cadT:  https://www.khadi.kharkov.ua
MICTUTB iH(OpPMALiI0 IPO OCBITHI MPOTPamMH, HaBYAIbHY
HAYKOBY 1 BUXOBHY IisUTBHICTB, CTPYKTYPHI HiAPO3ILTH
MpaBUia NPUHOMY, KOHTAaKTH. Martepiald HaBYaJIbHOA
METOJUYHOTO  3a0e3MeUeHHs]  OCBITHBO-TIPOQECIiHHO]
[porpaMy BHUKJIAJEHI Ha Yy BIpTyalbHOMY HaBYaJbHOMY|
npocropy XHAJLY, me peami3yerbcs 3a TOTIOMOTOK)
HaB4yanmpHOTO caiity XHAJIY Ha muatdopmi Moodle

https://d12022.khadi.kharkov.ua T4

https://dl.khadi.kharkov.ua . YuTanpHi 3a1H yHIBEPCUTETY

3a0e3meyeHi  OE3IPOTOBMM  JOCTYIIOM JIO  MEpexi
[HTEpHeT.

Yci  pecypcn  6i0mioTekm  JOCTYHHI uepe3  cailT
yHiBepcutety: http://library.khadi.kharkov.ua .

Yuacths HaykoBoi Oi0mioreku XHA/IY y npoekti «€nnna
KapTKa yuTaya» 3abe3neuye cHCTEMY]
B3a€MOOOCITyrOBYyBaHHS y 010J1i0TeKaX 3aKIa/iB BHIIO]
ocBiTH MicTa XapKoBa

9 — AkaaeMiuHa MOOIJIBHICTD

HamionansHa
KpeauTHa MOOITbHICTh

[HMBiMyanbHa akajgeMigHa MOOITBHICTE peai3yeThes Y|
pamMKax MIXYHIBEpCHTETCHKHAX JIOTOBOPIB po
BCTAHOBJICHHS HAyKOBO-OCBITSIHCBKMX BIIHOCHH s
3a/10BOJICHHS IOTPeO PO3BUTKY OCBITH i HAYKH.

MixHapoHa KpeAUTHA,
MOOLITBHICTB

Ha ocHOBiI JBOCTOPOHHIX JOTOBOPiB Mik XapKiBCBKHM
HaIIOHAJIBHAM aBTOMOOUTFHO-OPOXKHIM YHIBEPCHTETOM
Ta YHIBEpCUTETaMH 3apyOiKHUX KpaiH-TIapTHEPIB.
Yuacts y [Iporpami Epasmyc+ KA1, KA2.

Pooora Kadenpu HHECKO «Exkosoriuao uywmcri
rrexHoJori» (409)

HaBuaHHs iHO3EMHMX
3100yBayiB BUILOL
OCBITH

Mo>xiIHBe 32 YMOBH BOJIOAIHHS YKPAiHCHKOIO MOBOIO.
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2. IEPEJIIK KOMIIOHEHTIB OCBITHBOI ITPOT'PAMHA
TA iX JJOT'TYHA NOCJJIOBHICTD
2.1 lepenik kommoHeHTiB OI1
KoMnoneHTH 0CBiTHBOI NporpamMun

. . h A ®opma
Ko (HaBYAJILHI TUCIMILTIHA, KypcoBi mpoekTn | KiiibkicTh i cpMK
A (podoTH), NnpakTUKH, KBaJdidikaniiina KpeauTiB ACYMEK.
poGora) KOHTPOJII0
1 2 3 4

O00B’A3K0Bi KOMIIOHEHT

"
OK'1 |[[Ho3emMHa MOBa 3 3aiK
OK 2 [[IuBinbHUit 3aXUCT 3 3aiiK
OK3  [['eoin¢opmaniiiHi CHCTEMH B €KOJIOTI] 3 eK3aMeH
4
6

OK 4 |[ExonoriyHuii MEHE)KMEHT 1 ayAUT eK3aMeH
OK 5 [TexHoJorii KJIIMATUIHOTO 1HXUHIPUHTY 3K,
eK3aMeH,
KypcoBa
poboTta
OK 6 [Pecypco- Ta eHepro3oepexeHHs 4 €K3aMEH,
KypcoBa
obota
OK 7 |CucreMHuii aHAMI3 IKOCTI HABKOJIIMIIHLEOTO |7 eK3aMeH,
CepeoBHIIA 3aiK,
KypcoBa
poboTta
OK 8 [[lepegnumiomMHa mpakTUKa 6 3aiiK
BuxonaHHS KBajidikamiiHOi poOOTH 30
3arajabHuii 00cAT 000B’A3KOBUX KOMIIOHEHTIB: 66
Bubipxosi komnonentn OII
B/l 1 [BubGipkoBa nucrurmiina 1 4 BaiK

BJ12 |BubipkoBa aucuuiutina 2 4 BaliK
BJI3 |BubipkoBa aucuuiutiHa 3 4 BaiK
B/l 4 |BubGipkoBa quciuriina 4 4 3ajik
4
4

BJI5 |BubipkoBa aucuuIutiHa 5 BaK

BJ1 6 |BubipkoBa qucuuruiiaa 6 BalK
3arajbHuii 06csAr BUOIPKOBMX KOMIIOHEHTIB: 24
3ATFAJIBHUH OBCST OCBITHBOI IPOT'PAMM [90

2.2 3aranbHOYHIBEPCUTETCHKHUI KaTaJIOT BHOIPKOBUX TUCIHUILIIH PO3MILIICHO
Ha oiniiiHOMY caiiTi yHIBEpCUTETY 3a IIOCHUIIAHHAM
https://www.khadi.kharkov.ua/education/katalog-vibirkovikh-disciplin/magistr/
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II cemectp

OK 3
T'eoinopmaniiini
CHCTEMH B €KOJIOTIT

OK 5
TexHoJoTi1
KJIIMaTHYHOTO
IHXUHIPUHTY
OK 6
Pecypco- Ta
eHepro30epeKeHHs
OK7
Cucremuuii ananisz
SIKOCTI
HABKOJIMIIHBOTO
cepeioBHILa
[r—c—- B_ 4_ - — i
L.t a4 ... =
[P = - i
: BL5
L.t . =
[r—r—— 6_ - — i
M B
R 2. . =

III cemecTp

OK 8
Ilepen-
JIUTIJIOMHA
MIpaKTHKa

Bukonanus
kBamiika-
LIHHOT
poboTu
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4. ©OPMA ATECTALI 3/JOBYBAUIB BUILIOi OCBITH

Arecramiss  3100yBauiB OIIIl  «Exomnoriuma  Oe3mexa» JIPYTOTro
(MaricTepchKoro) piBHA BHIIOI OCBITH, 3TiIHO CTaHAAPTY BHINOI OCBITH 3a
crnerianbHicTIO 101 «EKOMOTiSIY ISl APYroro MaricTepchbKoro piBHS BHUINOI OCBITH
BiOyBAa€ThCS Yy BHIUIAAL IyOJMIYHOTO 3aXHCTy KBawliQikamiiHOi poOOTi Ta
3aBEPIIYETHCS BU/IAUOI0 JIOKYMEHTIB BCTaHOBJIEHOTO 3pa3ka IIPO IPHCYKEHHS
CTyNEHs OCBITH MariCTp Ta NPUCBOEHHS 37100yToi kBamidikauii «Marictp 3
€KOJIOTi1».

3rigno CraHmapty, KBamidikarmiiiHa poOoTa TOBHHHA SBIATH Cc00OI0
caMOcCTilfHe PO3B’sI3aHHS KOMIUIEKCHOI mpoOnemMu y cdepi eKxosorii, oxopoHu
JOBKULIA Ta/abo 30amaHCOBAHOTO MPHUPOAOKOPHCTYBAHHS, IO CYMPOBOIKYETHCS
MPOBENEHHAM JOCHIKeHb Ta/abo 3acTOCYBaHHSIM IHHOBAIlIMHUX IiAXOMIB.
OcHOBHI pe3ynbratd KBamigikamiiiHoi poboTH MarTh OyTH anpoOoBaHi,
omyOnikoBaHi Ta mepeBipeHi Ha Iuariat. Ksamigikauilina poOora Mae OyTH
po3wminieHa y periozurapii XHA/Y.

[pornenypHi BUMOTM IIOAO NpOBeAcHHS arectamii 3mo0ysauie XHAJY
3aKpiIuieHo y JOKyMeHTi «[loyloKeHHsI Mpo OpraHi3alilo OCBITHBOIO INPOLECY B
XapkiBCbKOMY HAIiOHAIbHOMY aBTOMOO1TbHO-I0POKHBOMY YHIBEPCHTETI».
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5. MATPULA BIAITIOBIJHOCTI MTPOTPAMHUX
KOMIIETEHTHOCTEW KOMIIOHEHTAM OCBITHHOI ITIPOTPAMHU

v [o\] N - w K=} ~ -
g 3 8 &8 |& & |5 |8

KI + + + + +
3K01 + + +
3K02 + + + + + +
3K03 + + +
3K04 + + + +
3K05 +
3KO06 + + + +
3K07 + +
DKO1 + + + +
DKO02 + + +
®KO03 +
DK04 + + T
DKO05 + +
DKO06 + + +
DKO07 + + + +
DKO08 + + + +
DKO09 + + + +
DK10 + + + +
dK11 + +
®K12 + +
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6. MATPUILIS 3ABE3IIEYEHHS TPOTPAMHUX PE3YJIBTATIB
HABYAHHSI KOMIIOHEHTAMHJ OCBITHbOI ITIPOT'PAMHA

OK1
OK2
OK3
OK4
OK5
OK 6
OK7
OK8

PH 1

IIPH 2 +

ITPH 3

| ]+

I1PH 4

ITPH 5 + +

ITPH 6 +

ITPH 7 +

ITPH 8 +

IIPH 9 +

ITPH 10 + + +

ITPH 11 + + +

IIPH 12 +

ITPH 13 + +

ITPH 14 + +

ITPH 15 + +

ITPH 16 + +

IIPH 17 + +

ITPH 18 +

ITPH 19 + +

ITPH 20 +

IIPH 21 + +

ITPH 22 + +
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7. MATPULS BIAMMOBIAHOCTI ITPOTPAMHUX PE3YJIbTATIB HABYAHHS (ITPH) TA

KOMITIETEHTHOCTEM
clzlslglzlelelalcls el g2 5|28 selsclsn
“ 88| 5|8 |®|5| 8| 5|8|e|8 e |8 5|5 |s|eTETE"
TMPH 1 + + + + + + + + + + +
ITPH 2 + + + + + + + + + + + + + + +
IPH 3 + + + + + + + + + + +
ITPH 4 + + + + + + + + + + +
IPH 5 + + + + + + + +
ITPH 6 + + + + + + + + +
PH 7
ITPH 8 + + + + +
IPH 9 + + + + + + + +
ITPH 10 + + + + + + + + + + + + + + +
IPH 11 + + + + + + + + + + + + + +
ITPH 12 + + + + + + + + +
ITPH 13 + + + + + + + + + + +
ITPH 14 + + + + + + + + + + +
IPH 15 + + + + + + + + + + +
TIPH 16 + + + + + + + +
IPH 17 + + + + + + + + + + + + + + + +
IIPH 18 + + + + + + + +
ITPH 19 + + + + + + + + + + +
IIPH 20 + + + + + + + + + + +
ITPH 21 + + + + + + + + + + + + +
ITPH 22 + + + + + + + + + + + +
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CHAPTER 6
CLIMATE CHANGE AND BIOENERGY
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SECTION 6.1 AGRICULTURAL RESIDUES AS A
PROMISING SOURCE FOR BIOENERGY PRODUCTION

Mirko Barz,
Hochschule fiir Technik und Wirtschaft (HTW) Berlin, Germany

Biomass is the most important renewable energy source in use today.
Renewable Energies contribute approx. 15 % to the global primary energy
consumption and biomass remained steadily with share of 10% of the total primary
energy consumption since 2000 [1], during at the same time an increase of the total
primary energy consumption by approx. 30 % was registered. Considering the
climate change as one of the main driver for the development of RE technologies
advanced technologies to generate heat and power and the substitution from fossil

fuels in the transportation sector are becoming more important.

Nuclea:

Gas
Oil
‘v P

conl

Figure 6.1.1 — Total primary energy consumption by source (adopted from [2]

Many studies and scenarios predict a future potential contribution of biomass
for energy production, resulting in a wide range of estimations. Numbers for a
scenario for 2050 range up to 1,135 EJ annually [4], which would be equivalent to

more than 100% of the expected primary energy demand in 2050. It’s obvious that
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biomass has a high potential, e.g. annual growing biomass (theoretical potential) is
equivalent to approx. 4,500 EJ, but in terms of using biomass in a sustainable way we
have to consider technical, economic, ecologic and socioeconomic limitations. The
“sustainable” useable potential is difficult to estimate or calculate. This is one of the

reasons why predictions about the useable potential vary in a wide range.

PR - e
Theoretical Potential \ \\
(growing blomass on -
| earth) [

Technicai Potential

» Pan of e theoretcal potential, technologles to use this
part are available.
» Wikincrease If the state of the art is mare davelopad

Figure 6.1.2 — Aspects of a sustainable biomass utilization, definition of potentials

Bioenergy (including the traditional use for cooking and heating) is the largest
renewable energy source in use with a total contribution of about 58 EJ in 2020. Most
of the bioenergy was provided from using woody biomass sources in traditional (e.g.
fuelwood for heating and cooking) and advanced (e.g. CHP) applications.

Reason for the predominant use of woody biomass sources was in the past the
high availability of this source, a comparatively high caloric value (18 — 20 MJ/kg),
low ash contents (0.5 — 2%) and low contents of unwanted components such as
sulphur or chlorine (table 6.1).

Combining science, education, and production as a way to form an effective
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Table 6.1.1 — Characteristics of woody biomass fuels (analysis results of
various samples at TU Berlin 1998 — 1999)

Type of wood C H 0] N S Cl Ash Ho
[%] [%] [%] [%] [%] [%] [%]  [MJkgl
Pine 48-50 6-63 41-43 ~02 ~0.02 ~001 05-1 18-20
Beech 49-51 6-61 41-44 ~03 ~0.01 ~0005 05-1 18-20
Poplar 47-48 6-62 42-44 ~04 ~003 ~0.004 1-2 19-19
Willow 47-48 6-6.1 42-44 ~05 ~0.05 ~0006 1-2 18-19

Caused by favourable national support instruments, such as e.g. guaranteed
feed in tariffs for biomass power in many countries the total amount of wood used for
energy purposes is increasing continuously and in some regions, we recognize
already a certain pressure to fuel supply security leading to increasing prices for fuel
wood.

To reduce this pressure on woody biomass resources the use of agricultural
residues as energy source is a promising opportunity. According to UNEP about 140
billion tons of biomass is generated every year from agriculture [3].

Many agricultural residues can potentially be used as bioenergy sources. The
raw material base is diverse in form of e.g. stalks, straw, leaves, roots, husk or seed
shells and farm- and animal husbandry waste. The properties of these biomass
sources vary within a wide range. The most significant difference is between those
residues that are predominantly dry (such as straw) and more suitable for thermo-
chemical conversion routes (e.g. combustion, gasification, pyrolysis) and those that
are wet (such as animal slurries) and more suitable for biological conversion routes

(e.g. biogas production).
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Agricultural residues

|

‘ Dry residues Wet residues

Field based residues ‘ | Process based residues l Annimal mannure Fruit wastesand silages |
Straw ‘ Grain husks \ Dung Sugar beet pulp ‘
(s e ) sr ey
7‘ ¢ \ ¢ b | bunches ‘

.......... | . 1

- |

Thermochemical conversion pathways Biological-chemical conversion pathways

Figure 6.1.3 — Exemplary classification of agricultural residues

One of the most important advantages of using agro-wastes and residues as
energy source is that such materials are often available in huge amount’s and at low
costs. Although this advantages are well known agro residues are still underutilized
today. The common practice especially in developing countries is open field burning
of dry residues (e.g. straw) which causes enormous air pollution or rotting of wet
residues at the fields or dump sites which causes emission’s, ground and water
pollution.

A disadvantage is that many agricultural residues are only seasonal available
(e.g. after harvest). Storage is required to ensure all season utilization and the energy
density is often lower compared to woody fuels. In addition, the more difficult
handling and partly high contents of critical components such as sulfur, chlorine, ash
etc. (table 6.1.2) are barriers for the utilization.
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Table 6.1.2 — Characteristics of dry agricultural residues as biomass fuels
(adopted from [5])

Type of fuel C H 0] N S Cl Ash Ho
% L6l %] (%] [ [%] (%] [Mikg]
Maize straw 45.7 53 41.7 0.65 0.12 0.35 6.7 16.7

Rape straw 47.1 59 40.0 0.84 0.27 0.47 6.2 18.4
Wheat straw 45.6 5.8 42.4 0.48 0.089 0.40 5.7 17.4
Sunflower 425 5.1 39.1 1.11 0.15 0.81 12.2 15.8
straw

Especially for field based residues like straw as shown in table 2 the
problematic fuel composition (high sulfur, chlorine and ash content) is combined
with the limited seasonal availability (storage requirement), low transportation
density (120 — 230 kg/m* depending on the baling technology) and further
disadvantages (storage risks, technological problems caused by low ash melting
points etc.). The challenge is to adopt proven and robust technologies for other fuels
into decentralized low capacity applications for the economic utilization of such
critical fuels.

Agricultural residues are renewable resources that causes problems when not
used but they can contribute to climate protection, energy security, creation of
income and jobs especially in rural areas when they are converted into useful energy.

The generation of electricity from biomass encompasses a wide range of
different possible conversion processes. The most important factors that influence the
choice of conversion processes are the type of the biomass fuel and the fuel
properties, the available quantity of biomass and as well environmental standards;
economic conditions; and project specific factors [6]. This paper is considering only
the thermochemical conversion route to generate heat and power via combustion and
gasification processes.

The thermochemical conversion processes require fuels with high heating
values and for this reason lower water contents of the biomass fuels. The most
common process is the direct combustion of the fuels to produce thermal energy,
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which can be used e.g. for steam production and in further steps for electricity
generation by using steam turbines, steam engines or other energy converter [7].
Further suitable thermochemical processes are gasification and pyrolysis processes,
which will convert the biomass into so called secondary bio-fuels, such as
combustible gases or oils as a fuel for gas engines and gas turbines to generate
electricity. A promising advanced Biomass Power Generation concept for the future
is the combination of gasification technologies with advanced gas turbines to biomass
integrated gasification combined cycle (IGCC) concepts which will result in higher
efficiencies compared to conventional Biomass Power Technologies. Net conversion
to electricity is projected to be approximately 35% for biomass IGCC plants,
compared to 20 to 25% for conventional biomass combustion plants [8]. IGCC is a
proven concept for coal-based power generation (reaching electrical efficiencies up to
50% in large scale applications), but since up to now only large scale applications
seem to be economic feasible, the conventional steam cycle processes will remain the
most important technological solutions for the next years.

The conventional conversion technologies for solid biofuels by combustion
have a great importance for the electricity generation. Most of the biomass power
generation plants use direct fired systems, whereby the biomass is burned directly and
the released thermal energy is used to produce steam leading to the generation of

electricity via so called conventional steam cycle processes [10].
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Figure 6.1.4 — Flow sheet diagram of conventional steam cycle for power
generating and example grate technology

The combination of direct biomass combustion technologies, steam generators
and power generation facilities like steam turbines, steam engines, steam screw
engines and ORC systems is already established at market and the power range
between 0,1 — max. 20 MW meets the requirements of the decentralized utilization of
agricultural residues like e.g. straw or husks. Most of the systems (especially in the
lower power range below 20 MW) are grate boilers, whereby the fuel is fed to the
grate with the help of mechanical or pneumatic fuel feeders. The fuel is burned on the
grate and the hot combustion gases are passing through heat exchanger to generate
high pressure and high temperature steam to run a steam turbine (figure 6.1.4). Most
of the biomass power plants are operated with relatively low temperature and
pressure steam parameters (steam pressures of between 30-65 bar and temperatures
between 450-485°C). Such systems can reach typical net electrical efficiencies
between 20-25%, depending on plant capacities and steam parameters [10].

The challenge in case of using agro residues like straw in such systems is, that
caused by the problematic fuel characteristic (table 6.1.2) straw fired biomass power
plants require higher technological efforts to prevent ash agglomeration and/or
corrosion. Especially Cl, S, K and Na in biofuels play a major role in deposit
formation and corrosion mechanisms [11]. All of these elements can be found in
significant higher concentrations in straw compared to wood. For this reason practice

has shown that investment costs for straw fired power plants are up to 50% higher

Combining science, education, and production as a way to form an effective
mechanism for preventing climate change



162

compared to wood fired power plants. Another obstacle is the more complex logistic
process. As mentioned already caused by the limited seasonal availability enormous
storage areas (a 10 MWel straw fired power plant will consume more than 100.000 t
of straw/year) are required. The pre-conversion logistic is complex and includes
collection, compacting/baling, field hauling/transportation, storage and further
pretreatment before combustion. So beside higher investment costs also the costs for
the logistic processes are higher. A long term profitable operation of straw fired
power plants is only possible if the fuels supply is secured over a long timeframe (e.g.
20 years) at economic prices.

Another opportunity of the energetic utilization of dry agro-residues is the co-
combustion in existing coal fired power plants. The biomass co-firing in coal-fired
power plants offers significant advantages: it is highly efficient, approximately
between 36% and 44%, depending on the efficiency of the coal-fired unit [9]. Such
co-firing with coal is the most-simplest way to use biomass since an existing coal-
fired power plant is used and this is more cost-effective than building a new power
plant. Typical share of biomass in such co-firing systems is between 10-20 %
contributing to the substitution of the coal and related environmental issues such as
the mitigation of greenhouse gases [10].

Integrated gasification combined cycle power plants (IGCC) have been
developed and demonstrated for power generation using fossil fuels such as coal as
feedstock since many years [12]. Principle of the technological concept is the
generation of burnable gases via a gasification process, the use of the burnable gas to
run a gas turbine for electricity generation in a first power generation step and the
further use of the hot flue gas from the gas turbine for steam generation, which will
be used for electricity generation in a conventional steam cycle process as a second
power generation step (figure 6.1.5).

The combination of both power generation processes (gas turbine + steam

turbine) will result in an increased electrical efficiency (projected electrical
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conversion efficiencies for biomass IGCC are above 35%) and reduced greenhouse

gas emissions (figure 6.1.6).

Stearn

| Beneratar
Gas ealling Haot gas fiter |

Feeding
pump

Bismass |
————| Gasifier

Candenser

Compressar

Figure 6.1.5 — Flow sheet diagram of biomass IGCC power plant
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Figure 6.1.6 — Life cycle GWP balance for advanced biomass IGCC
technology (adopted from Ref. [14]).

Biomass IGCC power generation process is technically viable as demonstrated
at the Biomass IGCC project in Varnamo, Sweden. But critical issues are still the
high necessary technological efforts as e.g. gas cleaning to ensure a long term reliable
operation. The removal of tars, alkalis and PM is a great challenge for biomass IGCC
facilities and high temperature methods to remove these compounds must be
improved. Current research for biomass-derived syngas cleanup is focused on the
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catalytic cracking of tars, sintered metal candle filters for particulate removal, and
high temperature alkali capture [8].

Further obstacles are, that IGCC facilities are more expensive to build than
conventional direct fired power plants and that a limited reliability is currently being
considered as the most important process-related problem of IGCC plants [13].
However, the further development of biomass IGCC is a central research focus of
several R&D projects and a multitude of research institutions and commercial
enterprises started extensive R&D efforts trying to solve the existing problems.

Biomass gasification is a thermo-chemical conversion process, aimed to
convert solid biomass into a gaseous fuel, a so called syngas or burning gas (usually
characterized by low caloric values between 4- 6 MJ/m®) which can be used in
combustion engines or gas turbines or if burned in a conventional boiler to generate
steam for steam turbines to generate electricity.

Most of the biomass gasification systems in use today are auto-thermal
operated partial oxidation reactors, where just sufficient amount of air (typical excess
air ration A = 0.25) is introduced to the main reaction zone to burn a part of the
biomass and to provide the required thermal energy for the endothermic pyrolysis and
gasification processes. The reaction products are gaseous components such as CO,
H,, CH4, CO,, H,O (representing the burning gag/syngas); solid products like char
and ash and some condensable products such as tars and condensable vapors
(unwanted components which have to be removed from the produced gas). A huge
variety of gasification technologies, including fixed bed technologies such as updraft
and downdraft gasifier, entrained flow gasifier and fluidized bed gasifier are
available.

In most of the small scale applications (< 1 MWth) the biomass is gasified in a
fixed bed (e.g. downdraft) gasifier, and the produced gas is then wet-scrubbed to
condense tars and reduce syngas temperature and cleaned from particles. After such a
comprehensive cleaning process the gas can be used in an internal combustion engine

for power generation. In general gasification can handle a wide range of biomass
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fuels, ranging from woody residues to various agricultural residues. Biomass gasifier
technologies combined with internal combustion engines are available at the market
starting with very small scale applications (35 kWel — 1 MWel) but until now in the
most cases only implemented for woody biomass fuels (caused by the favorable fuel
characteristics of woody fuels). For agricultural residues such as straw, husks and
other dry products only pilot or demonstration plants are in operation. Reason are the
high efforts required to ensure a sufficient gas quality. A commercial implementation
of gasification projects to use agro-residues with critical fuel characteristics requires
that the still existing drawbacks such as system reliability, relatively high operation
and maintenance costs (caused e.g. due to the necessary efforts to clean up the
produced burning gas and to ensure a long term reliable performance of gas engines)
have to be solved. But this technology might be a promising opportunity for the
gasification of agricultural residues in the future, especially since gasification based
CHP plants can be realized with lower capacities compared to conventional thermal
power plants.

A promising and already successful implemented concept is the combination of
biomass gasification and the use of the produced burning gas in conventional
combustion system such as industrial gas boiler or as an alternative (renewable) fuel
to substitute e.g. natural gas in cement kilns. In most cases the produced burning gas
can be used without gas cleaning which makes the process more feasible by reducing
the costs for investment and operation. The general principle is shown in figure 6.1.7

based on an example realized in Uruguay.
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Figure 6.1.7 — Concept of biomass gasification and gas use in conventional boiler
technologies

Fluidized bed gasification systems are more complex and for this reason more
cost intensive than fixed bed gasification systems. The application area for fluidized
bed gasification is thus more feasible for larger scale power generation projects (>3
MWel). In Thailand e.g. some test plants (prior to commercialized applications) are
designed to use rice husk as biomass fuel. Drawbacks recognized until now is the
poor gas quality and the high concentration of unwanted components such as tars and
PM which might be caused by insufficient process control measures [10]. But as the
high ash content, the low bulk density, poor flow characteristics and low ash melting
point makes the other types of reactors inefficient or unsuitable for straw or husk
conversion to energy, the fluidized bed reactor system seems to be the promising
choice for this kind of fuel in the future [15]. Fluidized bed gasification systems
could be especially a beneficial solution for locations where sufficient fuel amounts
are available (e.g. byproducts of industrial processing of agricultural goods) and long
distance transportation to existing power plants is unprofitable.
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