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DOMINANT TRENDS OF INNOVATION AND INVESTMENT ACTIVITIES IN THE
DEVELOPMENT OF ALTERNATIVE ENERGY SOURCES

HUuna I'onuapyk

KAHOUOAam sKOHOMUYECKUX HAYK,

Odoyenm Kagheopvl SIKOHOMUKLU,

NPOPeKmop no HAY4HOU U UHHOBAYUOHHOU 0eAMeNbHOCU
Bunnuykuii nayuonanvHulil azpapHulii ynusepcumem
Onvea baouna

accucmenm Kageopuvl azpapHoeo MeHeoNCMeHmd
Bunnuyxuii nayuonanbHblil azpaphblil yHUepcumen

JJOMMUHAHTHBIE TEHJIEHIIMA UHHOBALIMOHHO-UHBECTUIIMOHHOM JEATEJIHOCTH B
PA3BUTHUA AJIBTEPHATHUBHBIX NCTOYHUKOB DHEPT YN

Summary. In order to determine the main tendencies of innovation and investment activity in the
development of alternative energy sources (AES), the analysis of foreign experience of the countries of Europe,
the USA and Asia was carried out. The innovative waves of development of industrial consumption of energy
resources are considered in the article. The structure of regional energy consumption by fuel types is analyzed.
The structure of world energy consumption in oil equivalent has been estimated. The distribution of world
consumption of alternative energy sources by countries and types is investigated. The research identified the world
leaders in the development of alternative energy sources, which are the EU countries. Alternative energy is
dynamically developing not only in a number of developed countries, but also in developing countries, which have
realized the benefits of using alternative energy sources and are actively developing this energy sector. The
dynamics of investments in the development of alternative energy sources are considered. It is determined, that in
the conditions of sufficient wind and solar potential and not always predicted prices for oil, as well as expensive
infrastructure for oil transportation, alternative energy sources are beginning to compete successfully with
traditional energy.

AHHOTa].[l/Iﬂ. I[J'IFI OIpCACJICHNA OCHOBHBIX TCHACHIHH I/IHHOBaL[I/IOHHO-PIHBGCTPII.[HOHHOﬁ ACATCIIBbHOCTHU B
Pa3BUTHH AJBTCPHATHBHBIX HCTOYHHUKOB SHCPIHU OCYLICCTBJICH aHAJIN3 3apy6e>I<H0r0 OIlbITa CTpaH EBpOHBI,
CIHA m Asmu. B craTthe PAacCMOTPCHbBI MHHOBAIIMOHHBIC BOJIHBI PA3BUTHA MNPOMBIIIICHHOTO HOTpe6J‘I€HI/I${
SHEpPreTUIecKux pecypcoB. [IpoaHanm3mpoBaHa CTPYKTypa PETHOHANBHOTO SHEPrONOTPEONICHUS IO BHAAM
TOIIJIKMBA. HpOBeI[CHa OLCHKA CTPYKTYPbI MUPOBOI'O HOTp€6J'IGHI/I$I 3HepFOHOCI/IT€HeI71 B HG(I)TSIHOM OKBHUBAJICHTEC.
HccnenoBaHo pacnpeaeneHue MHPOBOTO MOTPeOJICHUST albTePHATHBHBIX MCTOUYHHMKOB DHEPTHUU MO CTpaHaM M
BUJaM. B pesynbTaTe ncciaeloBaHUN ONpeeneHbl MUPOBBIE JIMJAEPH] B Pa3BUTUN AJIbTEPHATUBHBIX UCTOYHUKOB
OHCPTHUU, KOTOPBIMU ABJIAIOTCA CTPaHbI EC AJ'IBTepHaTI/IBHaSI OHEPICTUKA JUHAMUYHO Pa3BUBACTCA HE TOJBKO B
psze pa3BUTHIX CTPaH, HO M Pa3BUBAIOIIMXCS CTPaH, KOTOPHIC, OCO3HAIM BBITOAY IIPUMCHCHHS aJIbTCPHATHUBHBIX
HNCTOYHHUKOB SHEPTrUHU U AaKTUBHO PA3BUBAIOT OTY OTPACb SHCPICTUKH. PaCCMOTpeHa JUHaAMHKa I/IHBCCTI/IHI/II\/’I B
Pa3BUTHUC AIbTCPHATUBHBIX WCTOYHUKOB DHEPIUH. OnpeneneHo, YTO B YCJIOBHUAX JOCTATOYHOTO BETPOBOTO H
COJIHCYHOTI'O IMMOTCHIIMAJIa 1 HE BCeTAa NPEACKAa3yEeMbIX IICH Ha He(i)TI), a TaK¥KE JOPOrocCT: Oﬂlueﬁ I/IH(l)paCTpYKTypI)I
A TPAHCHOPTHUPOBKU He(bTerO,HYKTOB, AJIBTCPHATUBHBIC HWCTOYHUKHU OHEPIruru HAYMHAIOT YCIICHIHO
KOHKYPHUPOBATH C TpaI[PIIIPIOHHOﬁ SHCPFGTHKOﬁ.

Keywords: energy efficiency, alternative energy sources, energy market, energy consumption, energy
resources, innovations, investments.

Knroueswvie cnosa: 9Hep203¢¢el<muenocmb, albmepHamuenvble UCMOYHUKU IJHepcuu, 3Hepeemultea<u12
POBIHOK, 3Hep20n0mpe6fleyue, IHepeemu4decKue pecypcol, UHHO6AyUU, UHEECMUYUU.

Formulation of the problem. Energy as a basis  economic and social development of the world, its
for civilization affects the direction and pace of security and international relations. Almost all aspects



.|
[EESY] |

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #2(54), 2020 7

of human life in one way or another related to energy
conversion and use.

The exclusive ownership of certain countries'
energy reserves enables these countries to dictate their
own conditions. Over the last fifty years, exploration of
deposits has grown significantly, which has
significantly strengthened the position of exporting
countries, which are able not only to meet domestic
demand for energy, but also to act as a major supplier
in the world market. The increase in the number of
exporters causes the complexity of harmonizing their
behavior, which directly affects the structure of energy
consumption.

The economic potential of a country largely
depends on the state of its energy resources and the
conditions of their use. Recently, more and more
attention is being paid to the reliable and stable
economically efficient provision of the world economy
with energy resources, which is one of the main tasks,
the solution of which is the basis for the existence and
gradual development of civilization, the key to its
energy security and an indicator of the quality of life of
the population.

The rapid increase in the number of population,
transport, and worldwide production leads to an

increase of energy consumption, which, in turn, causes
a great load on the environment.

Therefore, it becomes evident, that in order to
grow economically and improve the environmental
situation, it is necessary to develop actively the use of
alternative energy sources and to increase energy
efficiency.

Analysis of recent research and publications.
Issues of energy security and innovation and
investment development of alternative sources in this
field have recently been increasingly covered by
domestic and foreign scientists, such as Twidel J., Weir
A., Schumpeter J. [1], Ivanov A.S. [4], Romanchuk Y.
[10].

Formulating the goals of the article. Research of
world trends of innovation and investment activity in
the development of alternative energy sources.

Presenting of the main research material. J.
Twidel and A. Weir [1], based on the historical
formation of the world energy market, distinguish four
innovative waves of its development according to the
concept of J. Schumpeter, which are related to the
industrial consumption of certain types of energy
resources (Fig. 1).

The first wave (1840 - 1900) - the use of coal in industry (the invention of the
steam engine, the development of railways and steel industry).

The second wave (1900 - 1950's) - the development of oil and gas, oil is not only a
fuel, but also the most important raw material for the chemical industry,
accordingly, the developments of the use of ethanol and biodiesel have appeared.

The third wave (1950s - 1980s) - the cycle of growth of world-wide production
and consumption of energy, diversification of energy resources.

Innovative waves of development of the world
energy market

The fourth wave (since the late 80's) - the active use of energy, based on biomass,
which best represents the anthropogenic evolution of energy,has begun.

Fig. 1. Innovative waves of development of industrial consumption of energy resources
Source:compiled by the author [1].

The third innovation wave culminated in an
increase in global energy production and consumption,
as a result, the environmental load has increased by five
times in fifty years. This cycle actualized the problems
of caring for energy and set before humanity the
question of the possibility of complete depletion of
non-renewable natural resources. Accordingly, the
concept of sustainable development was formed,
through which previously unrelated trends in energy
intensity and energy efficiency have begun to be
considered in a single direction of reducing overall
energy consumption.

Thus, becoming the first open-source fuel, biofuel
has retained its importance and, through the
improvement of innovative technologies, has made its
way from one of the most environmentally damaging
sources of energy to the status of promising and clean
fuel.

The current structure of primary energy
consumption in different countries is diverse and is
determined by the availability of natural resources,
transport capacities and the formed specificity of
internal needs (Fig. 2).
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Fig. 2. Structure of regional energy consumption by fuels at the beginning of 2019,%.
Source:compiled by the author [2].

The structure of regional energy consumption
proves that most countries focus on the use of local and
regional energy, which determine the priorities of
industrial and household consumption. In particular,
coal remains the main fuel in

some countries, the highest share of which in
energy consumption in 2018 was:

South Africa - 72.4%, China — 67.2%, India —
55.3%, Poland — 55.6% .

Some countries realize the benefits by providing
hydropower, for example, in Norway the share of
hydroelectric power in total primary energy production
is 65.2%, in countries such as Brazil, Colombia,
Canada, Austria, Sweden, Switzerland water
consumption ranges from 24% to 28% [2].

The current situation on the world energy market
is characterized by the intensification of globalization
processes — mono-product and local energy markets
have evolved towards global markets for individual
energy resources, which is accompanied by increased
competition and contradictions between major players
in international energy markets (the main consumers of
energy resources are highly developed countries and
Asian countries while the major share of the world's

hydrocarbon reserves is concentrated in a relatively
small group of developing countries).

Therefore, the world energy market can be
considered as a global market ,at the same time it
remains segmented. This is mainly due to the fact, that
the energy capacity of certain regions depends on the
extraction of energy from specific fields. In particular,
the range of many refineries have little adaptation to oil
of different varieties.

It should be noted that the oil market as a system
component of the global energy market is influenced by
three main factors that determine pricing: supply and
demand (but, unlike other markets, this factor is not
determinative), geopolitics, and the desire for oil
producers to generate a steady flow of financial
resources from the sale of raw materials.

To assess the dynamics of the structure of world
energy consumption in Table 1. the growth rates of
each type of energy in oil equivalent are calculated.

Estimated growth rates show, that the renewable
energy market has been most actively developing in the
last nine years,the growth of which amounted to
211.1%. A significant increase is observed in the coal
market, which is 36.7%, and in the hydropower market
—24.5%.
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Table 1.
Structure of world energy consumption in oil equivalent for 2010 — 2018, million tons.
Tvoe of Years Growth rate
yp 2018/2010
energy 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 ”"
°"'trgr']'5"°” 4040.2 | 4085.1 | 41389 | 4185.1 | 4210.4 | 42657 | 42784 | 43146 | 4328.4 -
in% compared
totheprevious | - | 101.1 | 1013 | 101.1 | 1006 | 101.3 | 1003 | 1008 | 1003 | 107.1
year
gas'tg:]'s"'o” 3180.8 | 32330 | 3310.0 | 3347.6 | 3378.3 | 3416.2 | 34437 | 34628 | 35136 .
in% compared
totheprevious | - | 101.6 | 1024 | 101.1 | 1009 | 101.1 | 1008 | 1006 | 1015 | 1104
year
Coa"tomng"on 3469.1 | 36303 | 3723.7 | 3826.7 | 39285 | 40858 | 41726 | 4280.2 | 4396.4 .
in% compared
to the previous - 1046 | 1026 | 1028 | 102.7 | 1040 | 1021 | 1026 | 102.7 126.7
year
nuclear
energy, 6262 | 600.7 | 5599 | 5632 | 5614 | 5523 | 549.7 | 5453 | 548.1 -
million tons
in% compared
to the previous - 95.9 932 | 1006 | 99.7 98.4 99.5 99.2 | 1005 87.5
year
hydropower, | a3 | 7058 | 8336 | 8558 | 8823 | 9068 | 9245 | 9514 | 9762 -
million tons
in% compared
totheprevious | - | 1015 | 1047 | 1027 | 1031 | 1028 | 1020 | 1029 | 1026 | 1245
year
AESt'O’:S'"'O” 1680 | 2049 | 2408 | 279.3 | 3146 | 3735 | 4213 | 4855 | 5227 .
in% compared
totheprevious | - | 1220 | 1175 | 1160 | 1126 | 1187 | 1128 | 1152 | 1077 | 3111
year

Source: calculated by author [3]

The accelerating growth rates of natural gas
markets in comparison with the oil market are
significant — 10.4% against 7.1%. It should also be
noted the

reduction of the nuclear energy market, which is
12.5% (Table 1.).

Thus, the world market of energy resources in
modern conditions is characterized by increasing of the
degree of uncertainty, which is manifested in the
following trends:

- reduction of global energy resources;

- increase of demand and level of prices for fuel
and energy resources;

- diversification of energy sources;

- monopolization of the energy market by the
countries with the largest FER reserves;

- innovative renewal of energy production
processes;

- exacerbation of environmental problems.

Each country wants to have its own energy
resources and not to be dependent on energy donor-
countries. Therefore, in the modern conditions of
management, the energy market is becoming more

diversified, in particular, both the ways of extracting
energy and the directions of its use are being updated.

The market for alternative (renewable) energy
sources began to form relatively recently, and is in the
stage of its active development now. Demand for the
industrial use of alternative energy sources has formed
in the second half of the twentieth century, when the
transformation of the oil market, the creation of the
OPEC oil cartel and further oil and economic crises of
the 1970s found the vulnerability of Western countries
- importers of hydrocarbons from foreign supplies of
raw materials.

At the beginning of the 21st century, these states
directed the accumulated experience of scientific
development to their realization, choosing the course of
transition to the new (6th) technological way and
outlined the innovative goal — the creation of low
carbon economy based on the latest achievements of
science and technology.

As a result, alternative energy, such as energy
efficiency, energy conservation, and the sector of
environmental pollution reduction, has been given

the status of "new growth points" and has become
a priorities for large-scale state
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support [4].

The main directions of changing energy priorities
were set out in the UN Conceptual Documents adopted
at the conferences of this organization: in 2012
(transition to sustainable development and “green”
economy) [5], in September 2015 (adoption of
Sustainable Development Goals for Humanity and All
countries by 2030) [6], in December 2015 (ways to
reduce greenhouse gas (GHG) emissions due to the
problem of global climate change) [7].

It should be noted the growing interest of
international organizations in the development of
alternative energy sources, in particular, several
landmark international conferences, discussing the
importance of AES and their development prospects:
(The World Summit for Sustainable Development 2002
in Johannesburg (WSSD)) in 2002; The World
International Renewable Energy Conference in Bonn;(
The G-8 Gleneagles Dialogue), Gleneagles, Scotland
(UK), in 2005; The International Conference on
Renewable Energy in Beijing (Beijing International
Renewable Energy Conference, 2005).

At the Bonn conference, it was decided to create
an International Renewable Energy Agency (IRENA).
Later, in January 2009, during the constituent
conference held in Bonn with the participation of 120
countries, the first large international organization for
the development of alternative energy sources was
created, the initiative of which was created by Germany
[8]. The Agency aims to take a proper place in the
global energy sector, alongside the International
Atomic Energy Agency (IAEA) and the nternational
Energy Agency (IEA). At present, 152 countries are
members of IRENA and 28 countries have begunthe
process of joining the organization.

In 2016, the process of joining the IRENA was
started in Ukraine. Thus, according to the Decree of the
President of Ukraine of May 10, 2016 No. 200/2016
[9], an application for membership of Ukraine in
IRENA was sent, on which the IRENA member states
did not express any objections or remarks.

The main areas of IRENA's activity are the
creation of framework conditions for the use of
alternative energy sources (as well as financing and

granting of appropriate technologies for their
application), as well as granting of consulting services.
The purpose of formation of this agency is to stimulate
the development of renewable energy sources, which in
turn must resolve the issues of energy security,
environmental  protection, unemployment and
economic development of countries.

Ukraine's membership in IRENA primarily
provides an opportunity to apply for an Abuban
Development Fund to finance "green" projects, which
offers long-term preferential loans of 1-2% for up to 20
years. In addition, Ukraine's accession to IRENA will
allow:

- to receive IRENA's assistance in improving the
legislative framework, attracting investment and
capacity building of alternative energy;

- to provide additional guarantees to potential
foreign investors in investing in “green projects” in
Ukraine;

- to work closely with developed countries in the
development of alternative energy sources;

- to access IRENA databases on the latest
technologies and developments, world best practices
and effective financing mechanisms for “clean” energy
projects.

Recently, the use of alternative energy sources has
become quite popular, but their share in the overall
structure of global energy consumption is small. The
leaders in the development of alternative energy
sources are EU countries, where a share of alternative
energy in total energy consumption is 14% (Fig. 3).

As it is shown in Fig. 3, the EU countries account
for 42% of world renewable energy consumption. In
the last decade, the share of alternative energy sources
in the EU's energy balance increased more than in 5
times: from 1.8% in 2008 to 6.9% at the end of 2018.
Some countries’ progress in alternative energy
development is already noticeable: the share of
alternative energy sources in energy consumption has
increased in Spain from 2.5% to 12.6%, in Germany -
from 1.9% to 9.1%, in Italy — from 1.4 % to 8.2%, in
the UK — from 0.7% to 5.4% in, France — from 0.4% to
2.4%.

mEU

mUS

China

Japan

B and other countries

Fig. 3. Distribution of world alternative energy consumption by countries, 2018.
Source: calculated by author [10]
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The share of the United States in the global
consumption of alternative energy is 23%, China — 9%,
Japan — 4%. At the same time, most countries continue
to use traditional fuels and energy, despite the fact that
the UN strategic direction for 2030 is to double the
share of renewable energy in the global energy balance.

The most important indicators, that characterize
the development of alternative energy sources, are the
dynamics of renewable energy production in the world
and in individual countries, the structure of renewable
energy production by sources of generation,
investments in this industry and their profitability.

The installed capacity of alternative energy in the
world as of 2018 reaches 2 011 GW (for comparison,
in 2008 it was less than 1 thousand — 992 GW). 55% or

1,122 GW of this value accounts for hydropower (Fig.
4.).

Wind and solar power account for most of the
remaining capacity — 467 and 296 GW respectively,
bioenergy — 110 GW. Other sources include 13 GW of
geothermal power and 500 megawatts of marine (wave,
tidal) power.

In the structure of alternative energy sources,
except for hydropower, wind energy is the most
important, accounting for 23% of total ADE capacity.
It is used in many countries around the world, among
which China is a leader (91 GW),

USA (61 GW), Germany (34 GW), Spain (23
GW), ltaly (8.6 GW) and India (20 GW) [12].
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Fig. 4. Distribution of world consumption of alternative energy sources by types 2018.
Source: calculated by author [11]

The second largest source of alternative energy is
solar energy, which converts solar energy into
electricity by photoelectric or thermodynamic methods.
The first method is more common (14% of total
alternative energy sources at the end of 2018),
especially in the US and some European countries,
where solar power plants are large enough. The leaders
in this resource are the same countries — China (19.9
GW), USA (12.1 GW), Germany (36 GW), Spain (5.6
GW), Italy (17.6 GW) and India (2.2 GW).

Biomass is the third largest alternative source (2%
of total alternative energy sources, or 16% without
hydropower), but its rapid development is prevented by
limited agricultural land. The fourth place is occupied
by geothermal energy, but its share is insignificant —
only 2% of alternative energy sources without
hydropower.

Experts predict that in the future, alternative
energy will be dominated by wind power, which will
increase to 75%, as other types of alternative energy
sources will focus on heat production. In developed
countries, alternative energy will reach 21% of
electricity production by 2030 and 31% by 2050 (in the
European Union — up to 38% and 50% respectively). In
developing countries, its

share will be no more than 19% by 2050 [12].

As the end of 2018, the total installed capacity of
alternative energy sources

(together with large hydrogeneration) reached
1,712 thousand GW or 27.7% of the global electric
capacity, which was the result of increasing the
production of hydropower, bioenergy, geothermal,
solar photoelectric, concentrated solar and wind
energy. In this case, the total capacity of all AES
generating units (excluding large hydroelectric power
plants) was 656 GW. This expansion of the use of
alternative energy sources allowed to prevent a total of
1.2 gigatons of carbon dioxide from being emitted into
the atmosphere [13].

Analyzing the dynamics of increasing the capacity
of AES, we can predict a significant increase in the
share of alternative energy sources in the global energy
balance in the coming decades.

Since the development of alternative energy
sources is impossible without the development of new
technologies, it is possible to speak about the positive
impact of the alternative energy strategy on the
development of national science and technology, as
well as production, which has a positive impact on the
international prestige of the countries in the field of
renewable energy.

In 2018, according to the annual UNEP
investment research[14] global investments in
alternative energy technologies have reached $ 413
billion, that is, almost four times in the last ten years

(Fig. 5).
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Fig. 5. Dynamics of investments in the development of alternative energy sources, 2007 - 2018, billion dollars.
Source:compiled by the author [14]

When analyzing global investments in alternative
energy sources, it was found that, based on the results
of 2014, a record for the whole history of investments
in renewable energy was set - $ 328.9 billion dollar, of
which the maximum amount $ 161 billion US dollars
has been invested in solar power. It is worth noting, that
investments in traditional hydrocarbon-based energy
sources anounted only $ 130 billion in the same year.
According to the results of 2015 — 2016, the index of
investment activity decreased slightly. Significant
successes in environmental protection, minimizing
production costs and innovative improvements in the
efficient use of alternative energy sources have
attracted new private investors in 2017 and 2018,
adding them to state and public investments, which
have had a positive impact on dynamics.

Conclusions. Based on the above data, we can
conclude, that alternative energy is dynamically
developing not only in a number of developed
countries, but also in developing countries, such as
China, that have realized the benefits of using
alternative energy sources and are actively developing
this energy sector. It is quite clear, that the global
economy is moving towards a significant
diversification of fuel supply, and much will depend on
both technological innovations and trade and political
decisions of energy market participants.

The introduction of technological innovations has
led to the production of alternative energy sources with
lower consumption of resources and improved products
from them. With sufficient wind and solar potential and
not always predictable oil prices, and expensive oil
transportation infrastructure, alternative energy sources
are beginning to compete successfully with traditional
energy.
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