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Abstract

World energy consumption has increased in the last years by 2.3%. The high demand is explained by a
strong global economy and higher heating and cooling needs in some regions of the globe, rising prices for metals,
grain and food. The energy market is contradictory: on the one hand, the demand for energy increases, on the other
hand, the acquisition of energy is accompanied by the depletion of natural resources, the elimination of harmful
products and greenhouse effects, accidents and disasters. The importance of the issue is confirmed by the
Singapore’s initiative to launch an energy fund. Not all countries have the necessary resources to meet the demands
of society. As a result, there are disparities between countries on energy sources and their efficient use.

Author's research is aimed at ensuring that society focuses on the use of traditional energy sources and non-
traditional, renewable energies that have a moderate impact on the environment and society. The aim of the research
is to investigate the situation of the energy market at global and regional level, and to select the theoretical and
practical ways of applying the vector of state efforts in overcoming the problem of energy shortage, identifying
alternative energy routes. Being aware of the major importance of energy in all areas of the economy, there is a need
for energy security. In order to achieve these goals, the authors used the method of macroeconomic, geopolitical and
geoeconomic analysis, measurement, deductive logic, inductive reasoning, experimental modeling, variable
selection, statistical method, forecast, induction, deduction, etc. Research has made it possible to identify global
energy sources, their structure, the dynamics of use and prediction of global energy sources, the share of alternative
sources for the near future. Identifying opportunities for cheap, safe, efficient, but sometimes risky nuclear energy
use. The Republic of Moldova, as a country that does not have its own energy resources, must ensure its energy
security, using various sources according to the world trends in this field.
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1. Introduction

Recently, the world energy industry has been experiencing transformative changes. The Republic
of Moldova, as a country that does not have its own energy resources, should ensure its energy
security using various sources according to the world trends in this field.

As a result of enhancing energy efficiency, the use of electricity in developed countries has
increased. The process of change has an impact on the environment, contributes to a significant
increase in the number of developed countries in the field of energy. But the increase in energy
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consumption has bad repercussions on ecology. The leaders in this area are China, India and the
United States, accounting for about 86% of their total greenhouse gas emissions. Recently,
emissions in Germany, Japan, Mexico, France and the UK have diminished (Europe 2020). Some
new trends have emerged in the development of alternative energy sources.

According to numerous forecasts, in the next two decades, considerable changes are expected in
the global energy market. They will be brought about by widespread structural and technological
changes in the world economy, including a decrease in the intensity of energy use and the harmful
effects of economic activity, based on fossil and traditional fossil fuels, on the environment
(greenhouse gas CO2 and other gases). The main trends that will determine in this context the
development of the global energy market between 2035 and 2050 will be marked by the use of
traditional, but less polluted, securitized and alternative sources of energy. We already have world
championships with Electric GT, Formula E.

2. The current investigation of the problem, the purpose of the research

The study of global energy problem has been the topic of numerous studies, theses, articles. We
can note the works of the following scholars: Schumpeter J., Ansoff 1., Kushlin V.I., Pletnev K.1.,
Folomev A.N. The problems of innovative economic development of renewable energy were in
the center of attention of Heinberg R., Ergin DH, Twidel J., Weir A. As a theoretical and
methodological support served the works of scholars in the field of world economy and
international economic relations, energy sector in general and energy sector of nuclear and
alternative energy sources, including: J. Stein, J. Longenecker, R. Witze, GJ Fox, H. Bacon, J.
Valentine, J. Baumier, C. Varley, J. Paffenbarger. Research has focused on processes in energy
markets and alternative energy sources. In his research, the authors relied on investigating complex
changes in the global energy market, the interaction between traditional sources and energy
alternatives. However, many problems have not been found in the research, due to the conjuncture
of the world energy market, the efficiency of renewable energy sources and alternative sources.
Basically, the issue of qualitative and quantitative trends on the biofuel market, the measures to
regulate supply and demand in the world market have not been studied. Particular attention was
paid to energy efficiency, preferences and weights of various energy sources on the economic
vector.

The aim of the research is to investigate the situation of the global, regional energy market and to
select ways (theoretical and practical) to solve the problem of energy shortage.

3. Applied methods and materials

Methodology, concepts and approaches used in such disciplines as "World Economy”,
"International Economic Relations"”, "World Economy and Economic Security”, "Management and
Marketing of International Economic Affairs", "Statistics" and so on in solving specific problems,
expert estimation methods, correlation and analysis methods, interactive modeling, etc. were used.

As a theoretical and methodological basis of research, the postulates and paradigms of the
scientific and applied theory of the world economy focused on a set of tools specific to the theory
of systems, management, marketing, materials in the economic and energy specific literature,
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fuels, green energy, presented in the publications of local and foreign researchers, specialists in
economics and technical sciences: metaphysics, dialectics, method of scientific abstraction,
analysis and synthesis, unity of historical and logical approaches, qualitative and quantitative
analysis, induction and deduction, graphics, statistics, methods, mathematical methods, expert
evaluation methods, etc.

At the same time, it is necessary to note that the degree of the theoretical and methodological
investigation of regional energy problems, national problems in the field of systemic
transformations, and diversification of traditional/alternative energy sources requires the use of
efficient tools for improvement. Multiple methodologies and tools require careful testing and use,
some of which are disputable.

4. Results and discussion

Energy is attributed to industry's basic branches: energy development is conditional on production
and progress in all other branches of the economy. Consumers and energy producers must expect
further demand for energy resources.

Modern electric power industry is represented by four blocks:

e Countries where the majority of electricity is generated at TPPs. These are the USA, the
countries of Europe and Russia.

e States that have relied on nuclear power plants. These include the Republic of South
Africa, China, Poland, Australia, as well as Mexico, the Netherlands and Romania.

e Countries that prefer to use renewable water resources. Hydroelectric power plants are
popular in Norway, Canada, USA, Russia, Brazil and a number of developing countries.

e States with a high percentage of atomic energy: France, Belgium and the Republic of
Korea.

In order for energy companies to achieve the best business results in the new market environment,
several trends can be identified that will dominate the global energy market until 2020 (Figure 1)
[12].

Trends in the development of the global energy market

N
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Figure 1. Development trends of the global energy market, 2020
Source: author's research

The first trend is increasing demand for electricity. Global electricity consumption is growing
faster than other energy sources, thanks to the electrification of energy consumption. Asia was
responsible for much of the increase in global electricity consumption in 2017. As in 2016, the
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growth of China’s electricity consumption, as a result of industry recovery and despite a sharp
increase in energy efficiency, contributed to increasing world electricity consumption by half.

World electricity sources
according to World Nuclear Association

25%

renewable energy

50%

fossil fuel

25%

atomic energy
Figure 2. Alternative energy sources in the world and their importance [18]

The demand for electricity has also grown in Japan (for the first time since 2013), in India,
Indonesia and South Korea (Figure 2) [3]. Electricity consumption in the United States, which has
generally remained stable since 2011 as a result of energy efficiency improvements, has been
declining for the second consecutive year, whereas in Canada it has been growing. It remained
stable in the European Union (growth in Italy, Poland, Germany and Spain, decline in the UK) and
grew in Turkey. Electricity consumption has also increased significantly in Iran and Egypt [4].

Historical world power generation mix
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Figure 3. Dynamics of using energy sources 1970-2050 [4]

The average annual growth rate of the world population was estimated at 1.4% in 1991-2010.
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Figure 4. Increase in the number of populations around the globe, billions [5]

The highest rates of average annual population growth are expected in Africa - 2.8% and in the
Middle East - 2.4%. All other regions are below 1.4%. Developed countries provide a population
growth of 0.4%. By 2020, the increase in consumption of primary energy resources will be 6.6
billion tons of fuel equivalent. The result is 18.5 billion tons, of which 2/3 of consumption refers to
developing countries, including 1/5 in China. The smallest needs for primary energy resources are
expected for the region, including the countries of Central and Eastern Europe, Eastern Russia and
the CIS countries. Based on data of the International Energy Agency, it is possible to calculate the
growth rate of world energy production using the formula (1):

Gr=1bp/ lep; Q)

where:

G is the growth rate;

Inp - indicator of the beginning of the period;
lep - an indicator of the end of the period.

Almost all published forecasts take into account the fact that the growth rates of production and
energy consumption in the world will be faster than the growth rates of primary resources, i.e.
every year an increasing amount of resources extracted will be converted into energy. In
accordance with the most probable forecast, the world demand for electricity at the level of 2020 is
estimated at 23 trillion kW (Table 1).

Table 1. Growth rate of global energy production, %

Years
2000 2020
World production 23000 35000
Growth rate 270 50
Per period, % 13,5 11
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For the period 2019 - 2030 the amount of consumed energy will increase by 44%, as predicted by
the US Energy Information Agency [2]. According to estimates of Frost & Sullivan experts [7],
Europe, with its aging generating capacities, will need to commission approximately 25 GW of
additional capacity annually until 2020. The demand for electricity in Africa, China and India will
increase as rural areas become electrified. By promoting the expansion of the segment of electric
vehicles and hybrid cars, developed countries will also make a significant contribution to
increasing global electricity demand. By 2020, the level of electrification in the world will reach
80% [1; 4].

The second trend is the growth in natural gas consumption and the rapid increase in
unconventional gas extraction. Global demand for gas, which has increased since 2014, has
accelerated its growth in 2017, helped by Asia, which accounted for '3 of the demand. China has
become the largest contributor to increasing gas consumption, which is in line with its policy of
replacing coal with gas. Economic growth has also contributed to increased gas demand in India,
Japan and South Korea (low availability of nuclear energy for the latter two countries). The
economic growth and increased heating requirements led to an increase in Russian gas demand,
which accounted for almost %4 of the world’s demand.
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Figure 5. Consumption of natural gas by regions and continents, 1990-2017 [4]

Authors’ research denotes that gas consumption continued to grow steadily in the Middle East,
especially in Iran and Saudi Arabia, as well as in Africa, mainly in Egypt (due to increased
domestic production) and in Nigeria [9]. Improving economic conditions and reducing the
availability of nuclear and hydro power in Europe contributed to increased gas consumption,
especially in Germany and southern Europe (Turkey, Italy, Spain and Portugal). In the United
Kingdom, it has decreased due to the softer temperature and fierce competition with renewable
energy sources in electric ventilation [13]. Gas consumption, for the first time in seven years, was
reduced in the United States, the reasons were the decline in electricity demand, competition with
renewable sources and relatively high hydrogeneration. In Canada, gas consumption has increased.

The third trend is the development of renewable energy. The share of renewable energy sources
(including hydropower) in the global power generation system, which in turn has grown rapidly
since the late 2000s, has grown by almost 1 percentage point in 2017, reaching almost 25%.
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Figure 6. Share of alternative sources in electricity generation, % [15]

Wind and solar energy are gaining popularity at this point, helped by ambitious policies on climate
in the European Union, the United States, China, India, Japan and Australia, as well as a sharp
drop in the cost of building solar and wind installations, which allowed developing countries to
expand their renewable capacities. In 2018, as in 2017, the total use of renewable energy sources
was about 180 gigawatts (GW). According to the IEA, the volumes on a yearly basis have not
increased for the first time since 2001 [3]. Solar stations are responsible for 20% of additional
electricity generation in 2017, and wind farms - for 30%. Renewable energy sources now cover Y5
of the energy mix in Europe, 1/4 in China and % in the United States, India and Japan.

Table 2. World Energy Production, Table 3. Electricity consumption from
mil t c. [8; 15] alternative energy sources, 2017, mil t. [8; 15]
Average The annual
annual growth .
. variation, . rate,% Consumptl_on
Indicators 2016 2017 Indicators | 2016 | 2017 structure in
2016- 2016 | 2006
2017, %
2017, / /
% 2017 | 2016
Production 13014 | 13323 2,4 Total 4174 | 486,8 | 17,0 | 16,2 100,0
Petrol 4377 | 4387 | 02 Q:é?ﬁc 140,8 | 175,1 | 24,7 | 21,9 36,0
Gas 3052 | 3165 3,7 Europe 1442 1 161,8 | 125 | 13,8 33,2
Coal 3664 | 3769 2,9 North_ 96,8 | 109,5| 13,5 | 13,6 22,5
America
Hvdro- Central
gwers 913 919 0,7 and South | 28,6 | 32,6 | 14,3 | 17,7 6,7
P America
Nuclear 591 | 596 | 0,5 Africa 52 | 54 | 7.4 | 178 11
power plants
Alternative Other
energy 417 487 17 . 1,8 2,4 - - 0,5
regiuns
sources
. OECD
Consumption | 13258 | 13511 1,9 . 270,11 304,9 | 13,2 | 13,6 62,6
countries
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In the European Union, the share of renewable energy sources remained stable in 2017, since a
significant increase in the production of renewable energy in Germany and the UK was offset by
unfavorable hydraulic conditions in southern Europe (France, Italy, Spain) [1]. The European
Union intends that by 2020 the share of renewable energy sources will account for 20% of all
generation volumes; the US target is 10-20% of renewable energy production, while China
expects to get 100 GW of renewable energy in 2020. These efforts, combined with the
development of technology, will eventually lead to the achievement of grid parity: that means the
moment when the cost of electricity production based on fossil fuels is equal to or lower than the
cost of electricity production from renewable sources. Most likely, this phenomenon will occur for
the first time in those countries whose significant share of the energy balance falls on renewable
energy sources. However, countries whose economies are mainly dependent on fossil fuel will
reach parity much later [9].

The fourth trend is increasing energy efficiency. Energy efficiency is the effective (rational) use of
energy resources [11]. The use of a smaller amount of energy means to provide the same level of
energy supply of buildings or technological processes in production. For the second year in a row,
China has been the most attractive country to invest in renewable energy. In China, solar energy is
growing at an incredibly high rate. Only in the first three months of 2017, new solar power plants
and solar panels for home, with a total capacity of 7.21 GW, were commissioned in China. During
this period, the country produced 21.4 billion kwh/h of solar energy, which is about 80% more
than in the first quarter of last year. Currently, China is building the largest solar power plant in the
world, which consists of 6 million solar panels with a capacity of, at least, 2 GW [10].

Most developed countries are actively designing and implementing solutions to improve the
energy efficiency of household electrical appliances, establishing control over their minimum
energy efficiency and introducing appropriate operational standards for an increasing number of
household appliances. Technologies aimed at reducing the amount of fuel consumed and reducing
carbon dioxide emissions, such aspects as energy control, green buildings and clean transport will
be key technological tools that contribute to improving energy efficiency and reducing CO:
emissions [6].

The fifth trend is the global revival of nuclear energy, led primarily by China, India and Russia.
Nuclear power is one of the most profitable technologies that can meet the ever-growing demand
for electricity, which also makes a huge contribution to achieving energy independence and
security of supply. Among the most powerful nuclear power plants are: Wintersburg (Arizona,
USA) with a capacity of 3942 MW, Ohi (Japan) - 4693 MW, Cattenom (France) - 5200 MW,
Paluel (France) - 5320 MW, 5460 MW, Yeonggwang (South Korea) - 5875 MW, Zaporijjea
(Ukraine) - one of the largest nuclear objects in 6 reactors with a capacity of 6000 MW,
Kashiwazaki-Kariwa (Japan) - 7965 MW, Fukusima I, Il with 88414 MW (but reactors 4 and 6
were deteriorated). The largest capacity is recorded in Belgium with a capacity of 5918 MW
(49.9%), UK - 8918 MW (19.3%), Germany - 10799 (11.6%), Canada - 13554 MW (14.6% ),
China - 34514 MW (3.9%), Russia - 26142 MW (17.8%), Romania - 1300MW (17.7%), USA -
99952 MW (20% %), Sweden - 9102MW (39.6%), total - 394054MW (10.9%) [14]. In the entire
industrial chain within the nuclear energy sector, the number of partnerships and cooperation
agreements is increasing, which helps to keep up with high global demand.
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5. Conclusion

As a result of the research, the authors came to the conclusion that the country that intends to
become a leader in the production of electricity needs to develop alternative energy, look for new
fields for natural gas extraction and unconventional gas extraction, and also pay attention to the
dominant trends in the global energy market. The energy industry throughout the world is
experiencing revolutionary changes associated with the rapid development of an alternative,
“green” sector. The turning point in this area was 2015, when the global input of renewable energy
sources (RES) for the first time exceeded the input of traditional energy facilities. Over the past 10
years, the installed capacity of “green” generation in the world has grown nine times to 917
gigawatts. All these trends will allow in the future to significantly reduce energy costs — on the
one hand, and to improve the quality of life of the population, on the other, also they will ensure a
good position in the global energy market, and in the future, the leading role.

Researching the world energy market, we can outline some major trends:
e The main consumers in the future will be China, India and Africa,
e By 2030 global energy consumption will increase by 44%. Increasing electricity
consumption will grow due to the electrification of agriculture and rural areas as well as
electrification of car transport.

e Extending the use of natural gas and alternative sources. Works are taking place in Europe,
China, USA.

e Marketing of coal use technologies, reducing CO2 emissions.

e Expanding the use of nuclear energy (pioneers in the field are China, India, Russia).

e Implementation of intelligent technologies and devices for energy efficiency and reduction
of polluting substances.

e Development of efficient energy storage systems.

e Liberalization of the energy market, development of competition and the possibility of
consumers to choose a supplier.
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Rezumat

Consumul global de energie a sporit in ultimii ani cu 2,3%. Cererea avansata se datoreaza unei economii
globale puternice si a necesitdtilor mai mari de energie pentru incalzire si racire In unele regiuni ale Globului,
cresterii preturilor la metale, grane si produse alimentare. Piafa energetica este contradictorie: dintr-o parte creste
cererea pentru energie, din altd parte dobdndirea energiei este insotita de epuizarea resurselor naturale, eliminarea
produselor nocive si cu efecte de serd, accidente si dezastre. Importanta problemei este confirmata de initiativa
Singapore de a dezvolta initierea unui fond pentru energie. Nu toate tarile dispun de surse necesare pentru a face
fata cerintelor societdtii. Ca consecinta apar decalaje intre tari privind sursele de energie si utilizarea ei eficientad.

Cercetarile autorilor se axeazd pe accentele puse de societate privind utilizarea surselor traditionale de
energie si celor netraditionale, regenerabile, cu efecte blinde asupra mediului si societatii. Scopul cercetarii consta
in investigarea situatiei pietei energetice la nivel global, regional si selectarea cdilor (teoretice si practice) al
aplicarii vectorului efortului statelor in depdsirea problemei insuficientei energetice, identificarea unor rute
energetice alternative. Fiind constientizatd importanta majord a energiei in toate domeniile economiei, apare
necesitatea securitdtii energetice. Pentru realizarea acestor deziderate, autorii au apelat la metoda analizei
macroeconomice, geopolitice si geoeconomice, masurare, logica deductiva, rationamentul inductiv, modelare
experimentald, selectarea variabilelor, metoda statisticd, previziunii, inductiei, deductiei etc. Cercetarile au permis
identificarea surselor de energie pe glob, structura lor, dinamica utilizarii si previziunea surselor energetice pe glob,
ponderea surselor alternative pentru viitorul apropiat. Identificarea oportunitdtilor utilizarii energiei nucleare,
ieftind, sigura, eficientd, dar uneori riscantd. Republica Moldova, ca tara lipsita de propriile resurse energetice,
trebuie sa-si asigure securitatea energeticd, utilizand diverse surse conforme tendintelor mondiale in acest domeniu.

Cuvinte-cheie: energie, resurse energetice, surse alternative de energie, avantaje

Annomayus
Muposoe nompebaenue suepeuu yseauuunoco na 2,3% 3a nocieduue 200vl. Ilogviuennviii cnpoc Ha
9Hepauto 00yCl061eH CUNLHOU MUPOBOU IKOHOMUKOU U 0O0Nlee BbICOKUMU NOMPEOHOCMAMU 6 OMONNeHUU U
OXIAINCOCHUU 6 HEKOMOPHIX PEeSUOHAX 3eMHO20 wapd. BadicHocmb 6onpoca noomeepiicoaemcs UHUYUamueou
Cuneanypa no paspabomke 3anycka snepzemuueckozo ¢honoa. OOnako He 6ce CMpaHvl UMeIOM He0OX0OUMble
pecypcel Onst yooeiemeoperust nompebnocmeti oowecmea. Hz-3a pazmuuuil 6 obecneuenuy UCmoYHUKAMU SHePISUU
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MeANCOY CMPAHAMU B0ZHUKATON MOP208ble OMHOWEHUS, d UHO20A HANPANCEHHOCMb U BOUHDL.

Aemopckue uccredo6anusi HANPAGIEHbl HA  U3YHEHUEe ONbIMA  UCHOIb306AHUS  MPAOUYUOHHBIX U
HeMpPAOUYUOHHBIX UCTNOYHUKOS DHEP2Ul, 80300HOGISICMbIX UCOYHUKOE SHEPISUU, OKA3bIBAIOWUX 8030elicmeue Ha
OKpYAcatowyIo cpedy u obuecmeo. Llenvro ucciedosanus A61Aemcs usyieHue cCumyayu Ha SHepeemuydecKom poiHKe
Ha 2100A1bHOM, PeSUOHANLHOM YPOBHE U 8blO0D MeOpemuyecKux U npaKmuieckux cnocobo8 npumeneHus 6eKmopa
20CY0apCmBeHHbIX Ycunutl O0isi npeoooieHus NpooOieMbl HeX8amKu OSHepeuu U BblAGeHUlU  aAlbINePHANUBHBIX
ucmoynukos suepeuu. OCo3HABAA BANCHOCMb IHEPLEMUKU 80 8CeX Chepax IKOHOMUKU, B03HUKAEmM NOMPeOHOCMb 8
obecneueHuu 3Hepeemuueckoll 6esonacHocmu. [[na OocmudiceHus >mux yenell asmopvl UCHOIb30BATU Memoo
MAKPOIKOHOMUYECKO20, 2e0NOIUMUYECKO20 U 2e03KOHOMUYECKO20 AHAAU3d, U3MepeHus, OeOVKMUBHOU JO02UKU,
UHOYKMUBHO20 MbIUIEHUS], IKCNEPUMEHMANIbHO20 MOOEIUPOBanUs, 6blO0pa NEPEMEHHbIX, CMAMUCMUYECKO20
Memood, NPOZHO3ZUPOBAHUs, UHOYKYUl, 0edykyuu u Op. Mccredosanus no3goauiu onpederunms MUposble UCHOYHUKY
9Hepeuu, ux CmpyKkmypy, OUHAMUKY UX UCHOIb306AHUS U 2100ANbHbLIL NPOZHO3 UCTNOYHUKOG DHEP2Ul, YOeTbHbII 8eC
AbMEPHAMUBHBIX UCMOYHUKO8 Ha Onudicatiuiee epems. Onpedenena NepCneKmusHOCmb 0eueso2o, 6e30nacHozo,
apexmusnozo, Ho UHO20a PUCKOBAHHO20 UCHONB3068aANUs A0epHOll dHepeuu. Pecnybaiuxka Mondosa kak cmpana, He
umerowas coocmeentvie dHepeemuyecKue pecypenl, 00IHCHA 00ecnedusams C8010 dIHEPLemuieckyro 6e30nacHocmo,
UCNONIB3YA PA3TUYHBIE UCHOYHUKI 8 COOMBEMCMBUU C MUPOBLIMU MEHOSHYUAMU 8 IMOLL 001acmu.

Knwuesvie cnoesa: IHepeusl, IHepeopecypcsvl, AlibmepHamueHbvle UCIMOYHUKU dHep2UU, npeumyujecmeda
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