PO3OIA 4

HayxkoBi noBizomMmaeHHS

Investments in Renewable Energy for
Smart Grid Technology Development*

OrexsaNnDrA V. KuBatkol, TETyaNA S. ToLok®,
HarrisoN O. Eparenimurii, IsmaiL Y. A. ALMASHAQBEH"

The current state of economic development foreseen an increasing production processes efficiency
and determines the demand for energy resources. At the same time, the global use of traditional energy
sources is steadily growing and currently it is still dominant. Considering the empirical arguments
regarding environmental degradation and problems related to climate change, the development and
implementation of smart and safe energy technologies, such as the Smart Grid, is relevant. Smart and
secure power grids today are seen as technologies that facilitate the transition of the energy system
supply from traditional electrical networks to more sustainable and environmentally friendly operations.
The article deals with theoretical and methodological approaches that reveal the essence of the Smart
Grid concept, and analyzes the main areas of investment in such technologies. It is underlined that to
ensure energy security and environmental sustainability of energy supply sector the generation of electric
power should be based on the use of renewable energy sources. The long-run sustainability of energy
sector in climate change conditions is guaranteed by forming deep links between renewable energy
generation and Smart Grid technologies. The paper discusses the main factors which may influence the
Smart Grid technology development. The investments in renewable energy are named to be the most
important factor of Smart Grid technology development. The lack of investments is considered to be an
important factor of poor energy efficiency in developing economies. In addition, the article focuses on
European experience regarding the implementation of smart and safe energy systems based on renewable
energy sources. It is underlined the best EU counties experience for Smart Grid technology development
based on investments in renewable energy sector.
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Introduction. The demand for energy and related services to ensure socio-economic
development and population well-being is steadily growing. The society needs the energy to
meet basic human needs (e.g., lighting, cooking, spatial comfort, movement, and
communication) and to serve production processes. Considering that, the global use of
traditional energy sources is steadily growing. The traditional energy sources are dominant in
the electricity supply and often related to the deterioration of the environment. Therefore, it is
relevant to consider smart and safe energy technologies such as the Smart Grid. Smart and
secure power grids today are seen as technologies that facilitate the transition of the energy
system from traditional electrical networks to more sustainable and environmentally friendly
operations. However, there are contradictions in the scientific community regarding the
introduction of such technologies and the possibilities of ensuring energy security and justice.
This article analyses theoretical and methodological approaches to defining the concept of a
Smart Grid, and also discusses the main areas of investment in such technologies.
Additionally, the article focuses on European experience regarding the implementation of
smart and safe energy systems.

Analysis of the recent publications. The practical measures to improve energy efficiency
and changes in consumer behaviour patterns are the main factors contributing to renewable
energy sources and Smart Grid over the past few decades. The other factors contributing to
this improvement include: changes in the economic structure of the country, increasing
activity in less energy intensive industries, constructive changes that stimulate technological
advances of renewable energy products, migration of the population to warmer countries.

The peculiarities of the Smart Grid technology development, as well as best available
technologies are analysed in works by many Ukrainian and foreign scientists. Thus,
Farhangi H. [1], Hossaina M. et al. [2], Tuballaa M., Abundob M. [3] studied the role of smart
grid in the renewable energy and analysed the Smart Grid offers as a sustainable technology
(generation and microgrids) which can help to use energy resources more efficiently. At the
same time Qian Sun et al. [4], Kappagantu R. et al [5] have estimated the current situation of
Smart Grid implementation with an objective to implement smartness in the grid and to
increase its reliability, efficiency, customer satisfaction and power quality. Despite deep
research on this topic, the research of investments in renewable energy sector is still an
important scientific problem for determining the long-run sustainability of energy supply
sector through Smart grid technologies.

The purpose of article is research on theoretical and applied economic aspects of the Smart
Grid technology development. The task of work: is research of investments influence in
renewable energy on the efficiency of Smart Grid technology application in developed and
developing economies.

Research results. Global use of traditional non-renewable energy sources is dominant in
electricity supply and can lead to environmental degradation. Recent data confirm that fossil
fuel consumption accounts for the most of global greenhouse gas emissions of anthropogenic
origin. Taking into account the consequences of the impact on the environment and the policy
of ensuring energy efficiency in the field of communication technologies, the distribution of
electricity systems have to become more environmentally friendly. According to the report
[6], the Smart Grids platform is defined as an intelligent power system that integrates the
actions of all consumers, generates energy and efficiently supplies sustainable, cost-effective
and safe electricity. Similar definitions of Smart Grids as smart energy systems are also
discussed in the report [7]. In this case, smart grids — Smart Grids are presented to energy
consumers as smart grids capable of generating electricity.

H. Farhangi (2017) identified the smart grid as a new capacity that can provide electrical
services with new opportunities, such as management, communication with energy consumers,
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and the integration of renewable energy sources. According to this approach, the smart grid
will allow energy enterprises to organize work on energy supply more efficiently and at the
same time make capital expenditures at the expense of energy saving to increase the operating
efficiency of using renewable energy sources [1].

In our opinion, the use of Smart Grid technology as a smart and safe energy network
makes it possible to consider various types of energy into electricity at industrial facilities. But
to ensure energy security and environmental sustainability, generation of power based on the
use of renewable energy sources should be considered. Thus, according to the World Bank
estimates and data from the Organization for Economic Cooperation and Development
(OECD), countries that have high rates of production and consumption of renewable energy
sources stand out (Table 1).

Table 1
Production and consumption of energy from renewable sources
by OECD member countries, 2014-2015
Country 2014 2015
Renewable | Renewable | Electricity | Renewable | Renewable | Electricity
energy electricity | production energy electricity | production
consump- output (% from consump- output (% from
tion (% of total renewable tion (% of total renewable
of total electricity sources, of total electricity sources,
final output) excluding final output) excluding
energy hydro- energy hydro-
consump- electric (% | consump- electric (%
tion) of total) tion) of total)
Australia 9.28 14.9 7.50 9.18 13.64 8.34
Belgium 9.07 17.08 16.67 9.20 20.80 20.34
Canada 22.02 62.82 5.57 22.03 63.01 6.27
Chile 26.71 42.41 10.13 24.88 43.69 11.93
Finland 41.23 38.58 18.91 43.24 44.49 20.05
Germany 13.38 26.13 22.98 1421 29.23 26.27
Hungary 15.67 10.68 9.66 15.56 10.58 9.81
Israel 3.68 1.51 1.49 3.71 1.89 1.85
Japan 5.63 14.06 6.30 6.29 15.98 7.76
Mexico 6.88 20.94 15.28 9.03 32.38 24.94
New 5.66 11.32 11.21 5.89 12.44 12.36
Zealand
Norway 30.32 79.20 2331 30.79 80.08 24.58
Poland 57.19 97.66 1.75 57.77 97.71 1.88
Portugal 11.57 12.52 11.14 11.91 13.80 12.69
South Korea 22.30 38.52 3.02 20.88 29.39 3.69
Sweden 49.69 55.84 14.31 53.25 63.26 16.75
UK 7.39 19.26 17.51 8.71 24.84 22.97
USA 8.75 12.95 6.90 8.72 13.22 7.39

Adapted from [8].

For many countries, such as the USA, China, Brazil, Canada, and Germany energy
conversion based on renewable energy sources is an essential component of energy supply.
Thus, the fraction of renewable energy in total energy production in Germany is 33.1 percent.
In other words, in 2017, a third of electricity in Germany was produced from wind, biomass,
the sun, and hydroelectric power plants. In 2016, this figure was 29 percent. Without doubt,
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the attractiveness of renewable energy sources is its visibility, inexhaustibility, environmental
friendliness, and independence from the price situation on world markets of traditional energy
sources. Also, the UN Environment Program noted that alternative energy sources accounted
for 60 % of the growth of energy potential in Europe and more than 50 % in the United States.
Thus, global investment in renewable energy in 2017 reached $ 279.8 billion, which is 2 %
higher than in 2016, even though the cost of wind and solar power has decreased. Investments
in renewable energy in developed countries in 2017 decreased by 19 %. Besides, investment
has declined in two leading countries, the United States and Japan, as well as in leading
European countries, Germany and the United Kingdom. According to the German Association
of Energy and Water Management, Germany plans to build and commission 76 power plants
with a total capacity of 38 thousand MW by 2020. Also, in September 2017, the governments
of the coastal federal lands, business associations and trade unions appealed to the German
government to allow the installation of wind generators with a total capacity of 20 gigawatts in
the territorial waters of the country until 2030, with a subsequent increase in the limit by 2035
to 30 gigawatts. For comparison: the power of each of the seven German nuclear power plants
still in operation is about 1.3-1.5 GW.

According to the report by IEEFA (Institute of Energy Economics and Financial Analysis),
China is on its way to becoming the leading international investor in renewable energy,
because in recent years, it has increasingly invested in green projects in other countries.

It should be noted that the countries of the European Union, the USA and Ukraine have
certain contradictions and problems of primary energy reduction and implementation of
energy efficient measures. However, at the legislative level, all countries are trying to
formulate goals for increasing energy efficiency and disseminating energy efficiency
experience at the international level.

The China has spent almost $ 45 billion on clean energy. China has exported solar panels
for $ 8 billion, which is significantly higher than Germany and the United States. [9]. China
also plans to invest 361 billion US dollars in renewable energy sources by 2020. Besides, as
part of this plan, it is planned to create 13 million jobs in the energy sector and increase the
fraction of renewable sources in total electricity generation to 15 percent, which is equivalent
to 580 million tons of coal.

Also, a significant increase in investment was provided by developing countries: Mexico,
Egypt, the United Arab Emirates, and Argentina [10]. It is assumed that renewable energy in
the UAE is a real opportunity to ensure the long-run energy independence of the state. Thus,
in 2015, the construction of a solar power plant began in Dubai. The presence of such a large
project, according to experts, will attract the attention of investors from around the world to
the national alternative energy in the UAE. Also, by 2030, 5 % of all energy in the United
Arab Emirates will come from solar panels. Today, the state finances large-scale projects from
alternative energy sources around the world, actively lending to the construction of renewable
energy facilities in Iran, Mauritania, Argentina, Cuba, and St. Vincent Islands [9].

Thus, according to the results of 2017, global investments in the production of renewable
energy, not including hydroelectric power plants, amounted to $ 279.8 billion. The fraction of
total investment in the development of solar energy was 57 %, which is about $ 160.8 billion,
and increased by 18 % compared with 2016. This figure exceeds the volume of investments in
gas and coal-fired capacity by about 103 billion US dollars. More than half of all solar power
plants are in China. Also, participating countries using solar cells are Australia, Mexico, and
Sweden [11] (Fig. 1).

According to experts, investments in renewable energy in the US in 2016 accounted for
$ 56.9 billion, becoming the second largest investor in “clean” energy. However, in 2017, the
United States spent $40.5 billion, while demonstrating a slight decrease in investment.
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Besides, in 2017, significant investments in renewable energy sources were made by Australia
(increased by 150 % to 8.5 billion dollars) and Mexico (increased by 516 % to 6 billion
dollars) [12].
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Figure 1. Renewable energy investments in 2017, billon $ [build by authors using data 10]

At the same time, global solar energy showed an extraordinary result — 161 billion US
dollars were invested in the sector (48 % of the total investment). Thus, China, in which
investments in solar energy grew by 58 %, according to BNEF, put into operation 53 GW of
solar power plants (against 30 GW in 2016) [13].

However, UNEP experts in the Global Energy Investment Trends Report, prepared by the
United Nations Environment Program, report a reduction in investments in renewable energy,
for example, investments in the United States decreased by six percent to $ 40.5 billion. At the
same time, there was a decline in investment in VEI in European markets. In Europe, the
volume of such investments fell by 36 % to $ 40.9 billion. For example, in the UK they fell by
almost half (by 65 % to $ 7.6 billion) and in Germany (by 35 % to $ 10.4 billion). In general,
in the European market, investments in clean energy declined by 26 % — to 57.4 billion
dollars, in the USA they have kept it at about the same level for the last three years.
Investments in renewable energy in Japan decreased by 28 % to $ 13.4 billion [12, 13]. But,
despite these arguments, UNEP experts point to a positive future trend in the growth of
investment in VEI. In the period from 2007 to 2017, the RES projects received an investment
of $ 2.7 trillion. Thus, the world has seen an increase from 5.2 % to 12.1 % of the fraction of
electricity produced using wind energy, solar panels, waste, geothermal sources, sea waves,
and small hydro objects.

Conclusions. Renewable energy sources and their integration into the existing system
remain a main challenge for energy policy promotion both at developed and developing
economies. Therefore, the expansion of electricity grids and the development of appropriate
storage facilities are the basis for the successful integration of renewable energy sources into
the Smart grids. Thus, for 2017 in Europe, 73.4 % of investments in the electric power
industry accounted for renewable energy sources. It is also predicted that renewable energy
will attract $ 7.8 trillion of investments by 2040. In Europe, renewable energy will cover 70 %
of needs by 2040, in the USA — 44 %. Also, according to the long-term forecasts of
Bloomberg New Energy Finance (2017), the share of wind and solar power generation in the
global energy basket is expected to increase sixfold by 2040 and exceed all other forms of
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rgy [14, 15]. The use and distribution of renewable energy sources in the smart grid system

provided about 6 % of new connections to electricity throughout the world from 2012 to 2016.
In some countries, smart grids play a crucial role in meeting the energy needs and livelihoods
of millions of people living in rural and remote areas of the world.

Definitely the attractiveness of renewable energy sources is guaranteed by its

inexhaustibility, environmental friendliness, independence from volatilities on global

eco

10.

11.

12.

13

14.

15.

102

nomic markets and independence from traditional energy sources markets.
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CoBpeMEHHBI 3Talm  Pa3BUTHS JKOHOMHYECKHX OTHOIICHMH MpeIyCMaTPHBAeT IOBBINICHHUE
3¢ PEKTUBHOCTH MPOU3BOICTBEHHBIX MPOIECCOB U O0YCIOBIMBAET NOTPEOHOCTH B SHEPTrOOOECIIEYCHUH.
IIpu 5TOM rNOGaNEHOE WCIIOIBb30BAHHE TPAIMIMOHHBIX HCTOYHHKOB SHEPIMH HEYKIOHHO pacTeT U
SIBIISIETCS, 110 CYTH, JOMHHUPYIOIMUM. YUNTHIBasI JOBOJBI YIEHBIX OTHOCHUTENBHO YXYAIICHHS KadecTBa
OKpYXalomel cpexsl MW TpoOieM, CBA3aHHBIX C H3MEHEHHEM KIHMMara, AaKTyalbHBIM SBIISETCS
paccMOTpeHHe M BHEJPEHUE YMHBIX M 0€30MacHBIX SHEPTeTHYECKUX TEXHOJOI Ui, Takux kak Smart Grid.
VYMHBIe M 0e30macHble 3JIEKTPOCETH Ha CETOAHSIIHMI JeHb DPacCMaTPUBAIOTCS KaK TEXHOJOTHH,
CIOCOOCTBYIOIINE NTEPEXOAY CHCTEMBI OT TPAJHUIIHOHHBIX JIIEKTPUIECKHX ceTeil Kk Ooee yCTOHIMBEIM 1
9KOJIOTHYECKH OE30MacHBIM CHCTEMaM. B cTaThe pacCMOTPEHBI TEOPETHYHO-METOANYECKHE IMOJIXOMBI,
KOTOpBIE PaCKpPBIBAIOT CYIIHOCTH KoHHenuuu Smart Grid, a Taxke NpoaHaIM3MPOBAaHBI OCHOBHBIE
HAIpaBJICHNs] WHBECTHPOBAHUS B IOJOOHBIC TeXHONOTHH. [lomuepkmBaercs, 4TO AN OOecHedeHHUst
JHEPreTHYeCKOH OE30MacHOCTH M 9KOJOTHMYECKOW YCTOHYMBOCTH CEKTOpa 9SHEprocHa0KeHHs
MIPOM3BOJCTBO  DJIEKTPOIHEPTHU JIOJDKHO OCHOBBIBATHCS HA  HCIOJNB30BaHMH  BO30OHOBISIEMBIX
HCTOYHUKOB SHEPTHH. JloITOoCpOdHas yCTOHYMBOCTD YHEPTETHIECKOTO CEKTOPa B YCIOBHUSIX M3MEHECHUS
KIMMaTa TapaHTupyercss ImyTeM (OpPMUpPOBaHMS TDIIyOOKHX CBs3eil MeXIy HpPOU3BOICTBOM
BO30OHOBIIsIeMON dHepruu M TexHonorusMu Smart Grid. B crathe paccMaTpuBarOTCS OCHOBHbBIC
(daxkTopsl, KOTOpBIE MOTYT MOBIUATH Ha pasButue TexHosormu Smart Grid. MeBectnmmm B
BO300HOBIISIEMYIO SHEPTUIO Ha3BaHbl Hanbosee BaKHBIM (aKTOpoM pa3BuTHs TexHomoruu Smart Grid.
OTCyTCTBHE HMHBECTHLMH CUYMTACTCS BaXHBIM (DAKTOPOM HU3KOH 2HEprodpGeKTUBHOCTH B
pa3BHBarOmUXCs cTpaHaXx. Kpome Toro, craTbs IIOCBAIIEHA €BPONEHCKOMY OIBITY BHEAPEHHS
MHTEJUICKTYaIbHBIX U 0€30MacHbIX YHEPreTHYECKUX CHCTEM Ha OCHOBE BO30OHOBISIEMBIX MCTOYHHKOB
snepruu. [ToguepkuBaercs ayumuii onslT ctpan EC mo passuturo texnonoruit Smart Grid Ha ocHOBe
WHBECTUINH B CEKTOP BO30OHOBIISIEMBIX HCTOUHHKOB YHEPTUH.

Kniouesvie  cnosa: Smart Grid, BHYTpeHHSII DHEpreTHKa, JSKOHOMHYECKHH  IIpoIiecc,
sHeprocOepexeHne, SKOHOMIIECKask IIOMOIIb, 3PPEKTHBHOCTD, HHBECTHIIHS.
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CydacHHH eTam pPO3BUTKY €KOHOMIUHMX BIJHOCHH Tiepen0avyae MiABHIOICHHS e(QEKTUBHOCTL
BUPOOHMYMX TMpoleciB i 00yMOBIIOe TOTpeOM B eHepro3abesneuyeHHi. [Ipu 1mpomy rinobanbHe
BUKOPUCTAHHS TPAAULIIHHUX JDKepes eHepril HeyXHIBHO 3pOCTAE i €, 1o CyTi, JOMIHYIOYHM. 3 OIJIsiAy Ha
JIOBOAM BUEHHX HIOAO MOTIpHIEHHS SKOCTI HABKOJIMIIHHOTO CEPEHOBHINA i MpOoOJieM, TOB'I3aHHUX 31
3MIHOIO KIJIIMaTy, aKTyalbHHM € PO3IJISA 1 BIPOBA/DKEHHS PO3YMHUX i OE3MEYHHX EHEepreTHYHHX
TexHosori, Takux sk Smart Grid. Po3ymHi i Ge3meuHi enekTpoMepexi Ha CHOTOIHINIHIN JEHb
PO3MIIAAIOTHCS SIK TEXHOJOTIT, IO CHPHUSIOTh IMEPEeXOJy CHEPreTHMYHOI CHCTEMH BiJ TpaIuIliiHHX
CJIEKTPUYHUX MEPEeK N0 OLIBII CTIMKHMX 1 €KOJOTriYHO Oe3neyHnX. Y CTarTi PO3MNISTHYTI TEOPETHYHO-
METOAUYHI TiIX0/H, SIKi PO3KPHBAIOThH CYTHICTH KOHIenIii Smart Grid, a Tako» MpoaHati30BaHi OCHOBHI
HaNpsIMKH 1HBECTYBaHHS B MOMIOHI TexHOorTii. [limkpecmoeThes, mo s 3a0e3neueHHsT eHepreTHIHOT
0e3MeKr Ta eKOJIOTIYHO1 CTIMKOCTI €HepronocTayaHHs BHPOOHUIITBO EIEKTPOCHEPrii Mae 6azyBaTHCs Ha
BUKOPHUCTAHHI BiJJHOBJIOBaHHMX JpKeped eHepril. JJoBrocTpokoBa CTIHKICTh €HEPreTUYHOTrO CEKTOpY B
yMOBaxX 3MiHH KIIMaTy TapaHTYeTbCs (QOPMYyBaHHSIM TIHHOOKHX 3BSI3KIB MK BHPOOHHUIITBOM
BiTHOBITIOBaHOI eHeprii Ta TexHoxorismMu Smart Grid. ¥ crarTi 06rOBOPIOIOTECS OCHOBHI (hakTOpH, SIKi
MOXYTh BIUIMHYTH Ha DPO3BUTOK TexHosorii Smart Grid. IHBecTuuii y BiJHOBIIOBaHY €HEPreTHKY
Ha3BaHI HaWBaXUIMBIMIMM ()aKTOpOM pO3BHTKY TexHoyorii Smart Grid. BincyTnicTts iHBecTHIiit
BB@XAEThCS BAKIMBUM (DaKTOPOM HHU3BKOI eHeproe(eKTHBHOCTI B KpaiHaX, IO PO3BHBAIOTHCS. Kpim
TOTO, B CTaTTi PO3IIIAAETHCS €BPOIEHCHKUI JOCBIJ BIPOBADKCHHS IHTENEKTyalbHHX Ta OE3IMEeYHHX
CHEPreTUYHNX CHCTEM Ha OCHOBI BiJJHOBIIOBaHMX JKepen eHeprii. ITiAKpecToeThest HallKpaluii 10CBi
kpain €C st po3pobkm TexHonoriii Smart Grid Ha OCHOBI IHBECTHIIH y CEKTOp BiJHOBIIOBAHOI
CHEPreTHKH.

Knouosi cnosa: Smart Grid, BiJHOBIIOBaJbHA €HEPreTHKA, €KOHOMIYHHI IpOLEC, EHepProMepexa,
€HEePromnocTayanusi, ePeKTUBHICTh, IHBECTHUILIS.
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