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Urgency of the research. The issues of the use of re-
newable energy sources have the most active and positive
impact on resolving three global humanity issues: energy,
ecology, and food.

Target of setting. Against the backdrop of rapid increase of
population of the Earth and growth of world GDP, catastrophic
depletion of natural capital takes place. To avoid such negative
consequences is possible on condition of providing of global
sustainable development and use of alternative energy.

Actual scientific researches and issues analysis. In sci-
entific and expert communities the questions of the develop-
ment of RES are paid the most careful attention regardless of
their significance in the context of economy, ecology and energy
safety. There are many works of local scientists (O. M. Gudima,
D. V. Zerkalov, L. L. Tovagnyanski, S. B. Tulub, A. /. Shevzov,
A. K. Shidlovski, T. E. Yasnuk), who made a considerable scien-
tific contribution to development of RES.

Uninvestigated parts of general matters defining. Sta-
tistics of RES remains very fragmented and heterogeneous in
terms of the set of indexes and methods of their calculation.
Present researches on the development of RES as energy
efficiency tool, usually don’t touch a question of their compara-
tive cost and terms of implementation of new technologies.

The of research objective. The aim of the research is
profound study of financing of projects of use of RES, justifica-
tion of aggregated financial instruments, that help to overcome
certain investment barriers in the field of renewable energy.

The statement of basic materials. In the article it is justi-
fied that viability of projects of renewable energy sources
largely depends on market risks, that are the result of political
framework conditions and limited knowledge in terms of new
technologies, that is expressed in the increase of capital cost.

Conclusions. Tendencies require review of energy para-
digm, moving away from the system of domination of several
large energy supply objects to a lot of distributed energy sys-
tems, where consumer of electric power is a producer, and at
the same time identifies and controls by himself how and
where energy is consumed.
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®IHAHCYBAHHSA NMPOEKTIB
BUKOPUCTAHHSA BIQHOBJTIOBAHUX
IOKEPEN EHEPTII

AkmyanbHicmb memu OociokeHHs. [lumaHHsI 8uKo-
pucmaHHsi 8i0HOB/II08aHUX OXxepes eHepeil HalakmueHium |
1O3UMUBHUM YUHOM 8r/lugaomb Ha PileHHsT mpbOoX 2a/1o-
banbHuUx npobnem modcmea: eHepeemuka, eKornoaisi, npodo-
80/1CMEO.

MocmaHoeka npobnemu. Ha mni cmpimkoz2o 36inbuweH-
HS1 HacesleHHs1 3eMHOI Kyni i pocmy ceimosozo BBI1 gidby-
8aembCsl KamacmpogiyHe 8UCHaXeHHs NMPUPOoOHO20 Karlima-
ny. YHUKHYmMU makux He2amueHUX HacsioKie MOXueo 3a
ymosu 3abesnedyeHHs1 2106anbHO20 CMIlKO20 pPO3BUMKY i
8uUKopuUcMaHHsi HempaduuiliHoi eHepaemuku.

AHani3z ocmanHix docnidxeHb ma ny6nikayid. Y Hayko-
80OMY | €KCriepmHoMy criigmosapucmeax numaHHsIM pO38UMKY
BAE npudinsembcs HalnurnbHilua ysaea 36axaro4u Ha ix 3Ha-
yywjiicme 8 KOHMeKcmi eKOHOMIKU, eKkosoeil i eHepaobesmneku.
€ 6azamo pobim eimyusHsHux ydyeHux (O. M. [yduma,
[. B. 3epkanos, /1. /1. TosaxHsiHcbkul, C. 6. Tyny6, A. I. Lles-
uos, A. K. ludnoscekud, T. €. SHcHioK), wo eHecnu 3HayHull
Haykoeul 8HecoK 8 po3sumok B/E.

BudineHHsi HedocnideHUX 4YacmuH 3a2asibHoOi Mnpo-
6nemu. Cmamucmuka BAE 3anuwaembscs Oyxe hpasmeH-
mapHO i Pi3HOPIOHOK Mo Habopy NMoka3HUKIe i Memodukam ix
yucneHHs. HasigHi docnidxeHHs npo po3sumok BLE sk iH-
cmpymeHmy eHepaoeghekmueHoCi, SK rpaeusio, He 3auvina-
oMb MUMaHHs iX NopieHAHHOI eapmocmi i mepmiHie 8rpo-
8a0XXeHHST HOBUX mexHosoeill.

lNocmaHoeka 3aedaHHs1. Memoto docnioxeHHs1 € enubo-
Ke 8UBYEHHs1 (hiHaHCysaHHS1 npoekmie sukopucmarHs B/E,
06rpyHmMy8aHHs agpeeosaHux ¢hiHaHCOBUX iHCMPYMEHMI8, sKi
crpusitomb  1000NaHHI NesHUX iHeecmuuitiHux 6ap'epie &
cgbepy giBHoBM0BaHUX OXeperl eHepzil.

BuknadeHHs1 ocHoOeHO20 Mamepiany. B cmammi
06rpyHmosaHo, wo xumme3damHicmb MPoeKkmig 8iOHO8Io-
8aHuXx Oxepen eHepaii 3Ha4YHOK MIpOK0 3anexums 8i0 PUHKO-
8UX pU3UKi8, SIKi, y C8OI0 Yepay, € pe3ysbmamom MoMimuYHUX
pamKosux yMo8 i 0OMexXeH020 3HaHHS 8iOHOCHO HOBUX MeX-
Honoeil, Wo supaxaembcs 8 36inbWeHHI UiHu Karimary.

BucHoeku. PoszansHymi meHOeHUii eumazaromb  rie-
peansidy eHepeemu4Hoi napaduasmu, eidxody 8id cucmemu
OomiHysaHHs1 OeKinbKOX 8eflUKUX 06'ekmig eHepaornocmayvaH-
Ha 0o b6esniyi po3nodineHux eHepzocucmem, Oe crioxusay
enekmpoeHepeaii 00HOYacHo € 8UPOBHUKOM, i Mpu YbOoMy cam
8u3Hayae | KOHMPOJIIoE, SK | Oe CroXUBaEMbCsl eHepais.

Knroyoei cnoea: eioHosnosaHi Oxeperna eHepeii, arnb-
mepHamusHa eHepaemuka; KpayoghaHOUHe; efnleKmpoeHep-
2isl; eHepaemuka; COHsIYHUU ri3uHe; 3esneHi obrieayji.
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Urgency of the research. The issues of use of renewable energy sources (RES) are actual for all
countries of the world due to different circumstances. For industrially developed countries of the world,
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dependent on import of fuels and energy resources (FER) - this is, first of all, energy safety. For indus-
trially developed countries of the world, rich in energy resources, it is ecological safety, conquest of
markets outlet for equipment.

For countries that develop, this is the fastest way to improve social and living conditions of the
population, possibility of industry development in environmentally acceptable way. And for the world, it
is opportunity to reduce greenhouse gas emissions and avoid global energy and economic crisis in the
near future. RES is not alternative to existing energy, it is energy of not so distant future.

However, energy is not confined to the role of RES. They have the most active and positive impact
on resolving three global humanity issues: energy, ecology, and food. Naturally enough, in the whole
world, scientific researches are carried out in all types of renewable energy sources. In different coun-
tries the level of financing of scientific works on renewable energy is from 10 to 30 % from the amount
of financing of works on energy [1].

Target setting. Actuality of research topic is related to general tendencies and issues of world
economy, in particular, its financial system in the context of ensuring global sustainable development.
Against the backdrop of the rapid increase of population of the Earth and growth of world GDP, cata-
strophic depletion of natural capital takes place. All of these according to UN predictions, can lead to
reformation of world economy taking into account profound social, economic and ecological changes.
To avoid such negative consequences is possible on condition of providing global sustainable devel-
opment and use of alternative energy.

Actual scientific researches and issues analysis. Significant contribution in the research of pre-
sent state and prospects of development, as energy of Ukraine on the whole and renewable in particu-
lar, has made O. M. Gudima, D. V. Zerkalov, L. L. Tovagnyanski, S. B. Tulub, A. |. Shevzov,
A. K. Shidlovski, T. E. Yasnuk.

In scientific and expert communities the questions of the development of RES are paid the most
careful attention regardless of their significance in the context of economy, ecology and energy safety
There are many works of scientists of neighboring CIS countries (Bezrukih P. P., Elistratov V. V., Ka-
nugin P. S., Osadchi G. B.) as well as foreign scientists (Autken D., Gubbins D., Sorensen B.,
Cher G.) who made a considerable scientific contribution to development of RES.

Uninvestigated parts of general matter defining. Additional investigation of questions of projects
financing of RES, macroeconomic effects of development of RES, government control having regard
to influence of economic problems and risks in this field in recent are needed. In addition, in the pres-
ence of a number of researches on certain types of RES, there are very few works on economic anal-
ysis and mechanisms of development of RES in the European Union with presentation of critical as-
sessments, as well as on the possible use of EU experience in Ukraine. Statistics of RES remains very
fragmented and heterogeneous in terms of the set of indexes and methods of their calculation.

Present researches on the development of RES as energy efficiency tool, usually don’t touch a
guestion of their comparative cost and terms of implementation of new technologies.

The research objective. The aim of the research is profound study of financing of projects of use
of RES, justification of aggregated financial instruments, that help to overcome certain investment bar-
riers in the field of renewable energy, identify problems of state support for renewable energy projects
and ways to solve them.

The statement of basic materials. Viability of projects of RES largely depends on market risks,
that are the result of political framework conditions and limited knowledge in terms of new technolo-
gies, that is expressed in the increase of capital cost. As compared to the objects of traditional genera-
tion, in the projects of RES large ratio of primary capital expenditure to operational, that makes them
very sensitive to capital cost. According to IRENA (International Renewable Energy Agency), the nor-
malized rationalized cost of windpower generation increases by approximately 60%, with capital cost
growth from 5.5% to 14.5% [1]. Relative impact on capital cost will grow, as fast as technology cost will
fall. As an example, the expenditures of network photovoltaic solar power plant in the life cycle (Fig. 1)
can be illustrated [2].
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Fig. 1. Data of network photovoltaic solar power plant in the life cycle

Depending on the expected cash flows of the project and included risks, for most RES projects in
developed markets, capital cost is 6 - 10%; in developing markets, this index is still higher. To finance
RES projects, new financial instruments are created that are suitable for a variety of investment portfo-
lios, - from small financial community to large investment funds. Hence, big business from traditional
energy sector invests more in RES. As markets and technologies become more mature, projects of
RES attract more investors: from private investment firms, developers and governments, to commer-
cial banks and institutional investors (Fig. 2) [3].

Main volume of financing RES projects comes from private investor: developers, commercial banks
and institutional investors. With the development of markets, private financing is growing, however, in
young emerging markets of RES, state financing and international cooperation plays an extraordinarily
important role. International financial institutions and banks of development in 2012 increased financ-
ing of projects of RES to $60 billion [4].

Developers, venture funds, government grants
Commercial banks, bilateral institutes

Financing in early stage,
small projects, including
demonstration of

projects (return of 8%) Increase of amount of prov- Institutional investors
Aim < USD 50 m en technologies, scales of
projects

Aim: USD 50-500 m Refinancing of projects, demonstration of real-
ized projects USD 100 m+

Fig. 2. Change of investment in the course of technologies development and increase of market maturity

Most of these facilities were allocated by national, interregional and bilateral financial institutions of
development, which are coordinated by the International Development Finance Club. A great number
of RES projects were financed by Climate Investment Fund and Green Climate Fund, that were creat-
ed on the initiative of World Bank and regional banks of development. The activities of Green Climate
Fund as well as of funds of climate investments are primarily aimed at stimulation of additional private
investments. It is necessary, that state financing will not drive out private investor. For this purpose, it
is necessary to develop new forms of agreements and financial instruments, so that concessionary
state financing would be focused on reducing the risks that prevent private financing. It would stimu-
late big investor to enter the market of RES. It should be noted that institutional investors are getting
increasingly concerned about the risks related to fossil fuel. In the end of 2013 coalition of 70 inves-
tors, the total volume of investments of which is $3 trillion, called for the largest global power and en-
ergy companies to assess the risk of climate scenario (scenario of active actions against climate
change) in relation to basic scenario of development [5]. In case of strengthening of climate policy,
RES projects are becoming more favorable alternative in relation to projects of traditional energy for
investor. Stable, reliable and long-term framework conditions for functioning of power generating in-
dustry and state credit are key success prerequisites on reduction of risk for investors in RES projects.
Good example of it is a station of concentrated solar energy of 500 MW in Morocco, that is the biggest
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solar power station of concentrated type in the world. First 120 — 160 MW of power was put into opera-
tion in 2015, the first block of this power station was launched in 2016. The project is unigue in its na-
ture, as several investors have joined together with the government and international financial institu-
tions, which have focused their efforts on reducing risks [6]. National support of projects of renewable
energy that is accompanied by demonstration of real projects with the moderate level of risk and prof-
itableness, and also establishment of state goals on increasing the shares of RES in national energy
balance with corresponding reflection of it in national long-term strategies can be an impulse for at-
tracting new investors to the field. Government also can integrate ecological imperatives in credit and
monetary policy, getting additional financial resources for the development of RES. Such practices are
already widespread in the world: Bank of Japan, for example, has established lower rate than one
percent for internal banks with the purpose of crediting «green» industries of economy. At international
level, integration of «ecological imperatives» to requirements of capital in the Basel Accords could
provide additional liquidity to RES sector. In developing countries financing of projects of RES also
has changed dramatically, in several stages: from the banks of development in 1990 — 2000, state
financing in 2000, to mainly commercial financing today. Previously, developers had to apply for fi-
nancing to traditional institutions of development, such as World Bank, European Investment Bank or
Asian Bank of development, but now, in economics with relatively mature market of RES, proprietors
of projects more often can receive necessary financing in independent commercial financial institu-
tions often even local. Investors by their nature tend to invest capital in assets that they know well,
accordingly, the degree of «awareness» of investor in relation to one or another financial instrument
determines the degree of risk for him greatly. RES are new participants in the market of financial as-
sets, and they can attract investors by means of integration in financial instruments of other sectors, in
particular. Such hybrid instruments exist in all levels: from local public projects to Renewable Energy
Platform for Institutional Investors, organized by the European Investment Bank.

New aggregated instruments help to overcome certain investment barriers, such as, insufficient
scale of project (project is too small for institutional investor), lack of quality information, unreliability of
developer. It is necessary to distinguish three of such instruments:

1) green infrastructural bonds;

2) crowdfunding;

3) popular financing and solar leasing.

Green bonds are bonds that are provided by assets of corporate bonds issued to refinance the
functioning of RES infrastructure, thus freeing up the developer's capital for further projects. Green
bonds allow investor to get access to capital market with fixed income (bond market). Green bonds
have been on the market for a long time, but until recently they did not have a high demand from in-
vestors. However now, as a result of rapid growth of RES sector, the picture has changed dramatical-
ly. The number of projects, that are suitable for financing by green bonds, as well as the number of
organizations that are ready to issue them, has increased.

The basis of crowdfunding is the principle, which is absolutely opposite to green bonds. Here there
are a lot of investors, including ordinary people, who can finance decentralized and cooperative RES
projects. One of the most successful projects of crowdfunding is leader of American market Mosaic.
Crowdfunding or popular financing was originally created to finance innovative creative projects with-
out any financial income. However, later on, innovative companies began to allow a great number of
investors to buy small shares of capital in RES projects. This principle is the basis of crowdfunding in
its present sense. Crowdfunding tends to reduce the cost of capital for investor, including countries
that develop. The pioneer of popular financing was nonprofit organization (NKO) of Kiva, that has al-
ready directed over $ 60 million of loans to small enterprises in 78 countries. Similar organizations
could invest globally, that would allow to finance specific projects on markets, for which access to capi-
tal is limited for some reasons.

The principle of solar leasing lies in the fact that solar panels for roofs are owned, used and dis-
posed of by third parties, while the equipment proprietor receives corresponding reward in the form of
reduction in electricity bill or direct payments. It gives cheaper electricity to proprietor of equipment,
without the need for large investments. The proprietors of panels get their profit through mechanisms

- 111

Shkrabak I. V., Riazanova N. O. Financing of projects of use of renewable

energy sources [G) ev-ne |



HaykoBuii BicHuk Moniccst Ne 1 (13), 4. 1, 2018 Scientific bulletin of Polissia Ne 1 (13), P. 1, 2018

EKOHOMIKA TA YTIPABJIIHHA HALIOHAJIBHUM rOCIIO4APCTBOM

of political stimulation and sale of electric power. This mechanism of financing was successful in the
USA, and also in Italy and Bangladesh.

The question of adaption of state support level to changing market conditions is of great interest. The
degree of maturity of RES market determines the level and form of state support. As the cost of technol-
ogies falls, there is a reduction of the cost of RES-generators, and, accordingly, their need for external
help. Thus, financial support that is needed for stimulating new RES projects, should be gradually re-
duced, that eventually, should decrease loading on taxpayers and superprofits of proprietors of projects.
However, as it was already mentioned, in young markets of RES, state financing remains the key condi-
tion of realization of RES projects [7]. The state policy of supporting RES firstly ensured the development
of industry at the expense of providing substantial financial benefits to investor. On many markets this
goal was reached: industry was developing headily, project expenditures were falling, what is more,
much faster than it was expected and predicted in government programs. There was a need to review
state policy and correct the amount of financial support that was allocated.

A number of governments of developed countries reacted by sharp reduction of subsidization or
abolished subsidies and tax allowance. All of it destabilized local markets greatly: private investors
rushed to complete projects before changes in rules. Destabilization took place on international mar-
ket, since project developers did not know how big this reduction in subsidies would be, and which
countries would follow this course. It should be noted that fall of expenditures and gradual reduction of
direct financial support is in favor of industry development. If state financing is stopped in the planned
order, that is clearly predicted and declared by government, this is the guarantee of stability of market
of RES and expenditure fall, since such clear policy does not create new risks.

As market of RES grows, and technologies become more and more competitive, honmonetary
forms of government support starts to prevail, which may include special measures of reducing in-
vestment risks, protection of intellectual property, priority access to networks, changes in tax legal
framework, development of educational programs and introduction of special industrial standards.
These measures must be long-term, moreover, they should not be sensitive to budgetary movements.
A good example of such non-monetary stimulation is national policy of support of RES in Malaysia,
which, together with establishment of green tariff, as the priority goals of its program distinguishes
R&D and human capital development.

It should also be noted that reduction or abolition of fuel subsidies in power generating industry
would have beneficial effect on the development of the RES sector, by creating strong market signals
and strengthening of competitiveness of RES.

In addition, abolition of fuel subsidizing could free up a large number of facilities that can be redi-
rected to the development of RES. The fact that traditional fuel power generators do not include in its
factory expense air pollution and environmental damage is also a hidden form of subsidization that
indirectly impedes the development of RES.

Regulatory mistakes, as well as excessive suggestion of emission quotas, have led to the fact that
the price for CO2 is now unjustifiably low and, in order to bring it to adequate level, there is a need of
agreed international policy and a strong lobby of REE.

It is necessary to pay special attention to the impact of RES on prices on markets of markets of
electric energy. Before liberalization of market of electric energy in Europe, production and sale of
electric energy to ultimate customer was carried out by several small generating companies. Function-
ing of industry was very much opaque, measure of monopolization was big, and price was much high-
er than competitive level. To promote competitive pricing in the industry, exchanges were established.
The first European exchange of electric energy was found in the Scandinavian region in 1993. Other
European exchanges appeared after 1999 (1999 Amsterdam Power Exchange (APE), 2001 die of En-
ergy Exchange Austria (EXA)) [8]. At these exchanges the product «electric energy» is traded in two
main segments: the long-term and short-term (spot) market. In the long-term market agreements (con-
tracts) are concluded for several years. Thus, a wholesale customer can now buy electric energy for
the next six years. In the spot market, electric energy is traded, supply and consumption of which will
occur during the day [9].
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Due to limited electric energy transmission capacity, there is still no single electric energy market in
Europe, but trade is not limited to national boundaries of states. There are seven European market
zones that unite electric energy systems of several countries. Accordingly, for every zone there is its
exchange. Since 2008, the level of prices in these markets and their dynamics are similar [10]. The
basis of pricing in the local electric energy market is classical supply and demand mechanism. Since
the spot market is short-term, variable costs play the determining role for generating companies. Until
the price is higher than variable costs, market participants have economic interest in using their gen-
erating capacity.

As variable costs of the morally and physically obsolete power stations have always been especial-
ly big, electro-generating companies, which operate on the newest factories, receive maximum profit
when demand is especially high and when variable costs of old power stations are price-determining.
At low power demand old power stations will not work because price is too low to cover their variable
costs. At the same time, power stations that are used at low demand have small marginal profit [11].
As it is known, variable costs of many RES technologies is practically zero, because the sun and the
wind we get for free [12]. In order to support renewable energy producers, in many countries electric
energy that is generated on the basis of RES has the privileged status: it enters the network, is re-
ceived and consumed first of all.

Conclusions. As the share of RES in the energy balance grows, the structure of power generating
industry undergoes substantial changes. The field, which was made up of big objects of centralized
energy supply, is becoming more and more decentralized, heterogeneous, dispersed.

In Germany, almost half of all RES generating objects of RES are in property of households and
farmers, and only 12% of RES assets are managed by big energy companies directly. New technolo-
gies of energy conservation and so-called "intelligent" technologies (smart) of demand-oriented man-
agement of energy consumption are developing. In many emerging markets, autonomous and mini
energy systems of RES have already been main source of electricity. Thus, many developing coun-
tries, where formation of energy systems is just beginning, have the opportunity to jump over the de-
velopment of centralized energy supply systems and immediately create flexible decentralized system
of mini-energy supply. These and other tendencies require the review of energy paradigm, moving
away from the system of domination of several large energy supply objects to a lot of distributed pow-
er systems, where consumer of electric energy is simultaneously a producer, and at the same time
identifies and controls by himself how and where energy is consumed. The state can do a lot to devel-
op new energy paradigm, as well as, on the contrary, to support and preserve the old centralized
model. Investors in technology of RES need stable and predictable framework conditions. They also
need unified rules of the game, including the reduction of subsidies for fuel energy

In addition, investor needs new electric energy transmission infrastructure, which would allow to
take advantage of the synergy of different types of RES. The new energy supply paradigm means that
governments should realize and admit the full range of benefits and advantages from development of
RES in all possible areas: it is care of population health, development of rural and isolated regions,
energy safety and import substitution of fossil fuels. Current changes create potential for new industrial
revolution, creation of new energy system based on renewable energy.
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