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Formation of state support economic
mechanism for solid biofuel producers

The purpose of the article is to analyze the current state of the solid biofuels market, evaluate functionality and de-
velop an appropriate economic mechanism for its development.

Research methodology was based on the general theoretical methods of scientific knowledge, including the fundamen-
tal economic principles of the development of energy resources market, highlighted in the works of domestic and foreign
scientists. In the research have been used the calculation-analytical and abstract-logical scientific methods, modeling and
generalization.

Research results of the production and sale of solid biofuels and the prospects for further development have been pre-
sented. There have been determined that the current state of the market supply of thermal energy provides rapid transi-
tion to alternative fuels, but their production is complicated due to the current economic situation.

Elements of scientific novelty. The concept for forming an economic mechanism of stimulation for solid biomass pro-
ducers has been developed and proposed a formula for determining the volume of financial support (eco-compensation).

Practical significance. The importance of introducing state support for producers of alternative fuels at the present
stage of socio-economic development of Ukraine has been substantiated. Tabl.: 2. Figs.: 2. Refs.: 12.
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Scientific problem. The need to reduce
greenhouse gas emissions to the atmosphere
while simultaneously covering the total de-
mand for energy became almost the most im-
portant global problem in the twenty-first
century. Today, the annual CO; emissions are
about 8 billion tons, and only half of it is ab-
sorbed by the ecosystem of our planet. The
rest is accumulated in the atmosphere and
contributes to the process of global warming.
As a result of an increase in the population on
Earth and rapid economic growth (especially
in developing countries), demand and energy
consumption in various sectors of the econo-
my continue to grow rapidly. Such tendencies,
together with the reduction of traditional
fuels stocks, motivate the search for new, al-
ternative ways of obtaining energy. This prob-
lem is especially acute for energy-dependent
countries, such as Ukraine.

The use of existing potential for the crea-
tion of bioenergy willow plantations would
significantly reduce the volume of natural gas
imports. In the conditions of the national
course on the rapid development of infra-
structure for the use of alternative fuels, it is
necessary to use modern approaches to devel-
op state support for producers of energy bio-
mass and to assess their economic efficiency.
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Analysis of recent researches and publi-
cations. Fundamental scientific and practical
research in the field of alternative fuels, solid
biomass energy in particular, and economic
efficiency studies were conducted by M. Roik,
V. Sinchenko, G. Geletukha, I. Slyusar, and
others [3, 8, 9, 10]. However, the issue of
state support for producers of energy biomass
(at bioenergy plantations) requires further
research.

The objective of the article - analysis of
the economic efficiency of state support for
biomass producers by introducing payments in
the form of eco-compensations.

Statement of the main results of the
study. Today, one of the largest consumers of
natural gas in our country is the TCE (“Tep-
locomunenergo”, network of state-owned
heat supply companies). So, in 2015, in dis-
trict heating systems of TCE 7.2 billion m? of
natural gas was consumed, and the amount of
produced thermal energy was 67.8 million
Gcal [3]. This situation at the heat supply
market has arisen as a result of improper
stimulation of the alternative fuels usage in
the TCE network for many years. Only in
March 2017 the Verkhovna Rada of Ukraine
first adopted a law that should make the pro-
duction of heat energy from alternative
sources cost-effective [7]. This law radically
changes the situation on the heat supply mar-
ket and will stimulate the development and
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expansion of heat-generating facilities (Heat-
only biomass boiler stations). However, the
document does not take into account the in-
terests of the biomass producers, as fuel sup-
pliers for these stations. In the media and the
Internet are often found ambitious plans of
foreign and domestic investors to develop
Ukrainian bioenergy, but, at the moment, it
may be possible that modern biomass boilers
will be built, but the biomass itself will not be
on the market, because its production is not
economically efficient. In previous studies, we
found that DPP (discounted payback period) of
the bioenergy willow plantation projects is
more than 19 years [9]. That is why the issue
of introducing a state aid mechanism for such
projects is so relevant.

As financial support at the initial stage of
creation of environmentally friendly fuel, it is
proposed to stimulate biomass producers in
the form of compensation and introduce the
term "eco-compensation”.

Eco-compensation - is a monetary payment
that is proposed to be provided to the compa-
ny that created the bioenergy plantation and
received the first crop of biomass. Such com-
pensation is available only for the first cycle
of growing bioenergy crops. Amount calculat-
ed according to the formula:

Gas import
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ECO = Fir x Qaco
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Qi - calorific value of traditional fuel (for
natural gas - 8300 kcal/m3, as the average for
the last 10 years in Ukraine according to NJSC
“Naftogaz of Ukraine”) [12].

Qeco - calorific value of sold ecologically
safe alternative fuel. For biomass in the form
of wood is determined by the Nadezhdin for-

mula:
Qocs = Qrae =20 2 I

Qv - higher heating value of sold biomass
(for willow - 4500 kcal/kg, according to the
data of Food and Agriculture Organization of
the United Nations) [2].

W - the percentage of moisture content of
the sold biomass.

P+ - the actual cost of traditional fuel
(natural gas) in Ukraine at the time of the bi-
omass selling.

Peco - cost of environmentally friendly al-
ternative fuel (biomass).

The feasibility of eco-compensation is ex-
plained by the eco-modern policy of import
substitution for the traditional energy re-
sources in Ukraine. The government should be
interested in supporting the domestic produc-
er of an alternative type of biofuel in an
amount that is at least directly proportional
to the cost of the replaced energy resource
(Figure 1).

'F&c'o

“TEPLOCOMUNENERGO”

Gas boiler station

Cost - Tariff for households

1 1
1 1
1 1
1 1
1 1
; i
1 1
i re- I
i l duc- !
i ton ! D
] !
] !
1 !
1 !
1 1
1 1
1 1
1 1
1 1

1520 UAH/Gcal

Biomass boiler station

Figure 1. Modern model of heat energy supply to the consumer, taking into account
eco-compensation

Source: author's own development using [1, 6, 7].
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Today, in the modern scheme of thermal
energy supply, biomass, obtained by plantation
method, has the same value as wood industry
waste, and this in turn affects the pricing. Pro-
posed incentive mechanism allows to compen-
sate the low cost of biofuel in accordance with
its energy value. Such an approach to stimulate
biofuel producers is effective at the expense of
the fact that the consumer of biomass (TCE
company) does not incur additional costs, but
only one time returns the difference in the
cost of gigacalorie (GCal) to the producer. Sub-
sequently, the following harvest of biomass
from this plantation will provide it with fuel at
a market price for at least 19 years.

The effectiveness of the proposed mecha-
nism was calculated and modeled on the ex-
ample of Panfily Research Station of NSC «In-
stitute of Agriculture NAAS» and heat-only
boiler station of "Kyiv-Svyatoshin heating net-
work” (running on natural gas).

Panfily Research Station is located at: Kyiv
region, Yagotin district, Panfily village. The
farm has about 200 hectares of drainable
peatlands, which are suitable for creation of
bioenergy plantations using the technology of
NSC "Institute of Agriculture NAAS". The ele-
ments of the technology were studied at the
test sites and used for creation of the planta-
tion with an area of 2 hectares.

The calculation of the investment return
terms for the project of plantation creation of
the bioenergy willow Salix triandra L was con-
ducted taking into account the following basic
indicators:

e Yield for 3rd year of vegetation -
70 t/ha (Panfils’ka variety)

e Rental fee for planting machinery - 5000
UAH/ha (according to the price of Salix Energy
LLC, June 2017)

e Rental fee for harvesting machinery -
8000 UAH/ha (according to the price of Salix
Energy LLC, June 2017)

e The cost of fuel - 22 UAH/liter (average
price for diesel fuel in Ukraine in 2017 accord-
ing to the financial portal - minfin.com.ua)

e The cost of planting material -
0,5 UAH/piece (according to the price of Pan-
fily Research Station, June 2017)

e Wages - 35 UAH/hour (the average hour-
ly payment in agriculture according to the
State Statistics Service for the period from
the beginning of the year in 2017)

e The cost of biomass - 300 UAH/t (average
price for wood chips with a humidity of 50%
according to the largest online trading plat-
forms Prom.ua, Olx.ua Ta All.biz, May 2017)

e The price of natural gas -
9500 UAH/1000m?3 (according to the price list
for natural gas from May 1, 2017 - according
to NJSC “Naftogaz of Ukraine”)

e Credit rate - 14,3% (in accordance with
the indicators of monetary and financial sta-
tistics of the NBU in April 2017 in national cur-
rency for the corporate sector)

In the calculations of investment attrac-
tiveness was used the discount rate r = 22,4%.

r=rf+r5+rv,

re = 9,1%. Risk-free rate of return, calculat-
ed as the interest rate of deposits in April
2017 in national currency, according to the
National Bank of Ukraine [5].

rs = 10,0%. Percentage for the systematic
risk of investing in Ukraine (the country's risk
level), according to foreign investors.

rv = 3,3%. Risk percentage, characteristic
for agriculture.

Taking into account the results of calcula-
tions, it can be stated that, in modern reali-
ties of the Ukrainian economy, investing in
bioenergy plantations is completely unprofit-
able (Table 1). The reason is the extremely
high rate of discounting, which, in turn, re-
flects the state of our economy as a whole.

Table 1

The economic efficiency of the investment project of bioenergy plantation creation
with an area of 10 hectares

Financing scheme
Indicator . Own investments + Credit funds +
Own investments : .
eco-compensation eco-compensation

NPV - Net Presented Value, UAH -334299 508914 252383
IRR - Internal Rate of Refund, % 8,5 50,2 32,1
PP - Payback Period, years 7,2 3,1 4.1
DPP - Discounted Payback Period, 19 3,62 4,41
years
Pl - Profitability Index 0,41 2,41 1,41

Source: author's own calculations. Exchange rate: 1 USD = 25 UAH.
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The proposed mechanism of eco-
compensation for biomass producers makes
the project attractive even under such eco-
nomic conditions. The period of investment

Own investments

NET PRESENTED VALUE, THOUSANDS UAH

-1000

—— Own investments + eco

return (both own and credit funds) is 3 or 4
years, respectively, that allows to call such
investments economically feasible for inves-
tors (Figure 2).

Credit funds+ eco

YEARS OF PROJECT

Figure 2. Net Presented Value of investment project of bioenergy plantation creation
with an area of 10 hectares, under different financing schemes

*Source: author's own calculations.

Plant origin biomass making up to 50% in
the structure of renewable energy sources in
the world and more than 15% of the total en-
ergy consumption [4, 8]. At the same time,
the current state of development of biofuel
production in Ukraine is in the stage of for-
mation and accounts for about 1% of the total
energy consumption. Among the wide range of
problems in this industry with legislative and
regulatory acts, the lack of harmonized Euro-
pean standards for raw materials, biofuel pro-
ducers also face the problem of supply short-
age for stable operation of enterprises
throughout the year.

For example, the needs of the town Cha-
bany (Kyiv-Svyatoshinsky district, Kyiv oblast)
in heat energy are currently provided by a
single natural gas boiler station which produce
9448,6 Gcal per year. The heat energy tariff
for the households is 1520 UAH/Gcal (the fuel
component in the tariff is 984 UAH/Gcal) [11].
In the developed investment project for local

authorities it is proposed to use, in order to
reduce the cost of heat energy, high-efficient
biomass boilers. For the production of heat
energy, it is planned to install two “KBMm(a)-
0,82” boilers (KRIGER, Ukraine). Proposed
equipment provides total thermal power up to
1,6 MW/hour, which will allow to produce up
to 4363 Gcal per season and thereby reduce
the need in natural gas by 46%.

However, to ensure optimal operation of
such equipment, 2129 tons/year of biomass
need to be provided in the form of wood chips
(Q=2440 kcal/kg). An analysis of wood chips
suppliers near town Chabany has shown that
stable supply of such amount of fuel from local
producers (at a price of 300 UAH/t) is quite
difficult due to its market deficit. The cost of
delivering from neighboring regions increases
in direct proportion to distance and the price
of fuel can reach 1500 UAH/t. At such price,
investment attractiveness indicators of the
project are significantly reduced (Table 2).

Table 2

Financial indicators of the project: substitution of natural gas at Chabany boiler station

Wood chips price
Efficiency indicators 300 UAH/t 1500 UAH/t 300 UAH/t +
eco-compensation

NPV - Net Presented Value, UAH 16327 3919 8123
IRR - Internal Rate of Refund, % 56,1 28,4 31,5
PP - Payback Period, years 1,78 3,43 3,78
DPP - Discounted Payback Period, years 2,39 6,11 5,78
Pl - Profitability Index 2,73 1,41 1,86
Discount rate, % 19,1

Eco-compensation, UAH/t 2493

Source: author's own calculations. Exchange rate: 1 USD = 25 UAH.
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In the absence of the possibility to make
stable supply of large quantities of cheap raw
materials from local wood processing enter-
prises, stimulation of biomass production at
bioenergy plantations, by eco-compensation
implementation, becomes an investment at-
tractive alternative. An additional advantage
of such state support is the economic devel-
opment of its own region as a result of the
bioenergy market growth.

Similar projects of heat supply system ren-
ovation are the basis for the the development
of whole communal infrastructure. That is
why it is important to attract investors in
modernization and development of heat-
supply systems of housing and communal ser-
vices. It is necessary to start with the intro-
duction of a mechanism to support local bio-
mass producers, which will allow to create
sustainable fuel source for the needs of the
heat-generating objects of the town.

The conducted analysis shows, that one of
the main reasons for low use of solid biomass
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at TCE enterprises is its deficit at the local
level and, consequently, higher logistics costs
to ensure stable supply. This, in turn, is due
to the low investment attractiveness of bio-
mass production projects. That is why the mu-
tually beneficial mechanism of state support
is so relevant.

Conclusions. The government, at the level
of local authorities, should be interested in
supporting of the domestic producer of an al-
ternative fuel. The implementation of eco-
compensation mechanism will allow biomass
producers to reduce their maintenance costs
and significantly reduce payback period. Pro-
duction of biomass for energy needs will be
attractive for investment. Such support will
stimulate the rapid development of the bio-
energy market and will ensure the fuel diver-
sification in regions. Legislative and economic
mechanisms  for  regulation of  eco-
compensation payments should be the subject
of further research.
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TkayeHko A.M. ®opMyBaHHA eKOHOMIYHO20 MEeXAaHi3My depKasHO20 CMUMYJIlOBAHHA BUPOBHUKIB mBepdozo 6ionasiusa

Mema cmammi - npoaHanizysamu cy4acHuli cmaH puHKy maepdo2o b6ionaausa, oyiHUMu yHKYioHaAbHICMb i hopmysaHHs 8id-
NosiOHO020 eKOHOMiIYHO20 MeXaHi3My (i020 pO3BUMKY.

Memoduka OdocnidxeHHA. BukopucmaHo 3az2asbHomeopemuyHi Memoou HAYKOB020 Ni3HAHHA, BKYAKYU (PYHOAMeHMaslbHi
noJsioxKeHHA U NpUHYUNU po38UMKY PUHKY eHepeemuyHuUX pecypcis, sucgimieHi y npaysax 8imyu3HaAHi i 3apy6iKHUX yYeHUX, a MaKox
maki Memodu, AK po3paxyHKo8o-aHanimuyHuli, a6cmpakmHo-s02i4HuUli, MOOeIB8AaHHA Ma y3a2a/IbHeHHS.

Pe3ynbmamu docnidxeHHA. [poaHanizosaHo npoyecu supobHuymsa U peanizayii meepdozo 6ionasusa i nepcnekmusu (io2o
po3sumky. BusHaveHo, wo cy4acHul cmaH puHKY nocma4YyaHHA mensiosoi eHepaii nepedbayae cmpimKkuli nepexio Ha asbmepHamMuBHi
s8udu na/usa, npome ix 8UPO6HUUMBO YCKIAOHEHO Yepe3 NOMOYHY eKOHOMIiYHY cumyauito.

EnemeHmu HayKkosoi Hosu3HU. Po3pob6sieHo KoHuenuyilo (opmMysaHHA EKOHOMIYHO20 MEXAHI3MY CMUMYJ/I0BAHHA BUPOGHUKIB
masepdoi 6iomacu ma 3anponoHOBaHoO HopMysy ON1A BU3HAYeHHA ob6csAzis giHaHcoBoT donomoau (ekoKomMneHcayii).

MpakmuyHa 3Hayvywiicmb. O6r'pyHMOBAHO BAXAUBICMb OepxasHoi NIOMPUMKU BUPOGHUKIB aslbmepHamusHUX 8udis haauga Ha
Cy4YacHoMy emani coyia/ibHO-eKOHOMiYHO20 po38UMKY YKpaiHu. Taba.: 2. Puc.: 2. bibniozp.: 12.

Knro4dosi cnosa: ekoHoMidHUl mMexaHism, 6ioeHepeemuka, 6iomaca, ekokomMneHcauis, iHeecmuyiliHa npusabugicms, eKOHOMIY-
Ha ecpekmusHicmb.

TKa4yeHKo AHTOH MMKOJIaMOBMY - HayKOBMI CMiBPOGITHWMK Biaainy iHHOBaUiMHOT AiANbHOCTI Ta €KOHOMiKM, HauioHanbHMIM HayKoBWIA
LeHTp «IHCTUTYT 3emnepobetBa HAAH» (cMmT YabaHu, Bys. MawmHobyiBHMKIB 2-B)
E-mail: tkachenko.a.m@outlook.com.

TkayeHko A.H. ®opmuposaHue 3KOHOMUYECKO20 MexaHu3mMa 20CydapcmseHHO020 CMUMY/IUpOBAHUA npou3sodumeneli
msepdozo 6uomonsiuga

Llenb cmambu - npoaHanu3uposames coOBpeMEHHOe COCMOsHUE pblHKAG m8epdoz2o 6uomonsusa, oyeHums GYHKUUOHA/IbHOCMb U
opmMuposaHue coomsemcmayowe20 3KOHOMUYECKO20 MeXaHU3mMa e2o passumus.

Memoduka uccnedosaHuA. Mcnonb3o8aHbl obwemeopemuyeckue Memodsbl Hay4YHO20 NO3HAHUA, BKAYAA (yHOaMeHmMasbHble
NOJIOXKEeHUsA U NpUHYUNbl pa3sumus pblHKAG 3HEp2emuYyecKuX pecypcos, OCBeWeHHble 8 pabomax omeyYyecmseHHbIX U 3apy6exHbIX
Y4eHbIX, a MaKxe makue Memodbl, KaK pac4emHo-aHasaumuyeckuli, abcmpakmHo-so2uyeckuli, MooeauposaHusa u 0606weHus.

Pe3ynbmamei uccnedosaHus. [poaHanu3uposaHbl Npoyeccsi npou3soocmaa U peaausayuu msepdozo 6uomoniusa, a makxe
nepcnekmusbl e2o passumus. OnpedesieHo, YMo COBpPeMeHHOe COCMOAHUE HA pbiHKe NOCMAsoK mensiosol 3Hepauu npedycmampu-
saem cmpemumesibHbIl nepexod HA asbmepHamusHble 8Udbl MoNJusd, 0OHAKO UX Npou38odcmBo 3ampydHeHo 8 €8A3U ¢ mekyweli
3KoHoMuYeckol cumyayued.

SnemeHmbl Hay4yHol HOBU3HbI. PaspabomaHa KoHyenyusa opmMuposaHus 3KOHOMUYECKO20 MexaHu3ma CmuMyuposaHusa npo-
u3sodumeieli msepdol 6uomaccsl u npedsoxeHa opmyna 018 onpedenieHUs 06vemos uHaHcosol noMouju (3KOKoMneHcayuu).

Mpakmuyeckaa 3Ha4yumocmb. O60CHOBAHA BAXXHOCMb 20cydapcmseHHoU noddep:KkKu npou3sodumesieli asbmMepHamMuUBHbIX 8U-
008 moniusa Ha COBPEMEHHOM 3mane CoyuasibHO-3KOHOMUYECKo20 pa3sumus YKpauHsl. Tabn.: 2. Man.: 2. bubauoep.: 12.

Kniouesblie c/108a: 3KOHOMuYecKuli MexaHu3M, 6uosHepzemuka, 6UoOMacca, 3JKOKOMNeHcayus, UHBECMUUUOHHAA npusjiekame/ib-
HOCMb, 3KOHOMUYecKaa 3phekmusHoCmb.
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