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of research, laboratory method, biochemical methods (determination of the chemical composition of manure and
wastewater), statistical, mathematical (calculation of economic efficiency), multicriteria analysis, and analytical
method. Based on the conducted research, a resource-saving technology for the preparation of wastewater for use
in the production of renewable energy in industrial pork production was developed, which ensures a reduction
in capital and operating costs for biogas generation. It was found that the settling of the initial wastewater
with a moisture content of 96.94%0.18% produces a sediment with a moisture content of 91.23#0.25% and a
liquid fraction with a moisture content of 98.86%+0.42%. At the same time, the organic matter in the sediment
extracted from the original wastewater is about 87%, and in the liquid fraction — about 98% of the dry matter.
The technological process includes centrifugal and gravity separation of the initial wastewater into fractions
(sediment and liquid fraction), gravitational thickening of the sediment and its dosing for methane digestion to
produce biogas. It was shown that the application of the proposed approaches can reduce capital investments
by about 30%. Based on the multicriteria analysis, it was found that the proposed biogas production technology
has a significant advantage in terms of the complex efficiency indicator of each of the considered options N(C))
compared to the idealised one. For this technology, the objective function is the smallest according to the criteria
considered and amounts to 0.1672, while the objective function of the baseline technology is 1.9 times worse. The
findings of the study on the use of livestock by-products for resource-saving biogas production are planned to be
used at pork production complexes and farms

Keywords: renewable energy sources; bioenergy; wastewater; technology; sediment; resource conservation; capital

investments

INTRODUCTION

Ukraine’s energy sector is facing a challenging task -
to reduce the consumption of natural gas and coal in
electricity generation and replace them with renew-
able energy sources (RES) to the maximum extent
possible. On the one hand, this would reduce the
cost of production and improve its competitiveness
in the global market. On the other hand, the com-
bustion of fossil carbohydrates - coal, gas, oil, and
their derivatives - is considered the main source of
CO, emissions, which contributes to global warming.
Therefore, the campaign to replace fossil fuels with
other environmentally friendly fuels, such as biofuels
(biomethane, biohydrogen, bioethanol, etc.) is grow-
ing worldwide (Dabirian et al., 2023). This provides an
impetus for the widespread use of RES (specifically,
farm animal manure) processing plants for electricity
or heat in the national economy and is a promising
area (Skrylnyk et al., 2020).

The need to feed humanity has contributed to the
development of animal husbandry, the development
of technologies for intensive farming of livestock and
poultry, and the construction of complexes or large
farms. As a result, a massive amount of livestock and
poultry waste has been generated, which is the main
source of agricultural pollution, especially in regions
with a prominent concentration of livestock and poul-
try (Zhang et al., 2019; Li et al., 2022). According to
M.J. Sukhesh and PV. Rao (2019), in the United States,
the amount of waste from livestock production is 130
times higher than human waste, which affects the
local environment. Therefore, countries with devel-
oped livestock production need to develop and imple-
ment an effective strategy for the utilisation of live-
stock manure.
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V. Burg et al. (2018) believe that manure, without
quality processing, is a source of air and water pollu-
tion, but when integrated into the management chain,
it can become a strong energy resource. The potential
for biogas production from cattle manure in Europe
is quite high, for instance, in Sweden it is estimated
at about 3-6 TWh per year (Achinas & Everink, 2020).
According to N. Yurchuk (2018), is an equipment that
allows processing various types of organic raw mate-
rials into energy in the form of biogas and into highly
effective organic fertilisers. They can also be used as
wastewater treatment plants on farms, poultry farms,
and processing plants, thereby improving their sani-
tary and hygienic conditions.

The European Union Llimits the amount of ma-
nure that can be applied to arable land. Therefore, in
regions with a prominent concentration of livestock
and a limited amount of arable land, such as large pig
and poultry farms, it is necessary to remove manure
or set up its processing. One of the elements of the
manure processing system can be the biogas units.
This will not only reduce the amount of dry matter
to be exported but will also bring additional finan-
cial profit from the sale of biofuels. Studies conduct-
ed by scientists from different countries have made
it possible to determine the approximate volumes
of biogas output from agricultural waste processing
(Lutkovska & Zelenchuk, 2023).

In Ukraine, livestock and poultry waste, specifically
manure, can be another major and environmentally
sound source for biofuel production. Thus, according
to A. Doronin (2019), the potential biogas production
in Ukraine from cattle waste in 2017 could be up to
1,920 mln m3/year, pigs-up to 971 mln m3/year,




poultry - up to 1,863 mln m?/year. According to
G.M. Kaletnik and 1.V.Honcharuk (2020), in 2020, the live-
stock population in Ukraine was within 3.1 mln heads
of cattle, 5.7 mln heads of pigs, and 220.5 mln heads of
poultry, from which about 92.8 mln t of animal by-prod-
ucts were produced. According to the calculations, the
total potential for biomethane production from livestock
waste will reach approximately 2.2 mln toe. And accord-
ing to N.V. Pryshliak (2021),in 2019, about 40.65 mln t of
waste was produced from animals in the private sector
of Ukraine. If they are used in the biogas units, the theo-
retical biogas output could reach 1,760.3 mln m>.

According to the authors, the main obstacle to the
introduction of bioenergy plants in industrial pork pro-
duction is the considerable cost of creating and operat-
ing such systems, as well as the suboptimal character-
istics of the material for the fermentation process. Thus,
the purpose of this study was to develop and evaluate
approaches to reducing resource costs in the produc-
tion of renewable energy sources (biogas) in industrial
pork production. However, high moisture content has a
negative impact on biogas production, and therefore
some work is needed to increase the dry matter content
of the biomass fed to the biogas unit. This will help
improve the quality of the output product, increase bi-
ogas yields, and increase the economic efficiency of the
plants. One of the ways to optimise the substrate for
methane digestion is to separate the pig manure into
sediment and liquid fraction. This became the subject
of this study. The purpose of this study was to devel-
op and evaluate approaches to reducing resource con-
sumption during the production of renewable energy
sources (biogas) in industrial pork production.

MATERIALS AND METHODS

The wastewater studies were carried out at the Hlob-
inskyi Pig Farm LLC, Poltava Oblast, in 2016-2018. The
technology of industrial pork production at Hlobinskyi
Pig Farm LLC prescribes feeding pigs with complete
feed according to sex and age groups in a liquid-feed-
ing fattening shop. The microclimate was maintained
by an automated ventilation system. The receiving tank
was supplied with effluent from the buildings contain-
ing machines with partially raised slotted floors placed
on bathtubs with valves. When the valves were raised,
the effluent flowed to the central collectors and from
there to the receiving tank. The receiving tank was
equipped with a hydraulic bubbling system, which op-
erated using centrifugal pump pressure. The outgoing
wastewater was separated in a filter press.

The outgoing wastewater was sampled at the com-
plex from the receiving tank. Therewith, liquid and solid
fractions were selected after separation of the initial
effluent on the filter press. In laboratory conditions, the
effect of the settling process on the moisture content
of the sediment obtained in the laboratory plant was
investigated (Fig. 1).

Piskun et al.

Figure 1. Laboratory installation for studying wastewater
settling

Notes: 1 - organic glass unit body; 2 - outlet drains; 3 -

tripod; 4 - latch

Source: compiled by the authors

During the experiment, the volume of the unit’s
body was thoriated to investigate the process of waste-
water settling using a measuring cylinder. Before feed-
ing the source wastewater to the laboratory unit, it was
homogenised and sampled for moisture content. The
moisture content of the sediment formed during sed-
imentation was monitored after 0.5; 1.0; 1.5; 2.0; 2.5;
3.0; 3.5; 4.0; 4.5; 5.0 hours. After a respective period of
time, during which the initial wastewater was settled,
the sediment and liquid fraction were removed through
valve 4 (Fig. 1). Sediment and liquid fraction samples
were taken to determine moisture content and other
parameters. The moisture content of the sediment was
determined following DSTU ISO 6496:2005 (2006), us-
ing the following equation (Turovsky, 1982):

V; 100—-W;

V_; = 100—Wi’ (1)
where V, is the volume of output effluents, V, _the vol-
ume of sediment from output effluents, W, is the hu-
midity of output effluents, W, is the humidity of sedi-
ment from output effluents. The volume of sediment
was determined as the difference between the volume
of the initial effluent and the volume of the liquid frac-
tion. The volume of the liquid fraction was determined
as the product of the cross-sectional area of the labora-
tory vessel and the height of the liquid fraction column.

The wastewater was assessed for mois-
ture and dry matter (DSTU ISO 6496:2005, 2006),
ash (DSTU ISO 5984:2004, 2006), and crude fibre
(DSTU IS0 6865:2004, 2006). During the study, a meth-
od was developed to ensure a reduction in capital in-
vestment in the production of renewable energy sourc-
es in industrial pork production, based on ensuring the
optimal value of the substrate parameters for methane
fermentation. The substrate for methane digestion was
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obtained from the original wastewater upon gravity
settling and compaction. The effectiveness of the pro-
posed approach to ensuring a reduction in capital in-
vestment in the development and implementation of
technologies for the preparation of wastewater for use
with the production of renewable energy sources (bi-
0gas) in industrial pork production was assessed, con-
sidering capital investment and operating costs. The
annual economic effect of the proposed technology
was determined according to the following formula
(DSTU 46-012-2000, 2001):

Eun = (0p + EiKip) — (Oy + E1Kpy), )

where E_is the annual economic effect of implement-
ing the development; O is the operational costs in the
basic (;) and new () variant; E, is the coefficient of effi-
ciency of innovative investments; K| is the investments
in the basic () and new (,) variant.

The method of multicriteria analysis was applied
using the assessment of the integral criterion of the
distance to the target. For this, an approach was used
that included the aggregation of all criteria into one
comprehensive performance indicator for each of the
alternative variations (Piskun et al., 2020).

RESULTS AND DISCUSSION

During the experiment, the effect of the settling process
on the moisture content of the sediment obtained from
the original wastewater in the laboratory plant was in-
vestigated (Fig. 2). With the concentrate type of feeding
and the litterless technology of pig housing, outgoing
effluents with a moisture content of 96.94+0.18% were
obtained. During the separation of the original waste-
water on the filter press, a liquid fraction with a mois-
ture content of 98.73%0.12% was obtained, and a solid
fraction with 73.16*0.18% moisture content.

Figure 2. Study of the effect of the settling process on the moisture content of the sediment produced
in a laboratory plant
Notes: 1 - Organic glass unit body; 2 - liquid fraction; 3 - sediment; 4 - tripod; 5 - latch

Source: compiled by the authors

Studies have shown that the settling of the liquid
fraction obtained during the separation produces a pre-
cipitate with a moisture content of 92.57£0.47% and a
liquid fraction with a moisture content of 98.49+0.29%.
That is, when the liquid fraction was stored in the stor-
age pond, which was obtained from the original waste-
water after separation in the filter press, a sediment
with a moisture content of about 92% was formed. The
organic matter in the effluent was 71.83+3.98% of the
dry matter content. At the same time, the organic mat-
ter in the sediment that was separated from the liquid
fraction after separation of the original wastewater was
about 98%, and in the liquid fraction — about 99% of
the dry matter. When the initial wastewater was settled
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with a moisture content of 96.94+0.18%, a sediment
with a moisture content of 91.23%£0.25% and a liquid
fraction with a moisture content of 98.86+0.42% were
formed.That is,during the storage of the original waste-
water in the storage pond, a sediment with a moisture
content of about 92% was formed. At the same time,
the organic matter in the sediment extracted from the
original wastewater was about 87%, and in the liquid
fraction - about 98% of the dry matter.

Based on these and other studies, the provisions of
the utility model patent “Method of wastewater treat-
ment” (Piskun & Piskun, 2010), a variant of the process
scheme for methane digestion of the initial wastewater
in industrial pork production was developed, ensuring




a reduction in construction and operation costs while
generating renewable energy sources (biogas). The
technological process includes centrifugal and grav-
ity separation of the initial wastewater into fractions
(sediment and liquid fraction), gravity thickening of the

\

3 4
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sediment obtained during centrifugal and gravity sep-
aration and periodic discharge of the thickened sedi-
ment for dosing when it is fed to methane digestion
to produce biogas. When biogas is used in a generator,
electricity and heat are produced (Fig. 3).

I

i

Heat exchanger 4

O

Preparation for use
of the liguid fracfion

Preparation for
the use of
organic
fertilisers

Figure 3. Diagram of a resource-saving biogas production line for industrial pork production
Notes: 1 - receiving tank; 2,4 - sanitary pumps; 3 - intermediate tank; 5 - device for centrifugal-gravity separation of
the initial wastewater; 6 - dosing tank; 7 - device for dosed sediment supply; 8 - digester; 9 - heat exchanger; 10 -
sediment discharge device; 11 - stirrer; 12 - heat recuperator; 13 — power generation unit; 14 - filter presses; 15 - solid

fraction pile; 16 - storage pond
Source: N.V. Piskun and V.. Piskun (2010)

The technological process of obtaining renewable
energy sources (biogas), according to the scheme devel-
oped in this study, is as follows. The wastewater from
rooms with slotted floors and bathtubs is conveyed by
collectors to the receiving tank 1, from where it is trans-
ferred to the intermediate tank 3 by means of a pump
2. Subsequently, pumps 4 convey the wastewater to the
device for centrifugal and gravity separation of the orig-
inal wastewater 5, where the wastewater is separated
into a liquid fraction and sediment, which is compacted
to a moisture content of 90-92% and subsequently fed
to the dosing tank 6. The liquid fraction is fed to the
storage pond 16. The sediment from the dosing tank
6 is periodically fed to the methane digester 8 by the
sediment dosing device 7 according to the technolog-
ical regime of methane digestion. The resulting biogas
is fed to the power generation unit 13. The fermented
sediment from the digester 8 is fed to the filter press
14, where it is separated into solid and liquid fractions
using the sediment discharge device 10. The solid frac-
tion is delivered to the site, where a solid fraction pile
15 is formed, undergoes biothermal treatment, and is
subsequently used as organic fertiliser. The liquid frac-
tion goes to the storage pond 16 and, after quarantine,
is used to fertilise agricultural land. The resulting biogas

is converted into electricity and heat in the power gen-
eration unit 13. They can be used in the electrical and
heating systems of an enterprise. Surplus electricity can
be supplied to the external power grid through a trans-
former substation and a distribution point.

The design parameters of the digester, solid fraction
pads, and liquid fraction storage tanks are determined
using the following analytical relationships. According
to the known factual data characterising the quality of
separation into individual elements of the technological
line, such as the mass M and moisture W of the efflu-
ents entering the treatment and received at the exit, the
mass M, and moisture W, of the liquid fraction and the
mass M, and moisture W, of sediment, V, is the volume
of sediment considering the approaches developed by
N.G.Kovalev et al. (1983). Based on the balance equations
for the mass flow rate of the current through the separa-
tion element, the following data are obtained:

n» 1, — efficiency of separation into liquid fraction
and sediment; C,, C, - the concentration of the liquid
fraction of effluents and sediment. If M, W, W, W, are
given, the main characteristics of the separation quality
are determined according to Equations 3-7:

M*(Wp—W)
Mr = “wWh—wo (3)
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_ M*(W-Wp)

Mp
Wp-Wo

orMp=M—M,, 4)

Cp=1—0.01W,; Cp =1 —0.01W,; C = 1—0.01W, (5)

MG Mp(100 -~ W)
np=1- =1- ; (6)
M*C M*(100 — W)
np=1—MoCo) _y Mo"(A00=Wo) o 5 = 1 — 7. (7)
M*C M*(100 W)

The presented equations make it possible to deter-
mine the volume of sediment and subsequently the vol-
ume of digesters based on factual data on the outgoing
effluent, considering the digestion modes. Estimation
of the cost of processing the initial wastewater in in-
dustrial pork production with bedding-free housing and
renewable energy sources (biogas) for the baseline and
new variants is presented in Table 1.

Table 1. Costs of wastewater treatment to produce biogas

Variants
Indicators New Basic
UAH % UAH %
Volume of wastewater treated 146,000 tonnes
Capital investments: 17,549,496 100.0 25,801,300 100.0
Production costs:

remuneration of labour 102,000 6.19 84,000 3.58
deductions for social events 23,500 1.43 19,320 0.82
electricity costs 142,884 8.67 214,620 9.15
Heat energy costs 119,837 7.27 199,728 8.51
amortisation total 877,475 53.24 1,290,065 5498
Maintenance - total 350,510 21.27 516,026 21.99
Low-value assets 11,500 0.69 6,000 0.25
Total production costs 20,400 1.24 16,800 0.72
Total production costs (prime cost) 1,648,106 100.0 2,346,559 100.0

Cost reduction, % 29.8 -

Source: compiled by the authors

An assessment of wastewater treatment technolo-
gies for use at a pork production complex for biogas
production showed that to process 146,000 tonnes
per year, capital investments under the basic technol-
ogy amounted to UAH 2,346,559, and under the pro-
posed technology - UAH 1,648,106. In other words,
the proposed technology for preparing liquid manure
for use in renewable energy production will reduce
capital investment by 29.8%. Based on the data ob-
tained, a multicriteria analysis of wastewater treatment

technologies for use in industrial pork production was
conducted. The results are presented in Table 2. The
analysis results suggest that the proposed biogas pro-
duction technology has a considerable advantage in
terms of the complex efficiency indicator of each of the
considered options N(C,) compared to the idealised one.
For this technology, the objective function is the small-
est according to the criteria considered and amounts
to 0.1672, while the objective function of the baseline
technology is 1.9 times worse.

Table 2. Results of multicriteria analysis of wastewater treatment technologies for use in industrial pork production

Indicators Variants
New Basic
Capital investments: 1 1.4702
Production costs:
remuneration of labour 1.2143 1
deductions for social events 1.2163 1
electricity costs 1 1.5021
heat energy costs 1 1.6667
amortisation total 1 1.4702
Maintenance - total 1 1.4722
Low-value assets 1.9167 1
Total 9.3373 10.5617
N(Ck) 0.1672 0.3223

Source: compiled by the authors

Scientific Horizons, 2023, Vol. 27, No. 1




The current research is consistent with the findings
of other authors,but is more in-depth in determining the
effectiveness of using pig by-products for biogas pro-
duction. The vast majority of authors publish fragmen-
tary research results. For instance, N. Pantsyreva (2019)
reports that one breeding pig with a litter of 20-24 pig-
lets (weighing up to 30 kg) produces about 14.5 kg of
manure per day. A fattening pig with a live weight of 30-
110 kg produces an average of 4.5 kg. Up to 65 m? of bi-
ogas can be produced from a tonne of dry matter of pig
manure.According to M. Linnuk and B.Ruban (2011), on
farms and complexes with hydraulic manure removal,
the moisture content of biomass is 95-97%, and in fat-
tening shops it can reach 98-99%.

Biogas is a combustible gas mixture consisting of
50-70% methane (CH,), which is formed from organic

Piskun et al.

compounds in an anaerobic microbiological process.
Biogas also contains 30-40% carbon dioxide (CO,)
and small amounts of hydrogen sulphide (H,S), am-
monia (NH,), hydrogen (H,) and carbon monoxide (CO)
(Teng et al., 2022). Biogas is a versatile renewable en-
ergy source, as it is suitable for electricity and heat pro-
duction. To produce biogas in industrial pork produc-
tion, it is advisable to use by-products with a moisture
content of 90-92%. However, the moisture content of
wastewater at pig farms can reach 97-98%. Even when
pigs are kept on a slotted floor with baths, the waste-
water has a moisture content of 95-97%. Therefore, the
use of conventional biogas production technologies in
industrial pork production leads to high capital invest-
ment and operating costs (Table 3) due to, for instance,
suboptimal parameters of the fermentation effluent.

Table 3. Main indicators of biogas production technologies for industrial pork production ZORG and BIOTHANE

Indicators ZORG (Germany) BIOTHANE (Netherlands)
Process duration, days 30 1
Bioreactor volume, m* 3,600 3,000
Number of bioreactors, pcs./volume 9/400 3/1000
Volume of wastewater for treatment, m? 945 945
Process temperature, °C 35/55 35

Source: authors’ development based on technical data from biogas unit manufacturers

Upon analysing the practices of implementing
the biogas units (based on the technology and equip-
ment of BTG, the Netherlands) by the ‘Agro-Oven”
company on a farm with a population of 14,000 pigs,
Yu. Matveev and G. Geletukha (2004) found that the
construction costs amounted to USD 413.3 thous. Two
methane tanks with a volume of 1,000 m*® each were
built to process 80 t of manure per day. The average
fermentation time is 25 days. Practical experience has
shown that wastewater with a moisture content of 97-
98% can be subjected to the fermentation process. At
the same time, the amount of dry matter in the fermen-
tation substrate was increased to only 6-7%, which was
achieved through the use of recycled materials. Accord-
ing to M. Lyubin et al. (2011), the best results of fer-
mentation of fermentable raw materials are achieved
at 30-32°C and humidity of 90-95%. As reported by
T.L.I. Vergote et al. (2020), the dry matter content of pig
manure in commercially managed pigs is usually less
than 10%.

One of the producers of biogas units, the Public
Foundation “Fluid” (n.d.), also believes that the com-
position of feedstocks affects biogas production. The
moisture content of the raw materials loaded into the
biogas unit must be at least 85% in winter and 92%
in summer. If pig manure alone is used, the cycle will
take 10-12 days, and if the liquid manure is optimised
by adding plant material, the time required for fermen-
tation will increase to 40 days or more. This approach

will increase the required volume of digesters, which
will lead to a considerable increase in the cost of
equipment. It is estimated that the price increase will
be about 4.4-6.7 times. Obtaining the optimum mois-
ture content of the methane digestion substrate by
thickening allows reducing capital investments in the
construction of biogas units. This coincides with the
data provided by the authors of the study in Table 1.
According to H.V. Zhuk (2022), the introduction of inno-
vative technologies developed, among other things, at
the Gas Institute of the National Academy of Sciences
of Ukraine will allow for the stable production of
500 mln m? of methane annually. L. Sakun et al. (2020)
report that most biogas units pay off in 4-7 years, and
therefore government support in the form of guaran-
teed purchases of energy from bioenergy facilities is
economically beneficial for investors.

Thus, the use of pig by-products for biogas genera-
tion is a promising way to increase the efficiency of the
industry, reduce production costs, reduce the amount of
land for manure storage, and improve the environment.
The proposed approach also reduces the cost of waste-
water treatment.

CONCLUSIONS

It was found that in the production of pork at the Hlob-
inskyi Pig Farm LLC, Poltava region, using a concen-
trate feeding type and litterless pig housing technol-
ogy, the outgoing effluent has a moisture content of
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96.94+0.18%. Settling of the initial wastewater with a
moisture content of 96.94+0.18% produces a sediment
with a moisture content of 91.23%£0.25% and a liquid
fraction with a moisture content of 98.86+0.42%. The
organic matter in the sediment extracted from the ef-
fluent was about 87%. It was shown that the separation
of the initial wastewater on a filter press produces a
liquid fraction with a moisture content of 98.73%£0.12%.
When the liquid fraction obtained during the separa-
tion is settled, a precipitate with a moisture content of
92.57+0.47% and a liquid fraction with a moisture con-
tent of 98.49+0.29% are formed.

A variant of the scheme of the process of methane
fermentation of the initial wastewater in industrial pork
production has been developed, ensuring a reduction
in construction and operation costs for the generation
of renewable energy sources (biogas). The technologi-
cal process includes centrifugal and gravity separation
of the initial wastewater into fractions (sediment and
liquid fraction), gravity thickening of the sediment ob-
tained during centrifugal and gravity separation and
periodic discharge of the thickened sediment for dos-
ing when it is fed to methane digestion to produce bio-
gas. When biogas is used in a generator, electricity and
heat are produced. Equations are presented that allow
determining the volume of sediment and subsequently
the volume of digesters based on factual data on the
outgoing effluent, considering the digestion modes.

Evaluation of the proposed technology of wastewa-
ter treatment for use at a complex for industrial produc-
tion of pork with the production of renewable energy
sources suggests that the use of the proposed technol-
ogy will reduce capital investments by about 30% and
obtain an annual economic effect from the implemen-
tation of the proposed technology in the amount of
UAH 1 mln 255 thous. Based on a multicriteria analysis, it
was found that the proposed biogas production technol-
ogy has a substantial advantage in terms of the complex
indicator of efficiency of each of the alternative options
N(C,) compared to the ideal one. For this technology, the
objective function is the smallest according to the cri-
teria considered and amounts to 0.1672, while the ob-
jective function of the baseline technology is 1.9 times
worse. Further work on the use of livestock by-products
for resource-saving biogas production in industrial pork
production is aimed at implementing and investigating
the proposed approaches in production conditions.
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AHoTauif. CyyacHi eHepreTMyHi CUCTEMM € CKNagHWMU BAraTOKOMMNOHEHTHUMU CUCTEMAMM, LLO BUKOPUCTOBYHOTDH
MeXaHiyHy,TeNN0BYTa €NEKTPUYHY eHeprito.Y Mipy CKOPOUYEHHS 3aMacy BUKONHOIO NasinBa iHTepec 40 BiAHOBIOBAHUX
[Xepen eHeprii NMOBCOAHO 30iNblUYETbCS, WO aKTyani3ye AOCNIAXKEHHS TEXHOMOriM OTpUMaHHa biorasy. Metoto
LOCNIMKEHHS BYN0 OLIHUTU TEXHOMONIYHI MiAX0AM LNS 3HUXKEHHS PecypCoBWMTPAT 3@ OTPMMAHHS BiLHOB/IOBAHUX
[Xepen eHeprii 3 0praHiuyHMX BiAxoAiB (THOK) CBUHAPCbKMX KOMMIEKCiB. B po6oTi 6yno BUkopucTaHo bibniorpadivuHuii
MeToA, LOCNIIKEHHS, NabopaTopHUit MeTof, GioXiMiyHi MeToau (BM3HAYEHHS BMICTY XiMiYHOro Ck/iafy rHot Ta
CTOKIB), CTAaTUCTUYHMI, MATEMATUYHUIN (PO3PAaXYHOK EKOHOMIYHOi edeKTUBHOCTI), MeToh 6araTokpuTepianbHOro
aHanisy, aHaniTMyHuin MeToa. Ha nigctaBi npoBeaeHUx JocnifxeHb po3pobneHo pecypcosbepiratody TEXHOMOTi0
NiAroTOBKM CTOKIB 40 BUKOPUCTAHHS 3 OTPMMAHHS BiAHOBNOBAHOI eHeprii 38 NpOMMUCI0BOr0 BUPOOHMLTBA CBUHMHMU,
3 3abe3neyeHHaM 3MeHLLIEHHS KaniTanbHWUX Ta ekcrayaTauiiHUX BUTPAT Npu reHepalii 6iorasy. BctaHoBneHo, Wwo npu
Bi[LCTOOBAHHI BUXiAHMX CTOKIB BonoricTio 96,94+0,18 % yTBoproeTbcs ocag Bonorictio 91,23+0,25 % Ta pinka dpakuis
BonoricTio 98,86+0,42 %. O4HOYACHO, OpraHiyHa peyoBUHa B OCaAi, IKMM BUAINEHO 3 BUXiOHMX CTOKIB, CTAHOBWUTb
6ina 87 %, a B piakin dpakuii — 6ing 98 % Bio cyxoi peyoBMHW. TeXHONOrIYHMIA NpOLEC BK/OYAE: BiALEHTPOBO-
rpasiTaLifiHe po3aineHHs BUXiAHUX CTOKIB Ha Gpakuii (ocas Ta piaky dpakuito), rpaBiTaliiHe 3ryleHHs ocagy Moro
[03yBaHHA MpU nogadvi Ang MeTaHOBOro 36pofKyBaHHAM i3 ogepXaHHAM 6Giora3sy. [loka3aHo, Wo 3aCTOCYBaHHS
3anponoHOBaHMX MNiAXOAIB AO3BONNAE 3HU3UTU KaniTaNbHi BKNageHHs 6ing 30 %. Ha ocHoBi BaraTokpuTepianbHOro
aHanisy BCTAaHOBEHO, WO 3@ KOMMJIEKCHUM MOKa3HMKOM e(EeKTMBHOCTI KOXHOrO i3 po3rmsHyTux BapiaHTie N(C))
y MOPIBHSHHI 3 ifeani3oBaHMM, 3anNpoOMNOHOBAaHAa TEXHOOriS OTpUMMaHHA 6iorasy Mae 3HauyHy nepesary. [Ins Hei
LinboBa QYHKLIS 33 pO3MSIHYTUMU KPUTEPISIMU € HaMMeHLWOLo i cTaHoBKTb 0,1672 npu ToMy, WO LiNboBa dyHKLiA
TexHosorii 6a3oBoro BapiaHTy ripwa B 1,9 pasa. Pe3ynbtaT NpoBeaeHUX HayKOBUX JOCNIAXKEHb MO BUKOPUCTAHHIO
nobiYHMX NPOAYKTIB TBAPMHHMLTBA ANS pecypco3bepiratoyoro oTpMMaHHs 6iorasy niaHyeTbCs BUKOPUCTOBYBATH Ha
Komnnekcax i depmax 3 BUpOOHULTBA CBUHUHMU

KniouoBi cnoBa: BigHOBNOBAHI Aepena eHeprii; bioeHepreTuka; CTOKM; TEXHOMOTiN; 0Caf,; pecypco3bepexeHHs,
KaniTanbHi BKNageHHS
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