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BIOENERGY WASTE RECYCLING: MODELLING OF DEVELOPMENTAL TRENDS

Purpose. Modelling environmentally safe bioenergy trends based on national and international patent da-
tabases and scientific databases.

Methods. Bibliometric method of analysis using the Scopus database and patent databases, modeling meth-
ods using a special visualization software package.

Results. An analytical diagram based on the review of patent databases was developed, as well as a model
for visualization of interrelationships between clusters of bioenergy development trends as a complex solution for
environmental protection. Thus, 4 clusters were formed based on data from the Scopus database using VOSviewer
software: 1) cluster (red) reveals the environmental problems of changing the direction of implementation of sta-
tionary energy sources with the development of bioenergy potential, and the creation of strategies for this devel-
opment at the level of regions; 2) cluster (yellow) covers the process of restoration of ecological systems, in par-
ticular forests and reduction of CO, emissions from bioenergy; 3) cluster (green) covers the production and use of
different types of fuel and energy produced by the introduction and improvement of bioenergy technologies; 4)
cluster (blue) covers the impact of bioenergy technologies on environmental restoration and purification and re-
duction of damage from anthropogenic impact.

Conclusions. The analysis of patent databases with cluster visualization based on a bibliometric approach
allowed to identify the most promising areas of research in the field of bioenergy solutions development. Further
research will be focused on the development of a lab bench for biogenic gas production with the possibility of
complex processing of secondary raw materials and obtaining environmentally safe digestates.

KEYWORDS: bibliometric approach, cluster visualization, bioenergy, technological solutions, modeling,
environmental protection
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BIOEHEPTETUYHA YTWIIBAIUA BIAXOAIB: MOAEJIOBAHHSI HAINPSMKIB PO-
3BUTKY

Meta. MopenroBaHHS €KOJIOTIYHO OS3MEYHIX HAPSAMIB PO3BUTKY 0i0CHEPTETHKHU 3 BUKOPHUCTAHHSAM BiT-
YHU3HSHHX, 3apyODKHUX MATEeHTHUX Ta HAYKOMETPUYHUX 0a3 JaHHX.

Metoan. biGmioMeTprIHHI METO aHAJi3y 3 BUKOPUCTAHHSAM HayKOMETPUYHOI 0a3u Scopus i MaTeHTHUX
6a3 1aHuX, METOJM MOJICITIOBAHHS 3 BUKOPHCTAHHSIM CIENiaJbHOTO MPOrPaMHOTO MaKeTa Bi3yaii3amii.

PesyabraTu. Po3polbiiena aHaniTHUHa JliarpaMa Ha OCHOBI OTJISly TTATEHTHHX 0a3 IaHWX, a TakoxX cop-
MOBaHa MOJIETIb Bi3yari3amii B3a€eMO3B'sI3KiB MIXK KJIaCTepaMy HANPSIMKiB PO3BUTKY O10€HEPTeTHKH SIK KOMIUIEKC-
HOTO pileHHs Ayt 3axucty goBKuLIst. ChopmoBaHo 4 knactepu 3a fanumu bJ] Scopus 3 BukopucranHsaM nporpa-
mHOrO0 3a6e3meuents VOSviewer: 1) kmactep (4epBOHHIA) PO3KPHUBAE EKOJIOTIUHY MPOOIEMATHKY 3MiHH HAIIPSIMKY
peaizamii CTalioHapHUX JKepesl OTPUMaHHS eHeprii 3 PO3BUTKOM IOTEeHIiary 010€HEepreTHKH, 1 CTBOPEHHS CTpa-
TEeril pO3BUTKY Ha PErioHATFHOMY piBHI; 2) Ki1acTep (KOBTHI) OXOILTIOE IIPOIIEC BiTHOBICHHS €KOJIOTIYHUX CHC-
TeM 30KpeMa JIiciB Ta 3MeHnIeHHs BUkuaiB CO2 Ipu BUKOPUCTaHHI OioeHepreTnky; 3) xiiactep (3eJICHNi) 0XOIl-
JIFO€ BUPOOHHUIITBO 1 3aCTOCYBAHHS Pi3HUX BH[IB IMaJMBa i €HEPTii, OAEP)KyBaHUX HUIIXOM BBEJIEHHS Ta IOKpa-
IIeHHs 010€HePTeTHYHNX TEXHOJIOT1H; 4) KinacTep (OaKnTHHUIT) OXOIUIIOE BIUIMB Oi0€HEPTeTHYHHUX TEXHOJIOT1H Ha
BIZIHOBJICHHSI Ta OYMILEHHSI HABKOJHUIIHBOTO CEPEIOBHUINA 1 3MEHIIICHHS [IIKO/X BiJl aHTPOIIOTEHHOTO BILIHBY.
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BucHoBKkH. AHaITi3 MaTeHTHUX 0a3 JaHWX 3 KIACTEPHOI Bi3yati3amielo Ha OCHOBI 0i0IiOMETPUIHOTO ITifI-
XOZy JJO3BOJIMB BUIUINTH HAHOLIBII EPCIIEKTUBHI HAIPSIMKH JOCIIKEHb B 00J1acTi po3poOKH Oi0eHepreTHIHNX
pimens. [Toganpnn gociikeHHs OyAyTh CIPSMOBaHI Ha po3poOKY JIabopaTopHOTo CTEHAY BUPOOHHUITBA OiOTeH-
HOT'O Ta3y 3 MOXIIMBICTIO KOMIUIEKCHOT EpepOOKH BTOPUHHOI CUPOBHHY 1 OTPUMAHHSIM €KOJIOTIYHO Oe3MeuHux
JIIrecTaTiB.

KJIFOYOBI CJIOBA: 6i6nioMeTpiyHAi MiXiJ, KIacTepHa Bizyaiisauis, OloeHepreTuka, TEXHOJIOT1YHI
pillIeHHS, MOJIETIFOBAHHSI, 3aXUCT HABKOJIMIIHBOTO CEPEIOBHIIA
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BUOSHEPTETHYECKAS YTUJIM3ALIUS OTXOJ4OB: MOJAEJIUPOBAHUE HAIIPABJIE-
HUI PA3BUTHS

Heab. MoaenupoBaHne SKOJOTHYECKH O€30MaCHBIX HANPABJICHUH Pa3BUTHSI OMOIHEPTETHKHU C HCIIONB30-
BaHHMEM OTEYECTBEHHBIX, 3apYOEKHBIX TATEHTHBIX U HAYKOMETPUUECKHUX 0a3 JaHHbBIX.

MeTtoasl. bubnromeTpryeckuii METOT aHaJIM3a C UCII0JIb30BAHHEM HayKOMETpHUYECKOit 0a3bl SCOPUS 1 ma-
TEHTHBIX 0a3 JJaHHBIX, METOJIbl MOJICIIMPOBAHHSI C HCIIOJIb30BAHUEM CIIEIMAIEHOTO TPOTPaMMHOTO MaKeTa BU3ya-
JU3alun.

PesyabraTbl. PazpaboraHa aHanuTHueckas AMarpaMma Ha OCHOBE 0030pa MaTeHTHBIX 0a3 JaHHBIX, a
TaKke copMUpoBaHa MOJETbh BH3YyaIH3allUM B3aUMOCBS3Ci MEXIy KiIacTepaMH HalpaBlieHUi pa3BUTHS OWO-
9HEPTeTHKN KaK KOMIUIEKCHOTO PEIICHMS JUTA 3allUThl OKpYy’Karomeh cpensl. Tak, Ob110 chopmupoBano 4 Kia-
ctepa o maHHeM B/ Scopus ¢ ucmons3oBanmeM mporpaMmHOTo obecredenns VOSviewer: 1) kimactep (KpacHBIi)
PacKphIBAET HKOJIOTUUECKYIO MTPOOIEeMaTHKy U3MEHEHHUS HAallPaBJICHHS pealli3alliyl CTAlIHOHAPHBIX HCTOYHUKOB
MOJTyYSHHS SHEPTUH C Pa3BUTHEM IOTEHIMAIA OMO3HEPT€THKH, U CO3/IaHNE CTPATETnii TOTO Pa3BUTHS HA YPOBHE
PETHOHOB; 2) KiacTep (3KENThIH) 0XBaTHIBAET MPOIECC BOCCTAHOBICHHS HKOJIOTUUECKIX CHCTEM B YaCTHOCTH JIe-
COB U YMeHbIIeHHI0 BbIOpocoB CO2 mpH UCTIOIH30BaHUH OMOIHEPTETHKY; 3) KIacTep (3eJeHbIN) OXBATHIBAET MPO-
M3BOJICTBO ¥ NIPUMEHEHHE PA3IMYHBIX BUIOB TOIIMBA M YHEPIUH, MOTyIaeMbIX ITyTeM BBEJICHHS U yIydllIeHUE
OMOdHEPreTHYEeCKUX TEXHOJIOTHiT; 4) KiacTep (roay0oii) 0XBaThIBAaeT BIMSHUEM OHOIHEPIeTUUECKUX TEXHOIOTHI
Ha BOCCTaHOBJICHHE U OUMCTKY OKpY’Karollel cpe/bl 1 YMEHbIICHH yiiepOa OT aHTPOIIOTeHHOT'O BO3ICHCTBHSI.

BbIBoabI. AHANIN3 MATEHTHBIX 0a3 AaHHBIX C KIIACTEPHOW BU3yau3aliell Ha OCHOBE OHOJIMOMETPHYECKOTO
MOAXO0/Ia TI03BOJIMI KIACTEPHOMY aHajM3y BBIIEIUTh HanOoJiee MepCIeKTHBHbIC HANPaBICHUS UCCIIEIOBAHUN B
obJiacTh pa3paboOTKN OMO’HEPreTHUecKuX pemeHnd. JanpHeimme ucciaenoBanus OyayT HalpaBlIeHBl HA pa3pa-
60TKy 71a00paTOPHOTO CTEH/1a IPOU3BOICTBA OMOTEHHOTO ra3a C BO3MOKHOCTHIO KOMIUIEKCHOI IIepepadoTKH BTO-
PUYHOTO CHIPBS M TIOJTyYEHNEM SKOJIOTHIECKH OE30TacHbBIX IUTeCTaTOB.

KJIFOYEBBIE CJIOBA: 6ubnroMeTpuuecKuii MOaX0/1, KIIaCTepHAst BU3YalH3anus, OMOPHEPTeTHKA, TeX-
HOJIOTHUECKHE PEIICHHUS, MOJSITMPOBAHNE, 3aIINTa OKPYKAIOLIEH cpelibl

Introduction

The greenhouse effect of increasing car- depletion of traditional non-renewable energy
bon dioxide content in the atmosphere is the re- natural resources, environmental pollution, and
sult of the long-term use of traditional non-re- population growth. Primarily such technologies
newable energy resources. These resources are involve renewable energy sources, including bi-
being depleted rapidly. At the same time, the omass energy generated by livestock and agri-
price of traditional non-renewable resources is cultural waste, wood waste, plant biomass, ma-
gradually rising due to the increasing complex- rine phytoplankton plantations, and photobiore-
ity of their extraction conditions, and the use of actor products [1, 5].
non-renewable resources is becoming econom- Considering the Kyoto Protocol require-
ically less profitable [1]. ments, several countries (Brazil, UK, Denmark,

The discovery of gas hydrates or methane Germany, Ireland, Sweden, Finland, USA, etc.)
hydrates in the submarine cryolite zone of the offer the benefits to bio-energy plantation re-
seas (Caspian, Black, Mediterranean, Okhotsk, search with the purpose of direct utilization of
Japanese, etc.) and the possibility of their ex- atmospheric carbon dioxide and further use of
ploitation could offset the problem of energy biomass for energy generation. According to lit-
shortages on the planet for a while, but would erary sources, biomass technical potential for
further exacerbate the greenhouse effect [2-4]. energy purposes in the world could reach 500

Global production focuses on the devel- MJ/year by 2050. This potential is roughly
opment of energy-efficient and environmentally equivalent to the existing world biomass heat
friendly technologies in all areas of human ac- capacity produced in agriculture and forestry
tivity to solve existing problems related to the [6-8].
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Potentially, the area occupied by highly
productive energy crops plantations could be in-
creased to 27 million hectares in Ukraine and 77
million hectares in the USA. The world's largest
biofuel (ethanol) producer is Brazil. This country
currently grows more than 7 million hectares of
sugar cane as an energy crop. It can provide an ad-
ditional 58-148 million hectares of land for energy
plantations without affecting existing forests. In
Indonesia, 27 million hectares of oil palm can be
allocated to energy plantations [9-12].

The challenge in producing biofuels is to
effectively reduce carbon dioxide from the at-
mosphere and generate energy from biomass.
The ratio between biofuel energy and the energy
used to produce biofuel should have a positive
energy balance. However, the production of
biofuels with zero or negative energy balances
also takes place if a positive environmental ef-
fect is achieved as a result of producing clean
energy at the consumption locations [13].

Nowadays, many countries (USA, Can-
ada, Germany, Brazil, India, etc.) with consid-
erable reserves of traditional energy resources

Sunflower; 5%

Whole-plant silage; 6%

Grass silage (sorghum,
rapeseed, mallow, etc.); 8%

Cereals, including
legumes for grain; 20%

have already made significant technical pro-
gress in biofuel production and continue devel-
oping the bioenergy sector.

The advantages of bioenergy are obvi-
ous:

— reducing greenhouse gas emissions;
sustainable development through using
clean and renewable energy sources;
reducing dependence on non-renewable
energy sources;
applicability versatility;
agricultural economic growth, rural devel-
opment;
reducing production costs, improving the
quality and competitiveness of goods;
improving national security for countries
with limited natural resources.

The process of anaerobic digestion of or-
ganic biomass (Fig. 1) with the production of
biogenic gas (hydrogen and biomethane) and
organic fertilizers (biocomposite or digestate) is
becoming increasingly important for obtaining
alternative energy sources [6, 14, 15].

Other bioenergy crops; 1%

_ Corn (silage, kernel,
mixture of kernel
and corncob); 60%

Fig. 1 — Share of different types of plant raw materials in biogas production in Ukraine [16]

The production and composition of bio-
gas vary depending on the characteristics of the
feedstock as well as the technological process.
The main raw materials are energy crops that
are grown specifically for this purpose (corn,
cereals, sugar beet, and many others) and agri-
cultural and livestock waste. These include or-
ganic wastes from food processing (e.g. press
cake, grease trap waste), vegetable waste from
wholesale markets, food waste, cut grass, mate-
rial from landscape conservation activities, and
organic waste from household landfills. The uti-
lization of biogenic waste for biogas production
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solves the problem of their accumulation in areas
and the contamination of air and soil environ-
ment with substances generated by the decompo-
sition of organics under inadequate disposal.
Different substrates have different produc-
tivity of biogas output; also, different rates of me-
thane content in biogas. Currently, more than 60
different types of biogas technologies are in use
or under development all over the world.
Calculations show that the use of all the
energy plant biomass for producing biogas, com-
pared to the production of biodiesel (uses only
seeds) and bioethanol (uses carbohydrates) is
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highly energy efficient. Furthermore, liquid or
solid residues from the digestion process can be
used as organic fertilizer due to their high nutri-
ent content.

The production of energy from biogas is
not related to the time of day, season, or weather
conditions, therefore it can be produced continu-
ously depending on the demand. In Germany,
due to the fixed tariff for electricity supply from
biogas, electricity, and heat are produced in the
vicinity of the biogas plant, and this is the main
way of using biogas. In the case of long distances
between the place of production and use, biogas
can be transported via gas pipelines.

Biomethane can be separated from other
associated gases from biogas by wet purification
under pressure, variable pressure adsorption,
physical and chemical purification processes,
and membrane technology [17].

The production of biomethane appeared in
the focus of researchers and developers in many
countries. The reason for this is significantly in-
creasing the energy efficiency of this type of gas
production process through the use of whole
plant biomass for the production of biomethane
and the opportunity to supply it to a common gas
network with different uses.

Incomplete combustion of biomass in gas-
producing furnaces produces generator gas: a
mixture of flammable carbon monoxide (26-
30%) with hydrogen (13-15%) and non-flamma-
ble nitrogen (45-55%) and carbon dioxide (5-
8%). The heating value of generator gas varies
between 10-13.4 MJ/m®. Generating gas can be
used to produce heat, electricity, and liquid fuels
as it does not require sophisticated equipment.

Gasification of coal with steam conver-
sion and partial methane oxidation produces a

synthesis gas - a mixture of carbon monoxide and
hydrogen - with a ratio of CO: H; gases from 1:1
to 1:3, depending on the method of production.

Biogas production is an efficient and in-
vestment-attractive technology due to the signif-
icant raw material resource potential, favorable
natural and climatic conditions, and low-cost
price of this type of energy. However, Ukraine is
in the initial stage of implementing renewable
energy sources. The technical and economic
problems of biogas production and use are insuf-
ficiently studied [16].

Biogas plants can be set up as waste treat-
ment facilities on farms, alcohol factories, sugar
refineries, and meat processing plants. The biogas
plant can replace a veterinary sanitary plant,
which means that carrion can be utilized in biogas
instead of producing meat and bone meal [18].

Among industrialized countries, Denmark
has the leading position in the production and use
of biogas according to relative indicators (biogas
represents up to 18% of total energy balance).
Based on absolute indicators for the number of
medium and large plants, Germany leads with
8,000 plants. In Western Europe, at least half of
all poultry farms are heated with biogas [19].

Analysis of previous studies. Based on
several studies of scientific journals, indexed in
the Scopus database, it appears that the bioen-
ergy research topic was first discussed in 1998.
There was a sharp decline in studies until 2007,
thereafter the topic became increasingly popu-
lar. So far, the maximum number of studies was
achieved in 2018, with 60 studies (Fig. 2). In
2019 and 2020, the research on this topic was
decreasing due to quarantine measures and so-
cial movements.

Documents by year

60

Documents

1990 993 996 1999

2005 2008 2011

Year

Fig. 2 — Analysis of search results by year
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The bioenergy research topic is relevant in
agrarian countries and countries with high
amounts of organic waste. The United States of
America takes the lead in the research on this
topic and the number of publications - more than
100 scientific papers; then there comes China - 60
papers, Germany and England - more than 50 pa-
pers and Sweden - more than 20 papers (Fig. 3).
The largest number of scientific studies is focused
on improving the environmental situation in the

United States
China

Germany

United Kingdom
Sweden

Ukraine

o

20 40 60

regions and the energy sector, biofuel production,
and chemical engineering with the production of
various useful chemical additives (Fig. 4). The
main areas of research are also relevant to
Ukraine.

Recently, Ukraine has seen a gradual in-
crease in the number of facilities and installed ca-
pacity for biomass heat and power generation.
Unfortunately, the pace of bioenergy develop-
ment in Ukraine is far slower than in Europe,

100 120 140 160 180

Documents

Fig. 3 — Analysis of search results by country

Other (8.7%) \
Immunology and ... (2.2%)
Multidisciplina... (3.7%)

Chemistry (3.8%)

Social Sciences... (4.1%) ——

Engineering (4.9%)

Chemical Engine... (6.4%)

&

Biochemistry, G... (7.6%)

|
Agricultural an... (14.9%) ’

Environmental S... (28.5%)

Energy (15.2%)

Fig. 4 — Analysis of search results by topic of research in the bioenergy technology field
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but scientific research is continuing and develop-
ing. Intensification and efficiency improvement
of biogas production is one of the main research
areas in Ukraine. In research studies, the intensi-
fication of the anaerobic digestion process is
achieved through the combination of feedstock
[20, 21], pre-treatment [22, 23], and additives
[24]. These developments are related to specific
components of the production process. While in

foreign studies, intensification of biogas pro-
cesses is discussed in the aspects of intensifica-
tion of the anaerobic digestion process [25, 26]
and complex intensification of the system incor-
porating biogas production [27, 28].

The purpose of this study is to model envi-
ronmentally safe bioenergy trends based on na-
tional and international patent databases and sci-
entific databases.

Objects and Methods

The basic indicator of the effectiveness of
innovation processes around the world is the pub-
lication and patent activity, which shows the sci-
entific, technical and technological achievements
in a particular area in different countries. Patent
information was used from public sources: scien-
tific journals and specialized websites [29]. The
website databases contain patents registered in
Ukraine (publications by Ukrpatent). The infor-
mation has been studied according to the groups
of the International Patent Classification for the

period from 2015-2020; patents are mainly clas-
sified in the following groups: B09B - disposal of
solid waste; CO5F - fertilizers from waste or re-
fuse. The US, the Russian Federation, and the
Eurasian Patent Database were also used. All se-
lected patent documents were systematized by
publication date for analysis.

VOSviewer software with bibliographic
data from the Scopus database was used to visu-
alize trends in the field of study.

Results and Discussion

Analysis of the implementation of techno-
logical solutions for biogas production. In total,
there are about 6.000 legal landfills in Ukraine
and about 30.000 unauthorized dumps. There are
about 1000 more landfills that are environmen-
tally hazardous and do not satisfy the environ-
mental requirements for landfills. Up to 300
dumps should already be closed and recultivated.
The recycling rate in Ukraine does not exceed 7%
of the total volume. Consequently, the issue of
waste recycling in urban areas is very relevant;
therefore, the development of renewable energy
sources is essential to increasing environmental
safety in the regions and green economy stimula-
tion. Implementation of biogas plants that pro-
duce useful bio-based products, like biogas, can
solve problems such as the disposal of organic
and solid waste for different industries and the
transition from stationary cogeneration plants to
clean energy production [30].

Biogas plants have certain advantages over
fossil fuels and other renewable energy sources
[31, 32]:

— the combination of waste from seasonal fac-
tories (e.g. sugar refinery) and farm waste allows
producing energy throughout the year;

— new workplaces or new income opportuni-
ties during the year for employees (e.g. for em-
ployees of the sugar refinery, in Ukraine they are
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mainly located in small towns and are often the
main employer of the city);

— modern agricultural waste management,
most importantly with manure (lowering odor, re-
mediation of soil, preservation of potential agri-
cultural land that could be used as lagoons);

— step-by-step transition to a decentralized en-
ergy supply model for local communities.

According to the analyzed patents, an inte-
grated diagram (Fig. 5) of the directions for patent
solutions implementation was formed [32-52].

Each presented patent has its limitations and
the following issues need to be covered to remedy
them:

— reduction in the number of steel elements in
equipment;

— creating equipment with an optimized de-
sign;

— development of efficient heaters;

— heating the biogas plant by solar energy;

— combining biogas production with other
non-conventional energy sources;

— construction of large-scale production units
for agriculture and cities;

— optimization of waste management;

— improvement of fermentation and initial
degradation of waste by establishing active meth-
anogenic bacterial strains using genetic engineer-
ing methods.
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Areas of patenting ideas for biogas production

High quality
organic fertilizer

Biogenic gas production
purification
Equipment for processes
solid and liquid
Recycling of phase
solid organic fermentation
waste processes

Method of processing of solid

municipal wastes

Apparatuses for biological
desulphurization of biogas

Method and system for storing
and processing solid household

*RU0002711634

*Method of waste processing
and disposal comprises their
delivery, sorting with oversize
separation, extraction of metal
fraction and thermal processing
in molten bath. Besides, natural
gas and biogas, extracted as a
result of SMW decomposition in
the landfill body, are blown into
the melt together with air
containing oxygen, at total heat
of natural gas, biogas and SMW
combustion from 7,000 to 8,100
kJ/kg to maintain temperature
melt ranging from 1,300 to
1,500 %C.

Method for generating biogas
through utilizing multi-zone

culture distribution and efficient
biogas fermentation system

*CN104611378

*The invention discloses a method
for generating biogas through
utilizing a multi-zone culture
distribution and efficient biogas
fermentation system. The method
includes the following steps:
pouring fermenting raw materials in
a feeding pipe, wherein different
volumes of biogas is generated at a
plurality of fermentation zones in an
annular fermentation pipeline,
biogas slurry at the fermentation
zone with bigger air pressure flows
to the fermentation zone with lower
air pressure, and when the
fermentation zone with bigger air
pressure is filled with the collected
biogas, and biogas generated during
continuous fermentation flows to
the adjacent fermentation zones not
full of biogas.

*KR1020190084828

*The invention relates to
biological desulphurization
equipment for biogas, that
removes contaminants from the
biogas along with increasing
biogas temperature by installing
a separate biogas pre-
treatment unit for biogas
desulphurisation, which reduces
maintenance costs and
significantly improves energy
efficiency by using anaerobic
digestive fluid as an external
nutrient.

Method biogas and fertilizer

production

ePatent of Ukraine: 121280

*Method biogas and fertilizer
includes obtaining a
concentrate of cyanobacteria
collected from the waters of the
reservoir or watercourse
cyanobacteria biomass,
methanogenesis its exposure in
the digester, biogas collection
formed in the gas container and
remove the remains after
methanogenesis biomass for
further use as fertilizer or
fertilizer component. The
process concentrates
cyanobacteria are in the
incubation tank-concentration
in the environment saturated
aqueous solution of nutrients.

waste

*W02019054900

eThe development of a reservoir
of desired size which is a search
for the storage and processing
of solid household waste of
organic origin, taking into
account the peculiarities of the
soil.

A kind of Novel biomass pool

*CN109370881

*The invention discloses a kind of
Novel biomass pools, its
structure includes biogas air
collector, air pressure check
valve, relief valve, material
inlet, marsh-gas fermentation
tank, biogas residue outlet,
deflector chute, evaporation
drying box, skin curtain, biogas
residue storage pool,
transmission device, steam
conveying pipe, natural pond
water storage pool, filter
device, natural pond water
conveyance conduit, the first
biogas conveyance conduit and
the second biogas conveyance
conduit.

Fig. 5 — An overview diagram of the analysis of patent databases on the topic “Methods of producing biogas”
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According to the analysis of the patent sys-
tem [29], countries such as China and Korea can
be identified as flagship countries in the field of
biogas plant upgrades and research (by the publi-
cation activities in the Scopus database).

Modeling the interconnections between
bioenergy trend clusters as an integrated solu-
tion for environmental protection. 4 clusters
were formed based on Scopus database data using
VOSviewer cluster software (Fig. 6):

1) cluster (red) reveals the environmental
problems of changing the direction of implemen-
tation of stationary energy sources with the devel-
opment of bioenergy potential, and the creation of

wood product

carbonemission

strategies for this development at the level of re-
gions;

2) cluster (yellow) covers the process of
restoration of ecological systems, in particular,
forests and reduction of CO, emissions from bio-
energy;

3) cluster (green) covers the production
and use of different types of fuel and energy pro-
duced by the introduction and improvement of bi-
oenergy technologies;

4) cluster (blue) covers the impact of bio-
energy technologies on environmental restoration
and purification and reduction of damage from
anthropogenic impact.
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Fig. 6 — Network visualization: 4 clusters, 11545 links, 27577 total link strength (Scopus database data)

The overlay visualization shown in Fig. 7
was identified as a more effective tool to verify
the latest trends in research on a time scale. The
size of the circles corresponds to the predomi-
nance of the period when the study in this area is
published. The color depends on the year of pub-
lication (average for the cluster), the latest year
color being yellow. Thus, the terms "fuel” and
"change" are used most intensively in connection
with the publication year.

The visualization figure shows that biogas
is being studied in various applications. There are
various classification systems, for example, Wu
et al., 2016 designed a typical biogas system with
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3 utilization pathways: biogas combined heat and
power, biogas solid oxide fuel cells, and biogas
upgrading. Based on the system assessment re-
sults, the biogas upgrading pathway has the high-
est systematic energy efficiency and the shortest
payback period. Current biogas upgrading tech-
niques are systematically discussed in Khan et al.,
2017. The review showed that there is a need for
further research on methane (CHa,) loss, environ-
mental effect, energy consumption, and eco-
nomic assessment challenges.

One of the main clusters of the study is
the issue of changing the direction towards bio-
energy and creating new development models.
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Fig. 7 — Overall visualization showing the unit of measurement as the time since publication (Scopus database data)

Bioenergy is well developed in EU countries. Ac-
cording to an analysis by Banja et al., 2019, there
are movements towards a capacity market mech-
anism to support biogas in the electricity sector,
which slows down the pace of biogas introduction
in the EU mature biomass electricity markets.
Several EU countries continue to keep the dy-
namics of their biogas electricity markets alive.
Still, biogas faces stiff competition with solar and
wind energy sources and inexpensive natural gas,
so further modernization of the biogas and bio-
methane production process is needed. According
to Achinas et al. (2017) investments in anaerobic
digestion are expected to succeed due to the low
cost of available feedstocks - lignocellulosic
sources (manure, fruits, vegetable waste) and the
wide range of biogas applications. Research initi-
atives based on the article focused on improving
anaerobic digestion control and its efficiency, i.e.
microbial activity is a crucial parameter for pro-
cess stability and biogas yield, and it requires fur-
ther research. The article by Ferdes et al. (2020),
overviewed the enzymatic and biological pre-
treatment of feedstock for biogas production. Bi-
ological pretreatment is a highly effective method

for enhancing biogas production and the least ex-
pensive treatment applied to lignocellulosic bio-
mass in the biogas production process. Future in-
creasing the efficiency of enzyme preparations, as
well as the capacity of microorganisms to trans-
form the substrate, could be achieved by selecting
new highly productive microbial strains and us-
ing molecular genetic techniques.

The impact of bioenergy technology solu-
tions is critically discussed in Paolini et al., 2018
This paper shows that biogas can significantly
contribute to the abate greenhouse gas emissions,
but also provides the conditions for undesirable
methane and N>O emissions (they are scarcely re-
lated to direct release from biogas combustion,
whilst biomass storage and digestate manage-
ment are the critical steps handling). In the me-
dium-short term, digesters are considered prefer-
able compared to untreated biomass according to
the article. The upgrading to biomethane can gen-
erally improve air quality and reduce greenhouse
gas emissions. However, methane losses in the
off-gas may affect the sustainability of the whole
process [53-58].

Conclusions

Based on an analysis of current research
trends, it is clear that the scientific focus is on im-
proving biofuel production and the environmental

situation in the regions and energy sector. After
comparing international studies with local research
in the same field of methane fermentation intensify-



Man and Environment. Issues of Neoecology. 2020, Issue 34

cation, we can see that international studies are
more complex and cover the overall system.

The analysis of patent databases of techno-
logical solutions for biogas production highlighted
the following directions of development: facilities
for biogas production, bioreactors for different fer-
mentation phases, machines for biological desul-
phurization of biogas, methods, and systems for
solid waste processing. Based on cluster analysis,

the most common research topics are changes in bi-
oenergy and its development models, reforestation,
biofuel production and application, and the environ-
mental impact of bioenergy technological solutions.

Further research will be focused on the de-
velopment of a lab bench for biogenic gas produc-
tion with the possibility of complex processing of
secondary raw materials and obtaining environmen-
tally safe digestates.
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