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TECHNOLOGY OF BIOMASS CHEMICAL DISINTEGRATION
IN ANAEROBIC DIGESTION OF ORGANIC WASTE

The main methods for increasing the efficiency of anaerobic processing of organic waste are:
improvement of methanetanks and additional equipment,; changes in the composition of the substrate
and its additives,; additional stages of substrate treatment. The comparative analysis of the use of
methane fermentation technologies for the mechanical, physical and chemical degradation of bio-
mass is given. The application of chemical disintegration of biomass during anaerobic treatment of
organic waste is substantiated. It is shown that biomass processing with hydrogen peroxide can be
successfully used to increase the degree of organic waste recycling in biogas.
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Introduction. Nowadays, annually more than
50 billion tons of energy, industrial, agricultural and
domestic waste fall into the atmosphere, water and
soil, and more than 150 millions tons of which are
from industrial enterprises [3, 4]. Total volume of
solid waste in Ukraine is 10—11 millions tons per a
year. 2600 hectares of land in the country are occu-
pied by landfills. The average volume of solid waste
is 1 ton per person per one year in cities. The annual
amount of formed waste in 2014 in Ukraine is about
354 millions tons. Only 112 millions of them are
recycled or disposed. And the rest is preserved in
landfills [5].

There are very large reserves of using second-
ary resources in the country. This is the way to eco-
nomical regime, that promotes the transition from
extensive to intensive factors of economic growth
and recovery of Ukraine.

The total amount of organic waste produced in
Ukraine is given in Table 1.

Thus the potential of biogas receiving in the coun-
try is extremely high. It’s known that one person pro-
duces 0.5-3 kg of household and industrial waste per
a day that may be transformed into 0,00125-0,5 m? of
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biogas. Amount of received gas depends on waste
type and recycling technologies [1].

The potential of bioenergy is 60% of all renew-
able energy sources in Ukraine. The most signif-
icant reserves of biomass in Ukraine are: straw,
manure, secondary waste, wood [2, 6]. Organic
waste recycling in biogas reactors would largely
solve the energy problem in villages and farms in
Ukraine [6].

Using anaerobic organic waste processing tech-
nology allows to dispose various kinds of manure
(including bird droppings), to process plant remains
(overwintered silage, foliage food crops, etc.) and to
utilize organic waste of slaughterhouses and poul-
tries, and products of wastewater treatment. Waste
processing — is primarily a cost-effective system that
increases the level of environmental security.

Modern technologies of bioenergy waste disposal
under anaerobic conditions in digesters have some
disadvantages: ineffective process of biotransforma-
tion of waste into biogas, low level of methane in
biogas, long duration of fermentation, reducing the
amount of received biogas while limiting the bio-
genic elements in substrate.
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Table 1
Organic waste in Ukraine by types [6]

Branches of waste production Ma-ss'of waste,
million tons
Animal husbandry 46
and poultry farming
Plant growing 32
Solid wastes 12
Sewage waste water 1,4
Wastes from woodworking, 2.6
food processing etc. ’

Modern technologies of bioenergy waste disposal
under anaerobic conditions in digesters have some
disadvantages: ineffective process of biotransforma-
tion of waste into biogas, low level of methane in
biogas, long duration of fermentation, reducing the
amount of received biogas while limiting the bio-
genic elements in substrate.

So, there is a necessity in researching the methods
of increasing of productivity of organic waste recy-
cling, reducing fermentation time and increasing the
received amount of biogas with increasing proportion
of methane in it.

The aim of the work is to develop the method of
intensification of organic waste anaerobic fermentation.

Materials and methods. Research methods:

— physical-chemical, chemical-analytical, hyd-
robiological, mathematical analysis, computer mod-
eling and technical-ecological analysis of obtained
results;

— use of methods of system analysis of innova-
tive technologies of methane fermentation and also
in order to improve the information support of waste
digestion systems.

Statistical methods of research were used to assess
the state of waste anaerobic fermentation process.
The information base was provided by publications
of Ukrainian and foreign scientists in the field of
organic waste utilization.

Ways of intensification of biomass methane fer-
mentation. The following directions of development
of technologies of increasing productivity of organic
waste recycling are defined on the base of review of
modern research and publications:

1. Constructrions of digesters and supplement
equipment.

This category includes all methods of increasing
the efficiency associated with changes in configura-
tions of digesters or their components to ensure more
complete and effective methane fermentation process.

2. Changes in composition of substrate and its
additives.

They include such methods as: changing the
composition of substrate by mixing of different
types of organic matters for achieving synergy
effect, bringing additives and supplements into sub-
strate that directly affect on some elements of the
methanogenesis cycle and thus increase efficiency
of the process.

3. Additional steps of substrate processing.

This category includes methods in which the sub-
strate is subject to pretreatment (physical, biological,
etc.) before bringing in digester.

The main ways of intensification of technologies
of bioenergy waste disposal are: increasing temper-
ature of fermentation and rate of mixing of waste in
digester, continuous loading and unloading, two- and
many stepped fermentation, in which the second and
next stages are used to separate excess water and
reduce amount of biomass, and also technologies of
mechanical, physical and chemical disintegration of
biomass [2].

Quantitative biogas yield in anaerobic digestion in
two different temperatures is established as approxi-
mately equal [7]. Period of biodegradation of organic
substances is reduced in 2 times in thermophilic
regime, however, it requires more energy expenditure
(mixing, heating).

Increased rate of raw materials decomposition,
high biogas yield and almost complete destruction
of pathogenic bacteria, containing in raw materials,
belong to advantages of thermophilic fermentation
process. Disadvantages of thermophilic anaerobic
process are: large amount of energy, required for
heating material in reactor, fermentation process sen-
sitivity to minimal changes in temperature, low qual-
ity of product (biogas) [8].

Methane fermentation under thermophilic condi-
tions affects the rate of reactions occurring at stage of
hydrolysis. Thereby, it raises concentration of volatile
fatty acids, formed from active sludge, that leads to
biogas production increase [7].

Significant reserves of biogas output intensifica-
tion are use of different kinds of structural and tech-
nological methods of anaerobic digestion process
intensification. Mixing in process of anaerobic diges-
tion increases area of contact methane-generating
bacteria with organic mass, that increases productiv-
ity of biogas plant [9].

The main objectives of mixing include: output of
produced biogas; mixing fresh substrate and bacteria
populations; prevention the formation of crust and
sediment; prevention the formation of areas of dif-
ferent temperatures inside reactor; providing steady
distribution of population of bacteria; prevention
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the formation of cavities and clusters, which reduce
effective area of reactor.

In selecting the appropriate method of mixing it
should be taken into account that process of digestion
is a symbiosis between different strains of bacteria,
i.e. bacteria of one type can feed another type. When
the community is broken, fermentation process is
unproductive by the time of bacteria new community
formation, so too frequent or prolonged and intense
mixing is adversely. It is recommended to mix raw
slowly every 4—6 hours.

Mixing in bioreactor has also some disadvantages:
high energy intensity; significant abrasion of equip-
ment; complexity of repair; reducing efficiency due
to silting possibility and presence of fibrous materi-
als; insufficient destruction of floating peel under cer-
tain conditions; insufficient hermetization of appara-
tus because of presence of node shaft seal of mixer
and, consequently, increased explosiveness [§].

All sorts of damage of intermolecular chemical
bonds between the structural elements are the basis of
chemical disintegration method for biomass. Neutral
salts, organic compounds and other substances are
used as reagents in this method [10].

The chemical disintegration of organic waste.
The results [11], obtained after chemical pretreat-
ment, show that using H202 under alkaline condi-
tions leads to decomposition of the three main struc-
tures: lignin, hemicellulose and cellulose. The impact
of temperature, reaction time and concentration of
H202 on the biomass degradation efficiency and the
further methanogenesis was also studied.

The best results were achieved when the process
was carried out at 25 °C for 24 hours using a 5%
solution of H202. Although the level of degradation

was very high for all three plant sources, biogas pro-
duction from energy crops that have been previously
chemically processed, was heavily hampered by
impurity products and residual oxygen formed after
decomposition of H202.

It points to the fact that the alkaline pretreatment
with H202 is a very perspective method of plant
material degradation for biogas production, but the
pretreated biomass should be separated from the
supernatant before the fermentation process because
of the high concentration of inhibitors and hydro-
lysates. The best results were obtained for Sida her-
maphrodita: production of biogas and methane was
2,29 dm3 and 1,06 dm3 respectively.

Previous chemical processing with using a range
of different chemicals, especially acids and alkalis
of different strengths, under different conditions was
investigated [12].

As it is known, at present chemical preprocessing
for biogas production is not carried out on a large
scale, despite the fact that it is widely used for ethanol
production. Oxidative preprocessing that use hydro-
gen peroxide or ozone affects the lignocellulose sim-
ilarly to alkaline processing. Preprocessing like this
can also destroy lignin.

Among the examples of using and exploration of
this technology — is processing of substrate by wastes
from olive production [13]. Olive pulp contains large
amount of phytotoxic compounds and is poorly bio-
degradable, so it is advisable to carry out preliminary
processing with an all substrate mass oxidation. Pro-
cessing with hydrogen peroxide under alkaline con-
ditions reduces the concentration of harmful polyphe-
nols 72%, reduces content of carbon dioxide in biogas
at about 77% and increases the yield of methane.

To consumers

Digested wastes

Wastes

l Biogas

Treated wastes

Digested wastes

Fig. 1. Scheme of chemical disintegration of organic waste by hydrogen peroxide
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Combined pretreatment of waste sludge by free
nitric acid and hydrogen peroxide increases methane
production by decomposition of organic molecules.
It represents a new strategy of preprocessing with
combined use of free nitric acid (FNA ie. HNO2)
and hydrogen peroxide (H202) to increase methane
production from activated sludge with studying of
biomolecular mechanisms [14]. The structure of the
molecular-weight distribution and the results of chem-
ical analysis revealed the disintegration of soluble
macromolecules through the combined preprocessing
caused by the oxidation of typical functional groups to
proteins, polysaccharides and phosphodiephyrs. These
changes improved the biodegradation of sludge.

We have developed a method of intensification of
organic waste two-stage anaerobic fermentation pro-
cess with hydrogen peroxide using (fig. 1).

The method is carried out as follows:

Organic wastes come into the first digester (1) for
the first stage of fermentation, and then some of bio-
mass comes into the node of activation (2), where it
is disintegrated by hydrogen peroxide, and the rest is
put to the second digester (3). After the second stage
of fermentation, fermented biomass comes into pre-
cipitate receiver (4) for storage and recycling, and
biogas comes in gasholder (5) for collecting and then
to cogeneration plant.

As a result of experimental research when apply-
ing this method in a two-stage periodic process of
organic waste anaerobic digestion at a temperature of
45 £50°C with concentration of organic waste — 19 g
per 1 on dry substances, biogas yield increased in four
times compared with the value of control. The heat-
ing value of biogas was 20-25 MJ/m3.

The method increases the degree of organic waste
processing and biogas yield. This method is an uni-
versal because it can be used to intensify the anaer-
obic digestion of any organic waste digestion in dif-
ferent modes, allows to increase biogas yield due to
more complete organic waste conversion into biogas.
It significantly increases energy efficiency and envi-
ronmental safety of the process [15, 16].

Conclusions. The use of biomass disintegration
before its methane digestion is a perspective direction
of new technologies for organic waste processing and
recycling.

According to experiments using chemical meth-
ods of process intensification improves the intensity
of biogas production. These methods have high effi-
ciency and enough low cost.

The result of using chemical disintegration method
is the increasing of organic waste processing degree
and biogas yield. Fermented biomass can be used as
organic fertilizer.
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TEXHOJIOI'IA XIMIYHOI JIE3IHTETPAIII BIOMACH
I YAC AHAEPOBHOTI'O 36PO1KYBAHHS OPTAHIYHUX BIAXO/IB

OcHogHuMU Memodamu nio8UeHHs eqheKmUBHOCMI aHaepoOHOi nepepodbKu OpeaniyHux 6i0x0die € y0o-
CKOHA/IeHHS MEMAHMEHKI8 ma 000amKo8020 0OIAOHAHHS, 3MIHA CKAady cydcmpamy ma 000a8oK 00 Hb02O0,
doodamkosi emanu 06pooxu cyocmpamy. Hagedeno nopieHsAnbHUL aHANI3 SUKOPUCHIAHHA Ni0 4ac MemaHo-
6020 OPOOIHHA MEXHON02Ill MEXAHIUHO020, (i3UUHO20 ma XiMiuH020 posnady biomacu. OOTPYHMOBAHO 3aCcmo-
cy8anua XimiyHoi desinmezpayii Oiomacu nio yac anaepodOHoi 06poOKu opeaniuHux 6ioxodis. l[loxkaszano, wo
006pobOKa biomacu nepexucom 600HIO Modce OYMu YCRIUHO BUKOPUCTIAHA OJisl RIOBULYeHHS CIITYNeHsl nepepoOKU
OpeaHiuHUX 8i0X00i8 y 6iocas.

Knrouosi cnosa: anaepodbna obpodra, opeaniuni 6ioxoou, ximiuna oesinmezpayis, diomaca, 6io2as.

TEXHOJIOI'UsI XUMHUYECKOM JE3UHTEI PALITUY BUOMACCHI
P AHADPOBHOM CBPA’)KUBAHUUN OPTAHUYECKHX OTXO/10B
OcnosHbiMu Memooamu NOGulueHUs dPPeKmuUsHOCMU aHadpPOOHOU NepepadomKu OpeaHUYecKUx Omxo-
008 ABNAMCSA COBEPUEHCINBOBAHIUE MEMAHMEHKO8 U OONOTHUMENbHO20 000PYO0BAHUS, USMEHEHIe COCA8A
cybcmpama u 000a80K K HeMy, OONOIHUMeNbHble 3manvl 0opabomku cyocmpama. Ilpuseden cpagrnumenvhbiil
AHANU3 UCNONb30BAHUSL NPU MEMAHOBOM OPONCEHUU MEXHONOLUN MEXAHUYECKO20, (PUIULECKO20 U XUMUYECKO20
pacnada buomaccel. OBOCHOBAHO NPUMEHEHUE XUMUYECKOU Oe3uHme2payuy OUOMACCyL NPU aHaA3POOHOL 0bpa-
bomke opeanuyeckux omxo0o8. Ilokasano, umo 0opabomka OUOMACCHL NEPEKUCHIO 8000POOA MOdHCen DblMb
VCHeWH o UCNONb3068AHA OJisl NOGBIULEHUS. CIMeNneHU NepepadomKu OP2aHUIecKUx 0mxo008 6 Ouo2as.
Kntouesvie cnosa: anaspobnas obpabomra, opeanuveckue omxoobl, XUMUYeCcKdas Oe3uHmezpayus,
buomacca, 6uoz2as.
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