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Abstract. The most common waste of agricultural production is straw of various
crops and in particular wheat straw. During energy shortages, straw can be used as an
energy resource in two ways: the first is direct combustion and obtaining thermal energy,
and the second is its fermentation. In addition to obtaining biogas, highly mineralized
organic fertilizer will also be obtained, which, when applied to the soil, will improve its
fertility. As can be seen, the second method of using straw is more rational, but requires
more complex equipment and a scientific approach to the methanogenesis process, since
straw contains lignin, which gives it a rigid structure and makes it resistant to biological
decomposition. Therefore, before fermentation, it is necessary to pre-treat the straw to
destroy lignin and give microorganisms access to cellulose and hemicellulose
polysaccharides.

There are different methods for the degradation of straw, namely: mechanical,
chemical, biological, physical, thermal or combined. The use of one or another method
requires a technical and economic justification. That is, it is necessary to take into account
the specific energy consumption, the cost of equipment, chemicals and the environmental
friendliness of the process.

To change the structure of straw, you can use high-frequency electromagnetic fields
generated by a Tesla transformer.

Before processing, straw is crushed and soaked in tap water and then exposed to a
high-frequency electromagnetic field.Under the influence of a high-frequency
electromagnetic field, the destruction of cell organelles of straw occurs, which will
improve and accelerate the fermentation process, since complex compounds such as
polymers are broken down and dissolved into monomer units through an enzymatically
catalyzed reaction with water. Also, under the influence of a high-frequency
electromagnetic field, changes occur not only in the tissues that are directly affected, but
also systemically in remote tissues of the stem.
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Introduction. Straw is one of the most common agricultural wastes and is rich in the

biodegradable polysaccharides cellulose (approximately 35% by mass) and hemicellulose
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(approximately 25% by volume) [1,2]. However, the polymers are interconnected by an
anaerobically non-degradable polyphenolic compound, lignin (approximately 10-20%),
which gives straw a rigid structure and makes it resistant to biodegradation through a
number of different mechanisms, such as lignin-carbohydrate bonds, physical
encapsulation of cellulose and hemicellulose, and non-productive adsorption of
hydrolyzing enzymes [3]. Cellulose crystallinity and degree of polymerization have also
been reported as some of the key factors that negatively affect the degradation process [4].
Therefore, when straw is used as a feedstock in biogas production, low methane yield and
low production rate are expected. This can be primarily explained by the difficult
hydrolysis, which is the first reaction step in the degradation process, where polymers are
broken down and dissolved into monomer units through an enzymatically catalyzed
reaction with water [5]. Biogas production from wheat straw is one of the strategies for
converting biomass into bioenergy, but pretreatment of the lignocellulosic material is
required to make the substrate biodegradable.

Analysis of recent studies and publications. Previous studies have identified
different types of methods to reduce the stability of lignocellulose: chemical, physical,
thermal, biological and mechanical pretreatments, which were used alone or in
combination.Methods propose several strategies aimed at dissolving certain polymers,
making others more accessible and/or disrupting the physicochemical structure, thus
increasing the bioavailability of the internal structures [4]. Although thermochemical
pretreatment, such as steam explosion, has proven highly effective in increasing the
digestibility of lignocellulosic materials, it requires high temperatures, the addition of
chemicals and subsequent pH neutralization steps and is often designed to suit a single
feedstock. Mechanical pretreatment mainly aims at cutting, shredding, grinding or
pressing the straw into smaller pieces by grinding, milling, extrusion, pelletizing,
briquetting, etc. Extrusion, for example, is based on single or twin screw elements that
break the material into smaller fractions by shear force, transporting it forward. Previous
studies have shown that such pretreatment of lignocellulosic biomass can lead to an
increase in methane yield from 16 to even 99.5% [6, 7]. It is also believed that the reduced

particle size increases the surface area of the substrate, which will have a positive effect on
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the methane production rate and methane yield, suggesting that the bioavailability of the
degradable substrates is simultaneously increased. Several studies have been conducted in
which a positive effect of particle size reduction on biogas or methane yield has been
observed [8]. but they require significant energy input.

Studies [9] have shown that EMFs from a Tesla transformer cause non-thermal
destruction of cellular organelles, and interactions between EM fields and cellular
ultrastructural compartments have been observed. Observations [10] show that under the
influence of non-thermal effects of HF-EMFs, changes occur not only in tissues that are
directly affected, but also systemically in distant plant tissues.

Research objective - assessment and analysis of the impact of high-frequency
electromagnetic fields on the structure of wheat straw.

Materials and methods of the study. For the study, wheat straw was crushed in a
laboratory grinder and soaked in tap water for 30 min at a temperature of 170 C, after
which it was placed in the electromagnetic field of a Tesla transformer. The treat

ment of wheat straw with a high-frequency electromagnetic field is shown in Fig. 1.

Fig.1. Processing of wheat straw by the electromagnetic field of a Tesla transformer:

1 — Tesla transformer:; 2 — crushed straw

The electromagnetic power density associated with electromagnetic waves (measured
In watts per square meter) is characterized by the Poynting vector . The Poynting condition
in differential form states that at any point of the source, its energy per unit time is spent

on heating the conductor, on changing the energy of the electromagnetic field, and on
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transferring energy in the form of the divergence of the positive Poynting vector IT =
[(E,) H], which is equal to the vector product of the electric and magnetic field strengths
[11]. It is directed at each point in space in the direction of energy transfer and is
numerically equal to the energy transferred per unit time through a unit area located
perpendicular to the direction of energy transfer. Thus, the energy produced by sources in
a certain volume is spent on heating conductors in this volume, on the movement of free
charges, on the change of energy in the electric and magnetic fields and, in addition, part
of the energy of the sources is transferred beyond this volume through the surface S that
limits it, into the surrounding space. The specific power of the electromagnetic field was
measured with a PCE-EMF 30 device, and the frequency with a Tiny SA ULTRA.

Research results and their discussion. The voltage equation on the capacitance of
the secondary circuit, excited by the field of the primary circuit winding, can be written in
the form [11]:.

d2U,® . dU(0)

di2 + 20, T'FMEDUQ(E:J:(Wé?o'kl)'Ulm'SiH(ﬁllf)- (1)

where w,, = ;— and 8, = =2 are the natural frequency and the decay decrement of the
[Loc; 2 21,

W

secondary winding of the Tesla transformer, respectively.
The general integral of equation (1) can be represented as the sum of the general solution
of the homogeneous —Uz(t) and the partial solution of the corresponding inhomogeneous
equation —Uy; (t)

U, (t) = Upo () + U, (0), )
where Uso(t)=e=%2t - [C, - cos(w, t) + C, - sin(e, 1)]; w, = /w2, — 62;

(mé?o "k )Uim
(mgo - msz +(26,w,)?

Uy, (8) = -[(w3p — wi) sin(w; 1) — (268, w;) cos(w, t)].

Expression (2) is checked by the limit transition at t — oo with the further assumption

—d,— 0. From the point of view of physics, this is a stationary regime, since there are no
active losses in the secondary circuit.

From (2) we determine that:
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lime—e, U, (t) = m“ Am o sin(w,t) ], . = Uy(t) = oo, (3)
§o—0 (wig—w] 1—az

The resulting expression (3) is a well-known dependence, the transition to which
indicates the validity of formula (2)
Satisfying the zero initial conditions in expression (2), we find the voltage on the

capacitance of the secondary circuit of the Tesla transformer

U,(t) = M [e~82t2L ((25 w,) cos(w,t) + (262 — (w?; — w?)) - sin(w,t) +

{ ZD J.:]z
(w3, — wi)sin(w,t) — (Zﬁzmljms(mlt)].

(4)

In accordance with the problem statement, it is necessary to fulfill N. Tesla's

recommendation: Q.>>1. This means that @, = (‘”ZR%LZ)= {],5-(%] >> 1. Therefore,

(i) ~ 2 « 1 is an infinitesimal quantity.
Wap Q2

In expression (4), we will neglect infinitesimal quantities of the second order and
higher relative to — . In this case, we can assume that w2~ wzo. In addition, we introduce

Wapg

the resonance condition and assume that the resonant frequency and the excitation
frequency of the system are equal to each other mi~ wy. After performing the necessary
identical transformations, we obtain the time dependence for the resonant voltage on the
capacitance of the secondary circuit of the Tesla transformer.
k —
U, (0 ~ (2)- Uy [2Q; - cos(wy8) - (1—e%)]  (5)

1
In steady state, when e >> = Ifz

2

neglecting quantities of order ( ]Eand higher,

from expression (5) we find that
U,(t) - —(k,-Q,) Uy, cos(w,t). (6)

From (6) we obtain the voltage transformation ratio in the Tesla transformer
kTes!a _}kllf\?z > 1. (7)

The obtained result shows that the voltage transformation when fulfilling the resonant
excitation conditions and the requirement of a sufficiently large Q factor of the secondary
circuit occurs with an efficiency that is much higher than the transformation due to the
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inductive coupling between the primary and secondary circuits, since N.Tesla Kresia/ ki—
Q2>> 1, and actually Q>>1.

The depth of penetration of the electromagnetic field into the medium (skin effect) is

determined by the formula [12]:
1

Fl:E. (8)

where: a is the wave attenuation coefficient, which depends on the electrical conductivity

of the medium o and the fundamental frequency of the field f:

a— e (e L () ©

where: € and o are the absolute dielectric and magnetic permeability of the medium,

respectively.

The electromagnetic power density associated with electromagnetic waves (measured
In watts per square meter) is obtained by the cross product between the electric and
magnetic field vectors (namely the Poynting vector) for each point in space.

The absorbed electromagnetic power (Pd) in a volume (V) over a period of time is
given by [9]:

Pa=[ff, L=av., (10)

where: v is the conductivity S/m E is the amplitude of the electric component, V.

The distribution of the specific power of the electromagnetic field, determined in the
area of the location of the crushed wheat straw samples, is shown in Fig.2.

The specific field power during processing was 200 W/m2 at a frequency of 1.51
MHz.

Before and after processing with the electromagnetic field of the Tesla transformer,
the structure of the straw was examined under a light microscope.

Fig.3, Fig.4 and Fig.5 show images of the surface of the crushed wheat straw of the
control sample, respectively, treated with the electromagnetic field of the Tesla

transformer for 15 min and 30 min.
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Fig.2. The dependence of the specific power of the electromagnetic field of the Tesla

transformer on the distance

Straw cell

Fig.4. Image of wheat straw after exposure to a high-frequency electromagnetic field
of high electric intensity for 15 min
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Fig.5. Image of wheat straw after exposure to a high-frequency electromagnetic field

of high electric intensity for 30 min

As can be seen from Figure 4, with a treatment duration of 15 min, lignocellulose in
the cell began to break down, and Figure 5 shows that they are broken down, so it is
necessary to subject the crushed wheat straw to 5 mm for 30 min. At the same time, the
specific energy consumption for the preliminary treatment of wheat straw before
methanogenesis was 39.7 kWh/t. of which 7.5 kWh/t for mechanical grinding, and 32.2
kWht for the influence of the electromagnetic field. Soaking - 100 I/t of water.

The specific energy consumption for mechanical grinding of straw on a hammer
crusher to fractions with sieves of 3.2 and 0.8 mm is 11.4 and 51.6 kWh t —1, respectively
[13].

Conclusions and prospects.

The results of the research show that under the influence of a high-frequency
electromagnetic field, lignin in wheat straw is destroyed with lower specific energy
consumption than mechanical grinding, and accordingly, the amount of biogas produced
during its fermentation will increase.
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HNIATOTOBKA NIIEHUYHOI COJIOMMU 10 35POJ1KYBAHHS
BIIVIMBOM EJIEKTPOMATI'HITHOI'O ITOJISI TPAHC®OPMATOPA TECJIA
I1. b. Knenoiii, kanouoam mexniunux HayK, 0OueHm

AHoOTauisA. Haunowupeniwum 8i0X000M CilbCbKO2OCNOOAPCLKO20 BUPOOHUYMBA €
CONIOMA PI3HUX KYIbMYpP I, 30Kpemd, coloma nuienuyi. Y uac emepeemuunoco oegiyumy
COJIOMY MOJNCHA BUKOPUCMOBYBAMU, K eHepeemMUYHULL pecypc 080MA CROCOOAMU. nepuiull
— Yye npame CHNaNB8AHHS | OMPUMAHHA MENN080i eHepeii, a opyeuti — ye il
30poodcysanns. Ilpu yvomy Kpim  ompumaHnus 6ioeazy, we OMpPUMArOMb BUCOKO
MiHepanizoeane opeaniyne 00OpUBo, siKke Npu HECeHHi 8 epyHm Oyoe NoKpawysamu 1Uo2o
poowuicms. K 6uoHo, Opyauti cnocib UKOPUCMAHHS COIOMU OilbUl PAYIOHANbHUL, ale
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8UMaA2A€ OLIbUL CKIAOH020 00JIAOHANHHS MA HAYKOB020 NIOX00Y 00 Npoyecy MemaHo2eHes3),
OCKIbKU COJIOMA MICMUMb JNiHIH, AKUU HAOAE HCOPCMKY CMpPYKmypy i pooumv ii
cmilikoro 00 0ionociuno2o posknadanus. Tomy neped 30po0x#CYBaAHHAM HEOOXIOHO
npogecmu nonepeoHro 00poOKY coloMu, wob 3pyuHysamu JieHiH | oamu O00Cmyn
MIKpOOpeauizmam 00 nouicaxapudis yearono3u i 2emiyentonosu.

s Oeepaoayii conomu icHytoms pi3Hi cnocoou, a came: MeXAHIYHUL, XIMIYHUL,
bionoeiunuil, @izuuni, mepmiyni abo KombOiHosani. BuxopucmauHs moco abo iHUuL020
Cnocoby 8umMazac mexHiko-eKOHOMIYHo20 00IpyHmyeants. Tobmo nompioHo epaxoeysamu
nuUmMoMi sUMpamu enepeii, apmicms 001A0HAHHA, XIMIKAMIE MA eKOJIO2IYHICIb NPOYecCy.

l]o6 3minumu cmpykmypy COJIOMU, MON*CHA BUKOPUCMOBYBAMU BUCOKOYACHOMHI
eleKMpPOMazHimHui noJis, AKi 2enepyiomucst mpancgopmamopom Tecna.

Ilepeod 06pobKor0 conomy nodpibHw0Mb | 3aMOUYIOMb Y 86000NPOGIOHIL 800I i NIC/A
Ybo2o ni00aromsv GNIUBY eNeKMPOMASHIMHO20 Nnoid 6eucoxkoi uacmomu. I1io Oicro
BUCOKOUACMOMHO20  eJIeKMPOMASHIMHO20 NOJIsL  NPOXOOUMb  PYUHYBAHHA  KIIMUHHUX
opeanes conomu, wo 00360JUMb NOKPAWUMU | NPULUBUOWUMU npoyec 30P00*CYBAHHS,
OCKIIbKU CKIAOHI CNOJYKU MAKI, AK NOAIMepU pPO3Weniolomsvcsi ma pOo3UUHAIOMbCA Ha
MOHOMEDPHI 0OUHUYI Yepe3 hepMeHmamusHo Kamanizoeany peaxyiio 3 6000w. Taxooic nio
0i€I0 BUCOKOUACMOMHO20 eNeKMPOMACHIMHO20 NOJisL 8i00Y8AIOMbCSL 3MIHU He MINbKU 8
MKAHUHAX, AKI Ni00aromecs 6e3nocepeonbomy GNIAUBY, dle MAKONC CUCTEMHO Y
8I00aNeHUX MKaHUHax cmeoiua.

Kuro4oBi cioBa: gucokouacmommue eiekmpomazHimue nosne, RULEHUYHA CO0OMA,
mpancgopmamop Tecna, enepecemuuna egpekmuenicmso
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