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Preface

Plant biomass, a commen source of valuable raw materials, has been used by humans
as food, fodder for farm animals, fuel, building and furniture material, as well as a
natural medicine or fertilizer for centuries. With the development of civilization, ac-
companied by the emergence of more efficient energy sources, new structural materi-
als, fertilizers and other chemicals used in various spheres of life, its importance has
still not diminished. It is sull the basic food for humans and animals, a popular energy
source currently used not only as a solid fuel but also — after appropriate processing —
as a liquid or gaseous biofuel used in means of transport, a valuable material emploved
in various industries, as well as a source of hioactive chemicals for the production of
pharmaceuticals, nutraceutics, cosmetics or natural agents that improve soil quality,

Today, in addition to the undeniable application values of biomass, special atten-
tion is paid to the key role that biomass plays for the Earth’s ecosystem, emphasizing
its renewable nature, which ensures the circulation of carbon in the global cycle. The
growth of biomass is related to the absorption of carbon from the atmosphere viag
photosynthesis. Naturally, the combustion of biomass releases carbon in the form of
CO», but it can be assumed that the pool of this element in the atmosphere does not
increase because it is built up back into the plant tissues. Although treating biomass
a5 4 carbon-neutral fuel is an exaggeration, as fossil fuels are also used during the
biofuels production, it should be noted that the energetic use of biomass, especially
the waste biomass or the mass of hydrobionts such as cyanobacteria, which pose the
threat for water ecosystems, certainly contributes to the reduction of the pollutant
emissions and provides many other environmental benefits. Such kinds of biomass are
especially valuable as a raw material used in biorefineries. The idea of biorefining is
gaining more and more popularity around the world. It is based on multidirectional
processing of biomass, as a result of which various products are obtained, while main-
taining the lowest possible CO, emission rate, Biorefining is closely related to another
global mainstream concept - the circular economy, in which attention is paid to the
fact that by-products generated at various stages of raw matenal processing are used
as substrates in another production process.

Biomass, as a raw material for industry and energy, has a number of advantages
including wide availability, renewable nature, and usually low acquisition cost
(especially in the case of waste biomass). However, it also has certain disadvantages.
Its biodegradable nature can be a problem during transport and storage. Addition-
ally, the use of special preservation methods, such as drying and ensiling, or pro-
tection against external factors is sometimes required. On the other hand, in some
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types of applications. 1t 15 necessary to increase the biodegradability of biomass.
The high share of polysaccharides and lignin in hgnocellulosic structure limits the
efficiency of biomass conversion to the targeted products when the biological pro-
cessing 15 realized. Enhancement of biodegradability 1s achieved through a number
of processes based on various mechanisms, ranging from the simple mechanical
processing consisting in grinding or crushing to complex and multi-stage chemical
or physicochemical methods.

The book shows the exemplary applications of different types of biomass for the
production of biofuels and other useful products, such as fertilizers, chemicals, and
drugs. Special attention is paid to the practical directions of using the biomass of hy-
drobionts and microorganisms of activated sludge. Considering different applications
of the biomass-derived products, the environmental, economic and energetic aspects
were taken into account.
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3.1 INTRODUCTION

One of the ways of environmental-friendly and rational use of {uel and energy re-
sources 1s the investment in the renewable energy sources, such as construction of
solar, wind, and bicelectric power plants. In Ukraine, such investments were about
3.7 million euros in 2019. The implementation of bioconversion helps dispose of or-
ganic waste in biogas installations, prevents the contamination of the biosphere with
harmful substances, and allows obtaining an alternative source of energy — biogas,
The process of methane formation requires energy consumption for thermal stabih-
zation of anacrobic fermentation in biogas installations (Suresh et al. 2013, Weiland
2003). In terms of scientific research, the energy-saving mechanisms for providing
thermal stabilization in biogas energy installations are insufficiently substantiated.

DOI: 10.1201/9781003177593-3




26 Biomass as Raw Marerial for the Production of Biofuels and Chemicals

It is possible to increase the energy efficiency and environment friendliness of bio-
conversion by rational selection of alternative renewable heat sources for fermen-
tation processes of thermal stabilization. Such alternative sources are solar energy,
low-potential thermal energy of soi1l and water as well as utilization of thermal emis-
sions of bloconversion systems (Zabarny: & Shurchkov 2002), Ukraine plans to give
up the coal energy by 2050, The share of renewable energy sources is predicted to
make up 704,

The analysis of the literature shows that the theoretical and experimental studies
of animal waste bioconversion mechanisms and kinetics of the technological process
were conducted by G. Ratushnyak, E. Larushkin, 8. Yakushko, M. Drukovam, and
0. Zuev (Rotshtein 1999, Novola et al. 2006, Rotshtein et al. 2008). An expert system
for anintelligent support of energy-saving management of bioconversion technological
process 15 also considered in the works of E. Larushkin and A. Rotshtein { Rotshiein
1999, Rotshtein et al. 2008). There are no examples in the literature of the calculations
related to the ecological and economic efficiency of bioconversion (Drukovani et al.
2006, Noyola et al. 2006, Rotshtein et al. 2008). The purpose of the research was to
create a theoretical background and develop a scientifically proven system of making
effective decisions for choosing an innovative bioconversion project.

In order to achieve this goal, the research should solve the following tasks
(Geletukha & Martseniuk 1999, Ratushnyak & Anokhina 2013, Zhelikh et al. 2013):

= Develop a classification of factors affecting ecological and economic indicators of
the mechanisms for ensuring thermal stabilhization in biogas plants (Zadeh 1975,
Zuev 2009},

+  Develop a hierarchical system of mathematical models related to multifactor anal-
ysis regarding the ecological economic ethciency of the mechanism ensuring the
process of thermal stabilization based on fuzzy logic, which takes into account
the influence of quantity and quality factors (Redko et al. 2016, Kukharchuk et al.
2017).

3.2 METHODOLOGY

The classification of the factors affecting ecological and economic indicators of mech-
anisms ensuring thermal stabilization in biogas plants was developed. The inference
tree (Figure 3.1) is based on classified factors; it defines a system of nested statements
and establishes hierarchical links between them. It characterizes the impact of a set of
influencing factors. It can be represented as a fixed ratio:

¥ = f(X.Z), (3.1)

where
Xis a linguistic variable which describes environmental factors:
¥ is a linguistic variable which describes economic factors.

The linguistic variable X that describes environmental factors can be represented by
the expression:

X =f(x,%2,%3) (3.2)
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Ecology-economic elliciency assessment of bioconversion {Y)
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Figure 3.1 The tree of inference which concerns hierarchical relationships of factors that
influence environmental and economic assessments of a bioconversion project.

where
xp 15 the hnguistic variable *C0; emissions”,
x5 15 the inguistic vanable “organic waste disposal”,
x3 1% the linguistic variable “environmental pollution™

The linguistic variable £, which describes environmental factors, can be represented
by the expression:

2:I{E]‘231231E4!251fﬁ1gj}- EE-H}

where
z) — the linguistic variable “term of recoupment”™;
23 — the linguistic variable “Net Present Value™;
23— the linguistic variable “Internal Rate of Return™;
z4 — the inguistic variable “Profitability Index™,
z5 - the linguistic variable “duration of operation™,
zg — the lingwistic variable “profit”;
z7— the linguistic variable “operating costs”,

Simulation of the system-level intellectual support of project variant selection can be
done by using the following terms:

T'(Y )= {Low, Below Average, Average, Above Average, Hi gh:ju
T(X)={Low,Below Average, Average, Above Average, High |
)= -::Luw, Below Average, Average, Above Average, High::

The fuzzy inference technique helps calculate the predicted number by means of a
fuzzy set using the “IF - THAT" linguistic expression system. It combines the fuzzy
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terms of output and input variables by using operations I and OR, which correspond

to operations min and max (Zadeh 1975, Rotshtein et al. 1997, Rotshtein 1999),
Linguistic statements correspond to a system of fuzzy logical equations, which

characterize the surface of belonging to the varables (X, Z) of the corresponding term:

B ¥ )= (X a g (Z) v pga(X)apy (Z)v gp (X ) a pigg(Z) (3.4)
HpalY )= X)n fpa(Z) Pg(X) A g (Z)v (X ) piga(Z) (3.5)
(Y )= (X pn p (L) g (XA g (2w g g{X) A iy (Z) (3.6)
(V)= g X ) Py g(Z)v LXK DA g (Z) v g (XD on gy (Z) (3.7)
Hgl(Y )= pyg(X)n g (L) g X)a g (L) g (X ) a4 (L) (3.8)

The assessment of linguistic variables levels related to environmental factors (X7) is
done by the amount of CO; emissions (x;), the level of organic waste utilization (x-)
and the level of environmental pollution {x4) using the following system of term sets:

T (x))={Low, Average, High)
T (x3) ={Low, Average, High)
T (x3)={Low, Average,High}

The system of fuzzy logical equations which characterizes the surface of belonging
to the variables (xq, xs, x3) of the corresponding term can be shown as the linguistic
statement:

B X =gy (q)apty (e ) Ay () v iy () Ay () Al () v ()
Hr (x2)npig (x3) (3.9)

Peal X )=y () apte (o) a iy (x3) v g (2 ) aptr (2 )y (xs) v g (x).
e (362) A (33) (3.10

Ha(X)=prg () nplg(xo )ty (x3) vy (o) apy (xa)apty(xa)w iy (x).
Hy(x2)apty(x3) (3.11)

Hag(X)=piq () atg () afly (Xa) vy (0 )iy (xp)m g (6a) v iy (x)
Mg (X2) A~ flq(x3) (3.12)

M (X =y () apty (2 ) apy (e ) v ity (xdapiy () aptp (x3) vy ()
Mg (xa)App (x3) (3.13)

The assessment of the levels of linguistic variables linking economic factors (£) with
payback period (z(), with Net Present Value (z5), with Internal Rate of Return (z1), with
Profitability Index {zg), with duration (zs), with profit (z¢), and with operating costs {z7)
15 performed by using a system of term sets:
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T(z;)={Small(S), Average,Long(Ln})
T(z3)={Low, Average, High
T(z3)={Low, Average,High}

T (z4) ={Low. Average, High)
T'(z5)={Small(8), Average, Long(Ln}
T(zs)={Low, Average, High}

T'(z7)={Low, Average High

The system of fuzzy logical equations which characterizes the surface of belonging
to the variables (z, z4, 23 z4. 2, 25 29) of the corresponding term can be shown as the
linguistic statement:

HilZ) = aptpn(z) A pp (22) At (23 ) A (za) moper (25) A i (26 ) A e (27 ) v
BalZy ) g (22 ) (z3)n g (za) n s (zs ) mopg (26 ) m g (29) v
Hinlz)apta(za) app(23) A e (za) mops(25) ~ it (26) ~ ptr (27) (3.14)

HeA(Z)= Appa(z)m pa(zo)m pa(za) A pr (za) A pis (25) Apir (26 ) A g (27 v
BentZ)app(z2) aptg (z3) A g (za) apts (zs) mopip (26 ) A gy (27) v
Balzi)apg (za)apg(za) apee (za) apis(zs ) gig (26) A iy (X7 ) (3.15)

pa(Z) = npg(z)apg(za) npglz3) o palzad nopa(zs) s pglze) npra(ze) v
HalZy) g (z2)n prglzs) m plglza) o prs(zs ) o ptp (26) A gl ) v
Hialz)app (za) asg(23) apg (za) A pis(25) mopap (26) A p (X7) (3.16)

palz)mgg(za) A pa(za) moep (za) m g (2s) m g (26 ) m i (27) v
Hs(Z) Aty (22) A palzs) s pia(za) n pa (25 ) gz ) At (27) (3.17)

Ha(X)=apis(z) A pig(z2) A e (23) A e (za) A e (2s) A g (26) A i (27) v
Hs(Zy)npalza) m g (z5) g (2a) A g (25) A gy (26 ) A g (29) v
Hs(zi) Aty (22) o g (23) A e (24) A pipn (25) A (26 ) Ao (X7 ) (3.18)

The fuzzy logic confirmation technique allows observing an indicator predicted as
fuzzy sets. Fuzzy sets estimate the environmental and economic performance of a
project variant for the fixed vector of influencing factors. In order to move from the
obtained [uzzy sets Lo quantity assessment, a dephasing procedure must be performed.
It consists in the transformation of fuzzy information into a distinet form. Among var-
ious methods of defuzzification, the most common is finding the “center of gravity™ of
a flat figure, which is limited by the function of fuzzy set membership and horizontal
coordinate. The fuzzy inference model, together with the dephasification procedure,
provides an opportunity to monitor the changes in the baseline — the environmental
and economic efficiency of the project.
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Figure 3.2 5Structural and logical model of managing ecological and economic feasibility of
an innovative bioconversion project.

In order to assess the economic efficiency of the mechanisms for providing ther-
mal stabilization process in biogas installations at the conceptual phase of the life
cycle of an investment project, a structural logical model for minimizing the bio-
conversion products cost by managing renewable energy sources has been oftered
(Figure 3.2). This model allows taking into account required variable data about the
dynamic parameters of the thermal stabilization process in the production of biogas
as ecological energy source.

3.3 CONCLUSIONS

= Formalization and hierarchical classification of the quantity and quality factors
were completed, which are important and significantly help determine innovative
appcal of a bioconversion project variant.

*+  Models of managing the assessment of bioconversion ecological-economic effi-
ciency based on fuzzy logic at ecological and economic levels were developed.

= For the first time, a structural and logical model for managing ecological and eco-
nomic feasibility of an innovative bioconversion project was created,




Thermal Stabilization of Biogas Installations 3|

REFERENCES

Drukovani, M.F., Yaremchuk, O.5. & Sosnovskaya, LY. 2000, Biomass Processing Technology:
Monograph. Vinnytsia: VNALL

Geletukha, G.G. & Martsenink, 5.A. 1999 A review of biogas production and utilization tech-
nologies in landfills and landfills of solid household waste and prospects for their develop-
ment in Ukraine. Ecorechnology and Resource Saving 4; 6-14.

Kukharchuk, V¥, Kazyv, 5.5, & Bykovsky, 5.A. 2017, Discrete wavelet transformation in spec-
tral analysis of vibration processes at hyvdropower umits. Przeglad Elekirotechniczny 93(5):
B3-68.

Movola, A., Morgan-Sagastume, J. & Lopez-Hernandez, J. 2006, Treatment of biogas produced
in anaerobic reactors for domestic wastewater: odor control and energyfrecourse recovery.
Environmental Science and Biotechnology: 93 114,

Ratushnyak, .5, & Anokhina, KW, 23, Energy Efficient Bioconversion Technologies and
Equipment: A Morograph, Vynnitsia: Vinnytsia National Tech. Univ., VINTU, 166 p.

Redko, A.Q., Bezrodnyi, MK, Zagoruchenko, MV, & Dolinsky, A A. 2016, Low Potential
Energy: A Textbook. Kharkiv: Madrid Printing House.

Rotshtein, AP 1999, Intellizgent identification Technologies. Fuzzy Sets, Genetic Algarithms,
Newral Networks. Vinnitsa: Universum.

Rotshtein, AP, Larushkin, E.P. & Katelnikov, DL 1997 Multivariate analysis of bioconversion
technological process on the basis of linguistic information. Bulletin of VPI 3: 38-43.

Rotshtein, AP, Larushkin, E.P. & Mityushkin, Y.I. 2008, Soft Computing in Biotechnology:
Multi Factorial Analysis and Diagnostics: Monegraph, Vynnitsia: Vinnytsia National Tech.
Univ., VWNTU, 144 p.

Suresh, B, Baral, 8., Pudasaini, S.P,, Khanal, 8.N_, Gurung & D.B. 2013, Mathematical model-
ling, finite element simulation and experimental validation of biogas digester slurry temper-
ature, Mmeernational Jowrnal of Energy and Power Engineering 2(2); 128-1335,

Weiland, P. 2003, Production and cnergetic usc of biogas from cnergy crops and wastes in
Germany. Applied Biochemisiry and Biotechnology 109: 263-274,

Zabarnyi, G.M. & Shurchkov, AV, 2002, Energy Potential of Non-Traditional Erergy Sources of
Ckraine, Kyiv: Institute of Engineering Thermophysics of NAS of Ukraine, 210 p..

Zadeh, L.A. 1973, The concept of a linguistic variable and its application to approximate rea-
soning, Jowrnal of fnformation Science, 8 199249,

Zhelikh, V.M., Lesik, H.R., & Piznak, B.1. 2013, Investigation of the exergy efficiency ol
low-temperature solar collectors, Modern Technologies, Marerials and Structures in Construc-
fion 1: 135-142.

Luev, 0.0, 2009, Economic aspects of introduction of modern biogas installations. Proceedings
of the TDATI9(5); 83-92,



	2021-11-03_13-06-30
	2021-11-03_13-07-18
	2021-11-03_13-08-11
	2021-11-03_13-08-44
	2021-11-03_13-09-21
	2021-11-03_13-09-49
	2021-11-03_13-10-26
	2021-11-03_13-11-42
	2021-11-03_13-12-13
	2021-11-03_13-12-42
	2021-11-03_13-13-11
	2021-11-03_13-13-39
	2021-11-03_13-14-18
	2021-11-03_13-15-05
	2021-11-03_13-15-43
	2021-11-03_13-16-11
	2021-11-03_13-16-37
	2021-11-03_13-17-05
	2021-11-03_13-17-33
	2021-11-03_13-18-08
	2021-11-03_13-19-59
	2021-11-03_13-20-24
	2021-11-03_13-20-50
	2021-11-03_13-21-16
	2021-11-03_13-22-02
	2021-11-03_13-22-27
	2021-11-03_13-22-52

