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Practice of Ecological Management 
of Waste Disposal with Elements of Printing Design

The problem of disposal of municipal solid waste (M SW ) is considered, taking into account 
the presence of inclusions in them in the form of paint and varnish coatings of printing design.
It is shown th a t their disposal, given th a t more than 90 % of M SW  have such inclusions, 
requires sound technological solutions. It is shown th a t the main problem is the disposal of 
“mixed w aste”, which covers all plastic packaging waste from household waste and includes 
rigid and flexible products from various types of polymers and colors, which are usually 
created w ith a prin t design element. It is proposed to  use high-tem perature disposal methods 
based on pyrolysis and gasification processes. It is advisable to consider such methods in 
combination w ith technologies for obtaining alternative energy carriers and obtaining various 
types of substances and energy on their basis, for example, mechanical, therm al and electrical.
A description of the processes of gasification of low-grade solid fuels by the method of ther­
modynamic modeling is presented. It is shown th a t the economic efficiency of waste disposal 
increases significantly when the pyrolysis and gasification processes are combined when the 
pyrolysis p lant and the gas generator waste disposal process are combined into one technolog­
ical process, which will make it possible to bring the waste utilization to almost 100%. It is 
also indicated, as promising, the use of gasification and pyrolysis products, including coke 
and hot ash, in external combustion engines of the Stirling engine type (w ith external heat 
supply). Bibl. 8, Fig. 5.
K eyw ords: m unicipal solid waste, prin t design elements, pyrolysis, gasification, waste trea t­
ment, thermodynamic modeling, combined converter.
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Introduction

W aste is an objective consequence of the civili­
zation development, which creates many problems 
and requires decisive environmental action. But, 
on the other hand, waste is a resource that, in a 
m arket economy, can contribute to the overall en­
ergy balance. M unicipal solid waste (M S W ): 
household waste and waste from other sources, 
such as retail, adm inistration, education, health 
services, accommodation and food services, etc. 
This fraction includes a wide range of products 
from different m aterials: organic, plastic, metal, 
paper, glass, bulky items, batteries, exhaust 
o ils /lu b rican ts , light bulbs, etc. I t  represents 
around 10 % of the to ta l waste generated by mass. 
More than 90 % of M SW  has varnish and paint 
coatings due to printing design. The removal of 
such paint elements by sorting technologies pre­
sents a significant technical challenge [1].

Therefore, the main task of the disposal systems 
for printing (packaging) products is a scientifically 
sound choice of technologies for innovative pro­
jects in order to  ensure minimum or complete ab­
sence of emissions, as well as maximum production 
of target end products or raw m aterials. These 
tasks can be most fully achieved by using a system 
of sorting, identification and separate processing of 
waste types, in particular, plastic film packaging 
and packaging using modern resource-saving tech­
nologies. To do this, it is advisable to conduct a 
prelim inary physic-chemical and physic-mechani­
cal analysis of products, as well as the calculation 
of technological, environmental and social param ­
eters of their disposal, taking into account the 
characteristics of energy efficiency of equipment. In 
order to improve waste management, actions are pri­
oritised following the “waste hierarchy” (Figure 1).

G lobal demand for food, feed and fibre in ag­
gregate is expected to  increase by 70 % by 2050. 
However, finite resources are becoming increas­
ingly scarce and expensive to extract, w hilst re­
newable resources are often harvested at unsustain­
able rates.

Technological aspects

Best environmental practices in several areas of 
waste management are already set out in European 
legislation and other European reference docu­
ments, such as Best Environm ental Management 
Practices (B E M P) — best practices in environ-

Figure 1. W aste hierarchy according to  the W aste 
Framework Directive (2 0 0 8 /9 8 /E C ) .

m ental management and aims to help local waste 
management authorities and waste management 
companies move towards a “circular” economy [2].

This report — BEM P was prepared by the Jo in t 
Research C entre of the European Commission in 
support of the im plementation of the sectorial cer­
tification strategy EMAS (Eco M anagement and 
Audit Scheme) for the waste management sector.

The document was developed by the European 
Commission’s Jo in t Research Centre (JR C ) on the 
basis of desk research, interviews w ith experts, site 
visits and in close cooperation w ith a Technical 
W orking Group (TW G ) comprising experts from 
the sector. This document is based on a preparatory 
external study carried out by BZL Kommunikation 
und Projektsteuerung GmbH (Germ any) and E3 
Environm ental Consultants Ltd. (U K ), whose 
findings are presented in a Background Report.

The Figure 2 illustrates the waste management 
phases in relation to this report: 1 — the ones cov­
ered, in 2 — the one partially  covered, and in 3 — 
the ones not explicitly covered.

Figure 2. W aste management activities covered in 
the scope of BEM P.
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The main problem is the disposal of “mixed 
w aste”, which covers all plastic packaging waste 
from household waste, and includes rigid and flex­
ible products of various polymer types and colours, 
which are usually generated w ith the element of 
printing design. Given the impossibility of effec­
tive separation of printing elements for most mixed 
waste streams, this mass remains as a residual com­
ponent, which is usually sent to the final disposal 
or recovery of energy [3]. To minimize the compo­
nent for disposal, a ttention should be paid to high- 
tem perature disposal methods based on pyrolysis 
and gasification processes.

I t  is advisable to consider such methods in com­
bination w ith technologies for the production of 
alternative energy carriers and the production of 
various types of substances and energy on their ba­
sis, for example, mechanical, therm al and electri­
cal. So, all mixed waste can be considered as a type 
of fuel w ith its inherent calorific value.

Today a certain amount of experience has been 
accumulated to assess the com bustibility of various 
m aterials. The lower lim it of the calorific value at 
which they can be burned w ithout additional fuel
is from QH.min 3 .35 M J /k g  to QH.min
4.19 M J /k g  [4]. The Swedish scientist Tanner 
found th a t w ithout additional fuel, various m ate­
rials can burn w ith moisture content (W ) of not 
more than 50 %, ash (A) of not more than 60 % 
and combustible substances (C ) of at least 25 % 
[3]. Figure 3 shows T anner’s triangle, illustrating 
the area of combustion of a substance w ithout ad­
ditional fuel [4]. According to Tanner, the lower 
lim it of the calorific value of high-ash and wet m a­
terial, a t which it is possible to  burn it w ithout the 
use of additional fuel, corresponds to  the condi­
tion: W  = 50 %, A = 25 %, C = 25 %.

Based on this relationship, we can conclude 
th a t most M SW  should be considered, first of all, 
as a raw m aterial for energy production.

This M SW  disposal method will make it possi­
ble to tu rn  waste into a valuable raw m aterial, a l­
lowing the creation of an energy-chemical produc­
tion facility th a t ensures its deep processing and, 
on this basis, the supply of highly liquid, compet­
itive goods to the cycle of a closed economy, such 
as: electricity; therm al energy; combustible gases; 
rare gases; gases for organic synthesis; m otor fuel; 
resins and oils; solvents; pints for printing inks; 
electrode graphite; carbon black; metallographic 
products and carbon plastics; carbides; abrasive 
m aterials and products from them; mineral fertiliz-

ers; sorbents and filtrates; metals, including: Al, 
Li, Ba, Ti, Ni, Ge, Co, Va, Cr, Mn, etc.; technical 
and drinking water; construction m aterials, etc.

Calculations show th a t this approach will allow 
not only minimizing the costs of disposal of various 
wastes and hazardous substances. Of the well- 
known technologies for the utilization of MSW, 
pyrolysis and gasification are attractive in th a t 
they make it possible to obtain cheap energy carri­
ers and make a number of industries economically 
viable [5].

Pyrolysis is the process of decomposition of 
complex hydrocarbon substances under the influ­
ence of high tem peratures w ithout access to ambi­
ent oxygen into simpler hydrocarbons.

The preferential production of one or another 
pyrolysis product (gas, coke or liquid products) is 
determined by the requirements of the consumer 
and can be achieved by appropriate hardware for 
the pyrolysis process. Taking into account the en­
dothermic nature of the process, pyrolysis plants 
are distinguished by the method of heat supply to 
the reactor: external (by burning part of the re­
sulting gas, ta r or coke); internal (by supplying a 
limited amount of oxygen or air to the reactor to 
burn part of the raw m aterial); circulating of hot 
gases or solid coolant using.

Depending on the tem perature, pyrolysis tech­
nologies are divided into: low-tem perature — up 
to 5500 °С; medium tem perature — up to 8000 °С; 
high-tem perature — over 8000 °С.

To expand the possibilities of controlling the
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pyrolysis process (obtaining products w ith desired 
characteristics and reducing the yield of toxins), it 
is advisable to  use various catalysts.

In addition, it is advisable to combine a pyrol­
ysis plant w ith a solid (coke) residue gasification 
plant w ith  liquid or solid ash removal, or w ith a 
micro m etallurgical process.

Gasification is a thermo-chemical process of 
converting various hydrocarbons into fuel, the so- 
called “generator gas” [6].

Thermal analysis allows one experiment to de­
termine almost the entire set of technical charac­
teristics of the fuel, w ith  the exception of the re­
lease of volatiles. However, there is no standard 
method for determ ining these characteristics, due 
to the high diversity of the studied fuels; therefore, 
the issue of developing such a method is relevant.

One of the methods for describing the gasifica­
tion processes of low-grade solid fuels is therm ody­
namic modelling, which determines [7]:

1. The equilibrium  composition of the synthe­
sis gas.

2. The relative amounts of oxidizing agent and 
heat required for the gasification process.

3. The optimal values of the calorific value of 
the synthesis gas and the efficiency of the process.

Schematically, the equilibrium thermodynamic 
system can be represented as follows (Figure 4):

To describe the conversion process, a one-stage 
generalized reaction of the form is used:

CHx Oy Nz  + ШН2 О + W.N2  ^
^  nHl H2  + n c o CO + n C02C02 +

+ п н 2о ^ 2 0 + n CH4 CH4 + mN 2 , (1)

Figure 4. Scheme of an equilibrium  therm odynamic 
system.

where x, y, z  is the number of atoms of hydrogen, 
oxygen and nitrogen reduced to 1 carbon atom, ш 
is the amount of moisture reduced to 1 mole of the 
organic mass of fuel, k g /m o l, m is the amount of 
nitrogen.

In the case of pyrolysis, one can w rite a similar 
one-stage generalized reaction, which will have the 
following form:

CHxOyNz ^  n cCHAR + nHzH2 +
+ n coCO + n Co2C02 +

+ псн4СН4 + n TTAR + mN2, (2)

where CHAR — coke, TAR — resin. Moreover, 
their gross composition can be expressed by the 
formula CHx1Oy1Nz1 and ^  CHx2Oy2Nz2, respec­
tively.

W riting  such equations is the first step in th er­
modynamic modelling, from which we can assume 
the main reactions th a t occur during the therm o­
chemical conversion of solid fuel. Thus, the con­
version mechanism is w ritten in the form of several 
gross reactions in which fuel and coke are carbon 
and have the following form:

Combustion reaction:

C + O2 ^  CO2;
C + S O 2 ^  CO;

CO + S O2 ^  CO2;
H2 + S O2 ^  H2O.

Boudoir reaction:

C + CO2 ^  2 CO.

W ater vapour reactions:

C + H2O ^  CO + H2;
CO + H2O ^  CO2 + H2;

C + 2 H2O ^  CO 2 + 2 H2.

M ethanation reactions:

C + 2 H2 ^  CH 4;
CO + 3 H 2 ^  CH4 + H2O.

These reactions proceed both w ith absorption 
and w ith the release of heat.

In thermodynamic modelling, it is assumed that 
all reactions reach equilibrium, and the equilibrium 
constants are calculated according to equation:
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Kj = П;(х;)иі ( P / P 0) ЇМ ,  (3)

where x i is the mole fraction of the i component in 
the ideal system, u is the stoichiometric coefficient 
(positive value for products, negative value for re­
action reagents), P 0 is pressure in the initial state, 
101.3 kPa.

The tem perature dependence of the equilibrium 
constant can be expressed as follows:

ln(Kp,r ) = ln (K p ,/)  + f (T ) .  (4)

Equation (2) and (3) is used to describe the 
equilibrium state of an ideal system:

lnK = -A G t0/ R T  ; (5)

ДС« = Vi& gfM , (6)

where R  is the universal gas constant, AG® is the 
Gibbs function in the initial state, Q fjx  is the 
Gibbs function of the i component at a given tem ­
perature.

Given the generalized reaction (1), the equa­
tions of m aterial and energy balance are compiled. 

M aterial carbon balance:

f i  = 0 = n co + n C02 + n CHi — 1. (7)

M aterial balance of hydrogen:

/2  = 0 = 2 nH2 + 2 nH20 + 4 n CHi- x -  2m. (8)

M aterial balance of oxygen:

fs  = 0 = n co + n Co2 + nH20 - Ш -  2m -  y. (9)

Enthalpy balance:

2 j=react hf ri 2 i=prod n i (h fj + AhTІ), (10)

where hfx is the formation enthalpy, which is zero 
for all chemical elements in the initial state 
(298 K, 101.3 kPa); AhTi is the difference in the 
enthalpies between the calculated and initial state 
of the system and can be approximated according 
to equation:

where CP (T) is the specific heat at constant pres­
sure, which depends on tem perature and can be de­
termined empirically by equation:

^ 98 CP (T) dT = a + ЬТ2 + C fS + dT 4 + k , (12)

where k is the integration constant; a, b, c, d  are 
the coefficients of the corresponding gases, which 
are presented in the reference books of physical and 
chemical quantities.

W hen methods are used to search for extreme 
of thermodynamic functions, a list of substances 
capable of participating and forming during chem­
ical transform ations is set as initial information, 
and it is not necessary to know the reactions tha t 
occur in the process under study. Most often, dur­
ing thermodynamic modelling, the Gibbs free en­
ergy is minimized, which is minimized in the equi­
librium state. Gibbs free energy of the system is 
defined as follows:

G = Тл=і Піііі , (13)

where G is the Gibbs free energy, n t is the amount 
of the its component of the system, pi is the chemical 
potential, which is determined by the formula (13):

Hi = G0  + RT І п ф ) ,  (14)

where в  is the fugacity coefficient, G0 is the stand­
ard Gibbs free energy.

The fugacity coefficient and pressure are usu­
ally the same when the pressure approaches zero. 
Then equation (13) can be rewritten:

Vi = G°  + RT Іп(у і ), (15)

where yi is the mole fraction of the i component.
W e substitute equation (14) into equation (12):

G = Ї І і ЩАС?  + Yli = i n i RT(- ^ - ) .  (16)
n to t

Next, we find the values of ni th a t minimize the 
Gibbs energy using the Lagrange m ultipliers Xj = 
X1, ..., Xk. At the same time, the lim itations of the 
m aterial balance for the elements are imposed on 
the thermodynamic system, which has the form:

AhT = C  cP (T)dT (11) И і Щ а у  = Aj , j = 1, 2, 3, ..., k, (17)
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where aij is the number of atoms of the j element in 
1 mole of the i component, Aj is the total number 
of atoms of the j element in the reaction mixture.

Given the lim itations of the m aterial balance 
w ith respect to elements (16) and the Gibbs free 
energy equation (15), we write the form of the La­
grange function:

L = G — £7=1 ^  (£ f=1 n t a i} - A j ). (18)

The partial derivatives of equation (17) are 
equal to  zero. The fulfilm ent of this condition al­
lows us to  find the extreme point

вЬ /д т  = 0. (19)

Equation (18) can be transform ed into a m atrix 
form taking into account the lim itations of the m a­
terial balance (16). The values of ni must satisfy 
the condition 0 < ni < ntot. Equation (18) is solved 
by iterative methods, or by Newton’s method. In 
thermodynamic modelling of the processes of 
thermo-chemical conversion of solid fuels, a num ­
ber of assumptions are used:

1. The carbon contained in the fuel passes into 
the gas phase in the form of gaseous products of 
CO, CO2, CH4, and also H2, H2O, O2 are part of 
the synthesis gas. The yield of hydrocarbons C2 and 
higher is considered insignificant and is not taken 
into account in the calculation. Unreacted carbon 
is represented by coke and soot. In this case, the 
reaction time is sufficient to achieve equilibrium.

2. Resin formation is neglected.
3. Ash is considered an inert substance in the 

conversion process, although in practice it has a 
significant therm al and chemical effect on the sys­
tem under study at tem peratures above 700 °C.

4. Gases have ideal properties.
Thermodynamic models allow us to evaluate the

maximum theoretical efficiency of the process and 
describe the equilibrium composition of the system.

The process of thermo-chemical conversion is in­
fluenced by three macrokinetic restrictions:

1. The restriction associated w ith the fact tha t 
the gasification process tends to the boundary of 
the formation of free non-gasified carbon. Upon 
reaching this boundary, an equilibrium is estab­
lished between the solid and gas phases.

2. The lim itation associated w ith the thermal 
regime of the process, which, regardless of the re­
action parameters determines the efficiency of the 
process and the  com position of the  resu lting  syn­

thesis gas.
3. The restriction associated w ith the fact tha t 

after the onset of a stationary state, additionally 
added heat to the system is mainly used to heat the 
reaction products, and not to change their compo­
sition.

Taking into account the above macrokinetic 
lim itations in thermodynamic modelling allows us 
to bring the models under development closer to a 
realistic description of the processes under study. 
Usually, the restrictions used take into account the 
formation of non-equilibrium products and (or) the 
features of the course of the individual stages of 
the conversion [8].

Another method for describing non-equilibrium 
processes is the calculation of m ulticom ponent 
chemical reactions in the form of a sequence of 
time-dependent interm ediate thermodynamic 
states. The method combines taking into account 
the kinetics of the reaction in the form of Arrhenius 
dependence and the thermodynamic method of 
minimizing Gibbs energy.

In an equilibrium thermodynamic description, 
the account of the phenomena caused by the k inet­
ics of chemical reactions, diffusion, and heat trans­
fer should be carried out in terms of a macroscopic 
description in which the tim e variable is expressed 
in terms of other system variables [8]. For a for­
malized description of the kinetic block in therm o­
dynamic models, three methods are used:

1. Record additional balance ratios th a t limit 
the individual stages of the mechanism of the pro­
cess under study.

2. Transformation of the right-hand sides of ki­
netic equations into thermodynamic potentials.

3. Entering constraints directly on the kinetic 
equations.

The first method is due to the unity  of therm o­
dynamics and kinetics, which describe the same 
physical laws in different ways. This method al­
lows one to take into account the mechanism of 
processes in thermodynamic studies, w ithout re­
quiring its full knowledge and formalized descrip­
tion. The introduction of additional therm ody­
namic lim itations of chemical and transfer pro­
cesses expands the field of effective use of this ap­
proach.

The second method consists in replacing the co­
ordinates in the right-hand sides of the kinetic 
equations by potentials and the subsequent formu­
lation of the converted parts into an expression for 
the characteristic  function of the system in ques­
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tion. This approach is time-consuming and is due 
to the use of a large number of assumptions, which 
in the general case are not substantiated, therefore, 
have almost not received practical application.

The th ird  approach is the simplest and consists 
in the fact th a t the speed of the process is deter­
mined by the limiting reaction, for which kinetic 
coefficients are known w ith great reliability. Tak­
ing into account m acrokinetic constraints for irre­
versible processes drastically reduces the studied 
area of thermodynamic reachability and, accord­
ingly, increases the accuracy of thermodynamic es­
timates of process lim it values.

Calculations show th a t the economic efficiency 
of waste disposal increases significantly when py­
rolysis and gasification processes are combined.

I t  should be especially emphasized th a t the 
combination of a pyrolysis plant and a gas genera­
tor waste disposal process into one technological 
process will make it possible to  bring the use of 
waste products to almost 100 %.

I t  is advisable to complete the installations w ith 
an autonomous power p lan t or boiler house, which 
use coke residue, pyrolysis or generator gases, and 
liquid fractions as fuel.

In the future, the plants can be equipped w ith 
modules for the production of synthetic gasoline 
and diesel fuel according to  the scheme: pyrolysis 
gas ^  m ethane ^  m ethanol ^  gasoline. The direct 
synthesis of gasoline using the Fischer-Tropsch 
technology from synthesis gas is also possible. Eco­
nomically attractive are the possibilities for obtain­
ing such gases as, hydrogen, carbon monoxide and 
dioxide, nitrogen, etc.

I t  seems very promising to use the products of 
gasification and pyrolysis, including coke and hot 
ash, in external combustion engines — “Stirling 
engines” type (w ith  external heat supply).

For the practical im plementation of the above- 
mentioned waste disposal processes, the following 
steps are proposed:

— the pilot p lant development w ith a pro­
cessing capacity of 0 .5-10  to n s /d a y ;

— the technology for gasification and pyrolysis 
processing development for various raw materials;

— design and construction of energy-chemical 
production facilities w ith a processing 50­
150 to n s /d a y  (by the expense of profits received 
from low-capacity power plants).

W ith  the au tho r’s participation, the GG-30 gas 
generator and the UPF-02, UPP-1 pyrogenerators 
have been designed, m anufacturing and success-

Figure 5. Scheme of the combined converter.

fully tested.
The test results of these installations served as 

the basis for the development of a scheme for a 
combined converter of organic waste into gaseous, 
liquid and solid substances and energy carriers.

The m aterial flows directions (by arrows) and 
equipment schematic lay out are shown at Figure 5:
1 — feedstock; II — therm al energy; III — liquid 
fractions of pyrolysis; IV — pyrocarbon; V — py­
rolysis and generator gas, respectively; VI — elec­
tricity; VII — ash.

Converter consists of: 1 — pyrolysis generator;
2 — heat exchanger; 3 — filter for purification of 
pyrolysis and gasification products; 4 — gas com­
pressor; 5 — gas tank; 6 — internal or external 
combustion engine; 7 — electric current generator; 
8 — gas generator.

The payback period of technological equipment 
does not exceed 1-2 years.
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Практика зкологического управления 
утилизацией отходов с елементами 

полиграфического дизайна
Рассмотрена проблема захоронения твердих бьітовьіх отходов с учетом наявности в них 
включений в виде лако-красочньїх покритий полиграфического дизайна. Показано, что их 
утилизация, учитивая, что более 90 % твердих битових отходов имеют такие включення, 
требует обгрунтованних технологических решений. Показано, что основной проблемой яв- 
ляется утилизация смешанних отходов, в число которих входит вся пластиковая упаковка 
из битових отходов, а также жесткие и гибкие изделия из полимеров разних типов и 
цветов, которие обично создаются с елементами печатного дизайна. Предлагается исполь- 
зовать високотемпературние методи утилизации на базе процессов пиролиза и газифи- 
кации. Такие методи целесообразно рассматривать совместно с технологиями получения 
альтернативних анергоносителей и получения на их основе разних видов веществ и анер- 
гии, например, механической, тепловой и алектрической. Приведено описание процессов 
газификации низкосортного твердого топлива методом термодинамического моделирова- 
ния. Показано, что акономическая аффективность утилизации отходов существенно уве-
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личивается при совмещении процессов пиролиза и газификации, когда процесом утили- 
зации отходов пиролизной установки и газогенератора обьединенм в один технологический 
процесс, что позволит довести утилизацию отходов почти до 100 %. Показано, что перспек­
тивно использование продуктов газификации и пиролиза, в том числе кокса и горячей 
золм, в двигателях внешнего сгорания типа двигателя Стирлинга (с внешним подведением 
тепла). Б ібл. 8, рис. 5.
Ключевьіе слова: твердме бмтовме отходм, ^лементм полиграфического дизайна, пиро- 
лиз, газификация, обращение с отходами, термодинамическое моделирование, комбиниро- 
ваннмй конвертер.
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Практика екологічного управління утилізацією 
відходів з елементами поліграфічного дизайну

Розглянуто проблему захоронення твердих побутових відходів з урахуванням наявності в 
них включень у вигляді лако-фарбових покриттів поліграфічного дизайну. Показано, що 
їх утилізація, враховуючи, що понад 90 % твердих побутових відходів мають такі вклю­
чення, потребує обґрунтованих технологічних рішень. Показано, що основною проблемою 
є утилізація змішаних відходів, до яких належить уся пластикова упаковка з побутових 
відходів, а також жорсткі та гнучкі вироби з полімерів різних типів та кольорів, які за­
звичай створюються з елементами друкованого дизайну. Пропонується використовувати 
високотемпературні методи утилізації на основі процесів піролізу та газифікації. Такі ме­
тоди доцільно розглядати в поєднанні з технологіями отримання альтернативних енерго­
носіїв та отримання на їх основі різних видів речовин та енергії, наприклад, механічної, 
теплової та електричної. Наведено опис процесів газифікації низькосортового твердого 
палива за методом термодинамічного моделювання. Показано, що економічна ефективність 
утилізації відходів суттєво підвищується при поєднанні процесів піролізу та газифікації, 
коли процеси утилізації відходів піролізної установки та газогенератора об’єднано в один 
технологічний процес, що дасть можливість довести утилізацію відходів майже до 100 %. 
Вказується, що перспективно використання продуктів газифікації та піролізу, в тому числі 
коксу та гарячої золи, в двигунах зовнішнього згоряння типу двигуна Стірлінга (із 
зовнішнім підведенням тепла). Б ібл. 8, рис. 5.
Ключові слова: тверді побутові відходи, елементи поліграфічного дизайну, піроліз, гази­
фікація, поводження з відходами, термодинамічне моделювання, комбінований конвертер.
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