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This article examines the field of municipal solid
waste management and recycling of secondary
raw materials by the example of Kyiv. Every yeatr,
the amount of MSW is growing, but the share
that is recycled is not increasing. In general, this
area is characterized by its landfill orientation,
low level of waste recycling and general waste
accumulation. The paper recycling enterprise, its
main economic indicators are considered. The
model reflecting the relations between the region
and the enterprise, taking into account the impact
of the enterprise’s production activity on the envi-
ronment, is developed. Strategies for changing
the management parameters for the enterprise
and the region are proposed. These strategies
include credit and price change strategies for
secondary raw materials for the enterprise, as
well as strategies for changing the ecological tax
for the region. The analyzed situation is consid-
ered taking into account the scenarios of the eco-
nomic situation in the country.
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B amoli cmambe uccsiedosaHa cghepa obpa-
wjeHusi ¢ meepdbiMu 6bIMoBbIMU omxodamu U

20poda Kuesa. C KkaxdbiM 2000M KO/IUHECMBO
msepdbix 6bIMOBbIX 0MX0008 pacmem, HO
00715, Komopasi riepepabambisaemcsi, pu 3mMom
He ysenu4usaemcsi. B obwem, daHHas cghepa
Xapakmepusyemcsi opueHmayueli Ha rMo/Iu2oH-
HOEe 3aXOPOHEHUE, HU3KUM YPOBHEM BOB/IEqE-
Hust 0mx0008 B Ka4ecmse BMOopUYHO20 Chipbsi U
06WUM UX Hakor/ieHueM. PaccMompeHo rpeod-
fpusimue no nepepabomke Maky/samypbl, €20
OCHOBHbIE 3KOHOMUYECKUE roKasamesu U pas-
pabomaHa Modesib, oOmpaxarolasi OmHOWEHUSI
MEXOy pe2uoHOM U npednpusimuemM ¢ y4emom
B/IUSIHUST MPOU3B0OCMBEHHOU OesimeslbHocmu
npednpusimusi Ha okpyxarouwyro cpedy. ped-
JIOKEHbI cmpameauu USMEHEHUsI napamempos
ynpag/ieHusi 0 npeonpusimusi U peauoHa, a
UMEHHO, KpeoumHble cmpameauu U cmpame-
2UU U3MEHEHUsI UEeHbl Ha BMOPUYHOE Cbipbe
0719 npednpusimusi, a makxe cmpameauu
U3MEHEHUSI 3KO/I02UYECKO20 Hasloza 0/1s1 peau-
OHa. Viccnedyemasi cumyayusi paccMompeHa ¢
y4emom cyeHapues passumusi 3KOHOMUYECKOU
cumyayuu 8 cmpaHe.

KnioueBble cnosa: msepoble  6bIMoBbIe
0mxo0kl, 3KosouYeckull Hasoe, uepapxude-
CKOe yripas/ieHue, KubepHemuyeckasi cucmema,

“Igor Sikorsky Kyiv Polytechnic Institute” repepabomKu BMOPUYHOZ20 Chipbsi Ha NPUMepe  3KOHOMUKO-3KO/I02U4ECKUE MOOE/IU.

Y cyuacHomy csimi sce 6isibuie yBaeau npudinsioms rpob/ieMam eKo/l02iyHo20 Xapakmepy. Y yiti cmammi 00c/1ioxeHo cghepy MOBOOXKEHHS 3 maepouMU
Mo6ymosuMuU 8idxo0amu ma nepepobKU BMOPUHHOI CUPOBUHU Ha Mpukiadi micma Kuesa. 3 KOXXHUM POKOM KiflbKicmb mseepoux mobymosux Bioxoois
3pocmae, asne Yacmka, Wo nNepepob/IremsCs YU CnaareMsCs, Npu YboMy He 36i/bLyembcsl. 3a2a/ioM 0aHa cihepa Xapakmepu3yembCsi opieHmayiero
Ha I10/1i20HHE 3aXOPOHEHHS], HU3bKUM PIBHEM 3a/Ty4eHHsT BIOX00IB Y SIKOCMI BMOPUHHOI CUPOBUHU Ma 3a2a/TbHUM iX HaKomuyeHHSIM. OOHIEH0 i3 OCHOBHUX
npo6siem y daHili cchepi makox sucmynae 8idCymHicmb cucmemu ma Ky/ibmypu copmyBsaHHsl, @ Makox c/1abka cucmema ornooamkysaHHs BUKUOIB 8i0
BUPOBHUYOI Qisi/IbHOCMI ma BIOCYMHICMb CUCMEMU 3a0X04eHHSs1 MidnpueMcms 00 bi/lbW €Ko/I02iHHO20 BUPOBHUYMBA. I3 36i/IbLUEHHSIM mBepOux Moby-
mosux B8idxodi8 BUHUKaE rompeba y po3sUMKY MionpueEMCMB 3 MePEPO6KU BMOPUHHOI CUPOBUHU Ma y MakcuMizayii yxe HasisHux nomyxHocmel, wo
Hadacmb 3Mo2y 3MEeHWUMU HaBaHMAXKEHHST Ha HaBKOIULIHE cepedosuLye peaioHy. Asie BIOroBIOHO 3i 3pO0CMAaHHSIM BUPOBHUHOI Oisi/TIbHOCMI pe2ioHaslbHe
yrpagniHHs Mae 30ilicHIoBamu KOHMPO/Ib 3a BUKUOamu 8id Yiei disibHocmi 07151 mo2o, W06 He roaipluumu eKo/1o2iyHy cumyauyito 8 peeioHi. Pose/ssHymo
MiGMpPUEMCMBO 3 MePEepPoBKU Makyaamypu, Lio20 OCHOBHI EKOHOMIYHI MOKA3HUKU, 3a/1e)KHOCMI MK YiHaMu ma obcsicaMu CUPOBUHU, WO 36UpaemeCsi i3
PI3HUX Oxepes1. Po3po6sieHo Modesib, Wo Bi006paxae BIOHOCUHU M pe2ioHOM ma MidrnpueEMCIMBOM 3 ypaxyBaHHsIM B1/1UBY BUPOBHUYOI Qisi/lbHOCMI Mi0-
MpuUeMCMBa Ha HaBKO/IUWHE cepedosulye. 3anporoHosaHo cmpameaii 3MiHU napaMempis KepysaHHs1 07151 NionpueMcmBaa ma PezioHy, a came, KpeoumHi
cmpameail ma cmpameii 3MiHU YiHU Ha BMOPUHHY CUPOBUHY 07151 NIONpUeMcmaa, | cmpameaii 3MiHU eKo/102i4H020 nodamky 07151 pe2ioHy. Po32/siHymo
docidxysaHy cumyauito 3 ypaxysaHHsIM CyeHapiis po38UMKY eKOHOMIYHOI cumyaujii 8 KpaiHi, 3a KOXXHO20 i3 SSKUX 6yOymb 3MIHI0BAMUCH Maki YUHHUKU SIK
Ki/IbKiCmb Hace/IeHHs], CepedHst 3apobimHa rniama ma iHoekc iHghasyii. BusHadeHo npuliHSimHy kombiHayito cmpameeili 07151 060X cueHapiis po3sUMKy
EKOHOMIKU, mo6mo maky KOMbiHayjito, ujo A0380/1UMb MaKCUMI3yBamu KOPUCHICMb 07151 pe2ioHy ma iHBecmuyii 8 OCHOBHI GhoHOU ma g/1acHuUll pubymok
MionpueMcmBsa, @ makoX MiHIMI3ysamu sumpamu nionpueMcmsa Ha 3aKyrig/ito BMOPUHHOI CUPOBUHU 0151 [TEPEPOBKU.

KntouoBi crnioBa: msepoi nobymosi 8ioxodu, exos102iyHul Modamok, iepapxidHe yrpas/liHHS, KibepHemuyHa cucmema, eKOHOMIKO-€K0/102i4Hi MOOEYTi.

Formulation of the problem. With the approval
of the National Waste Management Strategy in
Ukraine until 2030, recycling of secondary raw
materials and responsible waste management have
become extremely urgent problems of our country.
The growth in need for recycling enterprises makes
it necessary to develop these companies and max-
imize their existing capacities to reduce the burden
on the environment. With the development of such
enterprises and the increase in their production acti-
vities, the share of emissions into the atmosphere is
also increasing. Therefore, regional administration
should control emissions in order to ensure a better
environmental situation.

Analysis of recent research and publications.
The topic of economic and ecological models was
explored by such scientists as S.A. Ashmanov [1],
O.l. Ponomarenko, M.O. Perestiuk, V.M. Burym
[2]. They considered mathematical modeling of the
production process, taking into account the level of
environmental pollution. Also, this topic was stud-
ied by Moiseev N.N. [3], whose work is devoted to
the imposition of fines for environmental pollution by
the regional administration of emissions from indus-
trial activities. Among the recent studies, the work of
Tadeiev Yu.P. [4] is also worth highlighting. He con-
siders an ecological and economic model of optimal
management of linear utility function, and the work of
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Subbotina O.V., Tyutik O.V., Martyanov M.S. [5], who
considered an integrated approach to the manage-
ment of secondary resources on the regional level.

Formulation of the goals of the article. The
purpose of this article is to model a cybernetic hier-
archical system where enterprises and a region are
considered. With the help of ecological tax, a region
can influence the implementation of a more ecolog-
ical approach in production by enterprises. It forms
hypotheses about possible behavior of these enter-
prises and the way they choose their own economic
strategy of development, taking into account their
influence on the environment.

Outline of the main research material. Consider
the situation with the management of waste based on
the example of the city of Kyiv. Municipal solid waste
(MSW) is generated through the consumption of dif-
ferent types of products. The amount of generated
waste depends on the number of consumers and the
money they spend. The process cannot occur with-
out one of these factors. Manufacturing packaging
technology or the technology of products that later
become MSW changes with time. In other words, the
amount of waste can increase with the same number
of people and their income. Therefore, the amount
of MSW generated will also be affected by scientific
and technological progress. Then, the econometric
dependence between the generated amount of MSW,
average salary and population can be defined by the
production function, which takes into account scien-
tific and technological progress:

Y(t)=DK(t)"L(t) e" (1)

where Y —amount of MSW generated in the city,

tons; K — average salary in the city, UAH; L — popu-
lation of the city, people.

In order to obtain the result, the value of average
salary was reduced to 2011 base year prices. Then
the function of MSW formation in the city of Kyiv will
look as follows:

Y(t) _ K(t)quo L(t)wl g0.04at-5829 (2)

The amount of waste paper generated in Kyiv is

a certain share of the total amount of waste gener-
ated. It is difficult to estimate how the share of waste
paper in the morphological composition of MSW will
change with time. It is almost impossible to determine

what types of packaging and materials will appear
in the future, or how the use of paper products will
change. Therefore, for simplification, we will assume
that this share is a constant value (for Kyiv it is 13%).
The amount of waste paper formed, respectively, is
determined by the following formula:
Y, (t)=q,Y(t), 0<gm<1, ®3)
where Y, —amount of waste paper, tons; q,, —the
share of waste paper in the total composition of solid
waste, %.

Let us consider private joint-stock company “Kyiv
Cardboard and Paper Mill” (KCPM), which special-
izes in cardboard and paper production. The waste
paper is the primary type of raw materials that it uses.
The company produces a certain amount of products
and gets a gross profit by subtracting production costs
and taxes on added value as well as excise duty.

The gross profit of the enterprise can be defined
using a multiplicative production function, as the pro-
duction process cannot be carried out without the
simultaneous use of fixed assets of the enterprise
and its human resources.

KCPM's production capacity for recycling of waste
paper is not fully utilized, although the number of gen-
erated waste paper tends to grow. Recycling of waste
paper is less expensive in comparison with cellulose
processing. It saves electricity and water. Also the
price for the equivalent amount of wood is higher than
the price of waste paper. Therefore, it is more profit-
able for KCPM to use waste paper in its production.
It accounts for 90% of the raw materials used in this
enterprise. Therefore, the production function also
includes the resources of secondary raw materials.

In 2018, KCPM received a 7-year loan from the
European Bank for Reconstruction and Development
in the amount of 10 million euros. This loan is used
by the company to modernize its production tech-
nology, which allows it to reduce CO, emissions to
11000 tons/year and save about 2 million EUR/year
on electricity. It will also allow the company to pur-
chase new converter and packaging lines, upgrade
equipment, which will contribute to the expansion
of their range of products, improve their quality and
reduce production costs.

The production function of the gross profit will
take into account the factor of disbursed investments,

Table 1
Statistical data for calculation of regression dependence of the amount of MSW in the city of Kyiv
Year At':g:::;r?(: m?l‘év’ Average salary, UAH Popula;;o:é(t)lg?:sands Inflation index
2011 278.7 4016.41667 2785.1 1.046
2012 835.8 4610.58333 2814.3 0.998
2013 530.5 5023.83333 2845 1.005
2014 1058.9 5401.25 2868.7 1.249
2015 1128.6 6545.18182 2888 1.433
2016 1236.8 8585.58333 2906.6 1.124
2017 548.4 11134.25 2925.8 1.137
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which will influence the scientific and technologi-
cal advancement of the enterprise. With the help of
attracted external funds in the form of credit, KCPM
invests in modernization of its technologies.

The inflation index should also be included in this
function. It will indicate the purchasing power of the
population and will characterize the final actual value
of gross profit based on the economic situation in the
country. Then the multiplicative function that models
the gross profit of an enterprise will look as follows:

Qm(t) = Allm)F(Prm, Am,Mim) =

= Bln(t)PPm(t)*An(t)’Mm(t)* H'(2), 4

where Q, — gross profit, UAH; A(/.) — a progress
multiplier, which determines the efficiency of invest-
ments in technological progress; I, — disbursed
investments in the modernization of technological
progress of the enterprise, UAH; F — multiplicative
production function, @, — fixed assets, UAH; A, —
labor resources, people; M, — volumes of waste paper
processed by the enterprise, tons; h —inflation index.

The value of gross profit, disbursed investments
and funds was reduced to the 2011 base year prices.
Therefore, the gross profit function of KCPM looks as
follows:

Qm (t) — Im0,25 (t)(Dm—O,ZS (t) Am—0.83 (t)MmO,SZ (t)h2.182 (t)e20,78. (5)
The labor resources of the enterprise are calcu-
lated taking into account the annual growth rate of
employees in the enterprise and change according to
the following formula:
A, (t+1) = A, (O (n,(t+1)+1), t=0,1,...,T-1. (6)
where n,(t+1) — annual growth rate of labor
resources, %. For simplification, we will consider that
this indicator does not depend on time and it will be
set at the level of -0.0231.

Gross profit of the enterprise can be divided into
several parts. One part is its own profit, which may be
used for consumption. The enterprise should choose
which part of the gross profit to allocate to its own
profit:

S, (t)=0aQ,(t), 0<a(t)<1, (7
where o — share of own profit; s, — own profit of
the enterprise, UAH.

The second part of the gross profit of the enterprise
is used for repaying credit obligations. The company

can choose which credit is more advantageous for it;
at what interest rate and in what amount. Since it is not
specified exactly which scheme the company will pay
its loan obligations by, it has been decided to take the
scheme of debt amortization in equal installments in
the form of simple annuity-intermidiate with a term of T
years. Then the cost of paying off the loan obligations
in each period would be calculated as follows:
IR
Valt) IA1—(1+/R)’T

where Vv, — payments on credit obligations, UAH;
IA — initial loan amount, UAH; IR — interest rate,%;
T —the term, for which the loan was taken, in years.

It is impossible to estimate exactly under which
scheme a company is developing the investments
received and modernizing its production. Therefore,
for the simplification it has been decided that they will
be used by the enterprise in equal parts and will accu-
mulative over time.

(8)

1A
Alm:?
I (¢+1)=1,(t)+Al,, t=01,.,T-1.

: ©)
(10)

The third part of the gross profit can be invested in
fixed assets. It will equate to gross profit minus part of
the enterprise’s own profit and part that goes to repay
its credit obligations. A change in fixed assets will be
defined as an investment in fixed assets, reduced by
depreciation costs.

Y, (t)=(1-a)Q, (t)-V,(t), (12)

APy (O)=(1-0) Om () = Vi ()-¢Pm (1),  (12)

where Y, — investments in fixed assets from own

funds, UAH; A®,,— change in fixed assets of the enter-
prise, UAH; v — depreciation rate of fixed assets.

The change in emissions from production will be
expressed as the amount of emissions that depends
on the gross profit of the enterprise, minus the part
of emissions that will be reduced as a result of the
investments made in the modernization:

Am,, (t)=€Q, (t)-r,l,(t), r,>0, (13)

where An, — volume of emissions from production

of the enterprise, tons; ¢ — emissions from 1 UAH
of gross profit, tons/UAH (for the KCPM, this indi-
cator is equal to 0,00001299692tons/UAH); r,* — the
amount of invested money, which allows to reduce

Table 2
Statistical data for calculating the regression function of gross profit
Year Gross profit, Investments, Fixed assets, Labor resources, The amount of
thousands of UAH | thousands of UAH | thousands of UAH workers waste paper, tons
2011 435403 277727 516114 2032 62 231.00
2012 506685 241682 578940 2135 160 291.02
2013 412340 199318 641340 2 360 155 994.45
2014 478177 147565 1309270 2517 169 219.41
2015 1033032 152957 1364081 2 093 173 807.34
2016 1110066 230370 1303531 1672 152 766.92
2017 1171665 308144 1366332 1851 173 974.96
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CO, emitted into the atmosphere by a ton, tons/UAH
(for KCPM this indicator is 19486.7 tons/UAH).

During the manufacturing process, the main type
of emissions produced by the KCPM is CO, . To reg-
ulate the emissions of this enterprise, the regional
administration may set a certain environmental tax
rate for the amount of CO, , that the enterprise has
generated. The administration will have an opportu-
nity to collect certain payments from the enterprises
in accordance with these rates and changes in the
amount of pollution in a given period. The region can
form strategies on how the environmental tax rate will
change in each period of time. The amount of envi-
ronmental tax payments to enterprises will look as
follows:

o, (t)=Am,, (1) z(t) = 2(t)(eQ, (t) - 11, (1)), (14)
where o, — environmental tax for pollution, which
must be paid by the enterprise, UAH; z — environ-
mental tax rate per 1 ton of CO, , UAH/ton.
Gross profit in general will look as follows:

Qn(t) =Y, () +V, (t)+ (s, (t) -0, () +o,(t). (15)
Consider the target functions and limitations for
the region and the enterprise. Firstly, let us describe
the situation from the enterprise side. The first target
function reflects the enterprise’s intention to minimize
the cost of raw materials for the entire period, so the
target function is important for the enterprise and is
not translated into constraints:

;
ZP(t) — min .
t=1

The expenses of the enterprise for raw materials
will be calculated as the sum of volumes of waste
paper that are gathered at the secondary raw material
collection points, in sorting tanks and are imported,
multiplied by corresponding prices.

P(t)=m, (cm1 (t))cm1 (£)+m, (Cpp (1)) oz () +

#1M, (C (6))(2+ () (1) (17)
where P — total cost of waste paper, UAH; m, —
volume of recycled paper collected at secondary raw
material collection points, kg; m, — the amount of
waste paper that is collected from sorting tanks, kg;
m, — volume of imported waste paper, kg; c,, — price
per 1 kg of waste paper gathered from secondary raw
material collection points, UAH; c,, — costs per 1 kg of
waste paper collected from sorting tanks, UAH; ¢, —
price per 1 kg of imported waste paper, UAH; j —rate
of import duty per ton of imported raw materials,%.
As of today, imported waste paper is not subjected to
import duty, which means the import duty rate per ton

of imported raw materials will be equal to zero.

The quantity of raw materials, gathered from the
collection points and sorted into tanks should aim at
the maximum value for the whole period. The enter-
prise is interested in getting as much waste paper as
possible and using the maximum capacity of its pro-
duction facilities.

(16)

ViV Bunyck 54.2020

g(ml (o (1)) +my(cpp (1)) > max.  (18)

The company is not directly interested in maximiz-
ing only the volume of waste paper, which is gathered
from collection points and in sorting tanks, because it
can cover the shortage from imported raw materials.
Therefore, this target function can be converted into a
limitation. The amount of waste paper that is gathered
at collection points for secondary raw materials and
sorted in tanks should not be less than the amount of
waste paper collected by such methods for the pre-
vious period. The amount of waste paper, which has
been formed in 2011-2017, is 5617720 tons, and part
of it that has been sorted in tanks and gathered at
collection points is 26%, that is 1460602 tons.

ZT:(ml (Coa (1)) +m, (C,ny (1)) 2 1460602 . (19)

An enterprise may aim to maximize the funds
invested in fixed assets and the funds it allocates to
its own profit. Any business is interested in maximiz-
ing its own profit. Therefore, we will leave this crite-
rion as another target function of the enterprise:

J = g‘(Ym (t)+s,(t)) > max, (20)
Y, (t)+s,(t)=0,(t)-V,(t), (21)
30 =3(Qn (£) -V, (£)) > max. (22)

t=1

Fixed assets of the enterprise in the last year of
the analyzed period should be maximized.
@, (T)—> max. (23)
In this instance, the company is not very interested
in expanding its own capacities, as its existing capac-
ities are not yet fully utilized. In addition, it is already
improving its manufacturing process. Therefore, this
criterion can be converted into a limitation. Consider-
ation of the analyzed situation begins in 2018. There-
fore, at the threshold value, which should not be
lower than the value of fixed assets in the last year,
we should take the value in 2017. After reducing the
2017th value to the 2011th base year prices, the fixed
assets of the company will total 647 370 659 UAH.

@, (T) > 647370659. (24)

The volumes of collected waste paper must be
greater than the company’s capacity in each period of
time in order for the company to operate at full capacity:

> (0 ()2 M (0 ().

As investments are made to improve the tech-
nological process, manufacturing capacity can also
change. In this case, the capacity of the enterprise
will depend on the fixed assets of the enterprise.
This process can be described as an econometric
dependence:

(25)

M(®, (t))=Go,(t). (26)
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Table 3

Statistical data for calculation of regression dependence of waste paper processing capacity

Year Waste papirés;%ci:&szmg&productlon Fixed assets, thousands of UAH
2012 211650 553 479.92
2016 359556 694 199.74
2018 373500 647 370.66

Table 4

Statistical data for calculation of the dependence between volumes
and prices of waste paper at recycling collection points

Year Price ofjxvﬁlslzg paper, Amoclljé}itv(;fn\;\:ja’stt;angaper Inflation index
2011 0.75 3323.1354 1.046
2012 0.8 7308.0036 0.998
2013 1.2 4926.951 1.005
2014 1.1 8621.8038 1.249
2015 1.3 8731.8612 1.433
2016 2.7 12510.7656 1.124
2017 2.4 7432.8528 1.137

where M — production capacity for waste paper
processing, tons.

The value of the funds was reduced to base year
prices of 2011. Therefore, the function of KCPM
waste paper recycling capacity looks like:

M ((Dm (t)) =@, 2% (t)e . 27)
Volumes of waste paper gathered at collection

points and sorted into tanks should be less than the
amount of waste paper produced in a given period:

S (e (D)= Yo (1)

Volumes that are sorted in tanks should not exceed
the amount that can be collected in the maximum set
number of containers in a given period:

(28)

m, (Cy (1)) < b, (1), (29)
Ab, = bm?ax , (30)
b, (t+1)=b,(t)+Ab,, t=01,...T-1. (31)

where b, —the maximum amount of waste paper
that can be collected into sorting containers available
in the given period of time, kg; b,,, — the maximum
amount of waste paper that can be collected in sort-
ing containers, if the optimal number of containers is
installed, kg.

In August 2019, a pilot project on waste sorting
has launched in Kyiv and 2.5 thousand containers
have been installed. The maximum number of sort-
ing bins needed in the city is calculated on the basis
of research on the necessary number of bins for the
city of Vyshhorod. In this study, 200 bins have been
installed for a population of 35 000 people covering
80% of the city. Using the population of Kyiv in 2018,
the required number of containers has been calcu-
lated. Based on the amount of waste paper that fits
into one container, the maximum amount of waste

paper that can be placed in this number of tanks can
be calculated. According to the calculations, we get:

b,.. =5780651 tons. (32)

The amount of waste paper that is gathered at
secondary raw materials collection points will depend
on the price of waste paper. Statistical information
on raw material prices has been reduced to the
2011 base year prices. On its basis, the dependence
has been deduced:

m, (c,, (t)) =8537,4c,, -1390,6 . (33)

The price and volumes of waste paper from sort-
ing tanks will also be interconnected. Assuming that
the waste is taken out once a week, we will calculate
the cost per 1 kg of raw material, collected from the
sorting tanks. To do this, we calculate the respective
container costs per 1 kg of raw material based on
such indicators as the useful life of the container, the
price of the container and the container capacity for
the particular type of raw material.

Also, the costs of the raw materials collected from the
sorting tanks include the salaries of the drivers who trans-
port these materials and the cost of the vehicles, which
are used. Having determined the capacity of one vehicle
per 10 tons, the number of vehicles and drivers required
to transport the raw materials is calculated according to
the number of containers, and the cost of the vehicles is
calculated according to the amounts collected.

The calculated dependence of volumes of waste
paper (in 2019 prices) that are collected in sorting
tanks prices will have the following form:

m, (c,, (t)) =7873,3c,, > (34)
The volumes of imported raw materials will also
depend on the price because the higher the price of

imported raw materials, the less profitable for domes-
tic enterprises will be to purchase such raw materi-
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als, and therefore its volumes will be lower. Then, if
the price for imported raw materials is lower, then the
amounts of this raw material will be greater. Statistical
information on raw material prices was reduced to the
2011 base year prices. On its basis, the dependence
was deduced:

m (C,,s (t)) =-10000000c,,; +400000000.  (35)
Table 5
Statistical data for calculation of dependence
between the amounts of imported waste paper

and its prices

Year Amount of waste | Price of waste paper,
paper, kg UAH/kg

2014 329400000 5.81777778

2015 336900000 4.84378747

2016 271800000 4.70045622

2017 346400000 5.42378753

2018 392300000 5.24074433

The region will be able to raise money by collect-
ing an environmental tax. At the same time, it will be
necessary to figure out how to reduce concentrations
of CO,, as carbon dioxide will accumulate in the
atmosphere and affect the environment and climate
change in the region. On the one hand, the region
benefits from the environmental tax it collects from
businesses for their emissions into the atmosphere.
On the other hand, the region suffers losses in terms
of neutralizing the environmental impact of these
emissions. Then the function of the region’s utility will
look as follows:

u,, (t) = (o, (t)-9Am, (1)), (36)

where u — utility function; 8 — costs for neutraliza-

tion of the impact of 1 ton of emissions of CO, on the

environment, UAH/ton (for the considered situation
this indicator is 15.02 UAH/ton).

The region is interested in successfully controlling
the situation regarding emissions from the produc-
tion activities of enterprises and getting the maximum
benefit from the established system of penalties.
Accordingly, this target function is of priority impor-
tance for the region and remains a target function:

w, = ZT:(um (t))e™ — max.
t=1

where W, — optimality criterion; p — discount rate.

The discount rate in this instance is assumed to
be equal to the average bank discount rate (in this
instance the indicator is 0.1725).

The amount of waste paper left in landfills, which
releases CO, , will be calculated as the total amount of
waste paper generated in the region minus the waste
paper used in production at the mill:

MM, (£) = Minax () — Min (t), (38)
where AM,, — amount of waste paper remaining at

landfills, tons; Mn.x — the total amount of waste paper
that was created during this period, tons.

(37)
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This has a positive impact on the atmosphere, as
the amount of CO, , which waste paper emits during
decomposition in landfills, decreases. Thus, the level
of pollution will be measured as the amount of pollu-
tion produced by the company, with the exception of
a part, which will be assimilated by the environment,
and part of the emissions that could have been gen-
erated if the waste paper had remained in the landfill:

Ax, (t) = (Ar,, (t)+0,AM, (1)) (1-7,), v, >0, (39)

where Ax, (t)— the level of pollution, tons; v, —
rate, at which production waste is assimilated into the
environment, tons/year (in this case, the indicator is
equal to 0.01 tons/year); o, — amount CO,, which
is released into the atmosphere from 1 ton of waste
paper per year, tons/year (in this situation, this indica-
tor is equal to 0.04 tons/year).

The regional administration aims to ensure that the
level of pollution in the region is not too high, while not
restricting the activities of enterprises too much. The
level of environmental pollution in each year should
strive to minimum.

AX,, (t) > min, t=01,..,T-1. (40)

This target function is less of a priority for the
region and may become a limitation. The level of pol-
lution at each point in time should not be higher than
the value of the pollution level of the emission in the
previous year before the period under study (2017).
In 2017, the level of carbon dioxide emissions in Kyiv
was 5400000 tons:

Ax, (t)<5400000, t=01,..T-1.  (41)

Let us consider 2 scenarios of the country’s devel-
opments, which will affect the situation being consid-
ered. The first scenario is characterized by financial
crisis. Because of the crisis, there will be changes in
the population of the city of Kyiv. Analyzing a simi-
lar situation from another period of time (the crisis of
2008), we can see that the balance between the arriv-
als and departures from the city tends to decrease,
but, in general, it will be positive and consequently
the number of population in the city will also increase.

The second scenario is characterized by a sta-
ble economic situation. Indicators such as average
wages and population in Kyiv would follow a similar
trend, as in the previous review period from 2011 to
2017. Then, by building trend dependencies for both
indicators, we can determine what they will be like in
the period under study.

Also, based on the change of the inflation index
during the previous crisis, it is possible to calculate
the inflation index for the crisis situation and with the
help of trend dependencies we can determine its
value for a stable economy.

Trend dependencies of population, average wage
and inflation index for a stable economy will look as
follows:

K(t)=226,98t> 719,41t +4807,5, (42)
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Table 6
Changes in the population size, average wage and inflation index
from 2018 to 2024 in the context of the crisis
Population, Change_in Change in ) ) Chz_mgc_e in
population Average salary, | average wages Inflation inflation index
Year thousands of compared to UAH compared to index,% compared to
people last year,% last year,% last year,%
2018 2934.50 13547.583 109.8
2019 2958.03 -3.9 18132.89 33.846 114.8 5.00
2020 2980.22 -4.2 18661.56 2.916 119.7 4.89
2021 2993.41 -29.6 20283.57 8.692 111.5 8.6918
2022 3002.10 -24.9 23661.14 16.651 108.7 16.6517
2023 3010.59 -1.8 27161.44 14.7935 104.5 14.7935
2024 3025.87 58.5 29595.94 8.9631 99.94 8.9631
Table 7

Strategies of the enterprise regarding the rate and amount of credit

Term for which the loan is

Ne of strategy taken, years

Initial loan amount, EUR Interest rate,%

Strategy 1 7 10 000 000 6.85
Strategy 2 7 5 000 000 7.41
L(t) = —1,553612 + 35,5t + 2750,9 , (43) j[ion pointg. According to the first strategy, the price_: may
increase in order to encourage the public to turn in the
h(t)=14,98In(t)+134,46 . (44)

The enterprise can choose which credit is more
advantageous for it. According to the available offers
on rates and loan amounts, the enterprise can form
the following strategies for itself.

The tax rate that a region sets in a given period is
a factor that it can manage. The region can form strate-
gies for how the rate will change in each period. The first
strategy was based on a proposal by the International
Monetary Fund. The IMF proposes carbon taxes as an
effective tool to reduce emissions of CO, . The strategy
is to gradually increase the tax for developed countries
on CO, to 75 dollars per ton until 2030, and for develop-
ing countries to 25 dollars per ton or 682 UAH/ton. The
second strategy was based on existing plans to change
the ecological tax in Ukraine. In 2019 the tax rate on
CO, increased almost 25 times from 0.41 UAH/ton to
10 UAH/ton. The future plan is to increase the tax rate by
5 UAH/ton every year.

Consider 2 strategies of how the price of waste
paper may change at secondary raw material collec-

waste paper. Thus strategies for the studied period the
price will increase from 2.5 UAH/kg to 4.43 UAH/kg.
According to the second strategy, the price may on the
contrary decrease in order to compete with imported
raw materials, which are cheaper. The price will
decrease from 2.5 UAH/kg to 1.33 UAH/Kg.

For each combination of strategies, the value of three
target functions for the enterprise and the region was
calculated, taking into account their limitations, in two
economic scenarios. By converting these criteria into an
absolute value and comparing them in pairs, the Pareto
multitude was created. Based on the principle of guar-
anteed result, an acceptable strategy combination was
chosen for both crisis and stable economic situations.
The strategy is a combination of the second credit strat-
egy, the strategy of changing the environmental tax pro-
posed by the IMF, and the strategy of reducing the price
of waste paper at the receiving points for recycled mate-
rials. Table 8 illustrates changes in gross profit, funds and
Table 9 illustrates changes in the amount of emissions
and prices of secondary raw materials from year to year

Table 8

Changes in gross profit and funds of the enterprise taking into account the inflation index
for the selected strategy for both scenarios

Gross profit, UAH Fixed assets, UAH
Year — . - . — " . "
Crisis situation Stable situation Crisis situation Stable situation

2018 857 575 717 857 575 717 1540 489 191 1540 489 191
2019 1475 982 743 1 304 990 547 1433021 842 1433 021 842
2020 2253972120 1 686 380 308 1767 488 794 1581439 722
2021 2612 108 945 2011 273 967 2 521 896 843 1843 767 683
2022 3116 461 432 2 289 814 041 3029 234 467 2 137 147 037
2023 3463 131 067 2521 899 133 3534 632 438 2 415 363 939
2024 3626 626 339 2 701 638 328 3880847 812 2 651 377 435
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Table 9

Changes in waste paper prices at receiving points, emissions from production,
and the inflation index for the selected strategy for both scenarios

Year c§|r|f§izfn“.'fi:ﬁ£a3§:-|'/'ﬂg Amount of pollution, ton Inflation index
Crisis situation | Stable situation | Crisis situation | Stable situation | Crisis situation | Stable situation

2018 2.50 2.50 15030 15030 1.098 1.098
2019 2.47 2.47 20083 18447 1.148 1.085
2020 2.55 2.41 23380 19445 1.197 1.068
2021 2.75 2.32 21432 19841 1.115 1.050
2022 2.76 2.19 21419 19947 1.087 1.033
2023 2.70 2.04 20621 19909 1.045 1.015
2024 2.54 1.86 19464 19790 0.999 0.998

for both economic scenarios. The changes are brought to
actual values in accordance with inflation indices.

Conclusions from the study. During the study, it has
been found that among the existing problems in the pro-
cessing of secondary raw materials utilization of existing
processing facilities and low efficiency of the emissions
tax system are of insufficient capacity. A proposed model
reflects the relationship between processing enterprises
and the region, and suggests strategies for parameters
that region and enterprise manage. The calculations
have shown that a combination of strategies with a sec-
ond credit strategy, proposed environmental tax change
strategy of the IMF and a strategy to reduce the price of
waste paper at recycling points, was favorable for both
economic situations. In both economic scenarios, gross
profit and fund performance increases. This indicates
the economic development of enterprises. In the table,
there can be seen that in actual prices, the gross profit
of fixed assets of enterprises grow faster in a crisis situ-
ation, compared to a stable one because of the inflation
index. But in prices consolidated to the base year, these
indicators grow faster when the economic situation is
stable. Emissions do not exceed the limit value, which
indicates a normal environmental situation in the region.
The review of the model built for enterprises processing
other types of secondary raw materials with due account
of their specific features remains a promising direction.
It is also recommended to introduce an import duty rate
on waste paper at an average rate of 2.2% to limit the
volume of imported waste paper. Thus, the model can
be recommended for use by the management of the
regions, where the enterprises, processing secondary
raw materials, are developing.
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