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Circular investments as a key
to solving the growth dilemma

Abstract. The rationale for this study is based on the extreme importance of finding a solution to a complex
growth dilemma arising from the negative effects of human activity and the limited ability of the ecosystem to
regenerate and provide resources required by mankind to ensure sustainable development and the long-term
prosperity. The research is aimed at proving a scientific hypothesis that states: when the global raw-materials
crisis becomes increasingly noticeable in various countries of the world, including Russia, circular investments
may become a driver for long-term economic growth and the launch of far-reaching reforms of the economy
in the 21st century. Circular investments in this paper are viewed as a special type of real eco-investment that
combines advancements in technology and innovations to ensure renewal and industrial-scale reproduction
of resources (raw materials and energy) from industrial and household waste, along with the mitigation and/or
elimination of negative effects, on the environment. A multiple linear regression model has been developed to
confirm a statistically-relevant connection between circular investments and real GDP. As a methodological
foundation for the model, we used the classic Cobb-Douglas production function modified to take into account
industrially reproduced raw material resources included in the production process. Further, we have defined
major limits for circular investments in Russia today and highlighted the primary measures which are to be
taken to launch circular investments in order to find a solution to the complex growth dilemma.
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MopgaoBcbkuin aepxasHuin yHisepcuTteT imeHi M. . Orapeea, CapaHcbk, Pociicbka denepauis

lNopin B. O.

KaHOWAAaT EKOHOMIYHMX HayK, JOUEHT Kadpeapu TEOPETUYHOT EKOHOMIKM 1 EKOHOMIYHOT 6e3neku,
MopaoBcbkuii gepxxaBHuii yHiBepcuteT imeHi M. . Orapesa, CapaHcbk, Pociicbka depepadis
Konockoe [i. O.

KaHAMOAT EKOHOMIYHMX HayK, OOLLEHT kKadenpu TeOpeTUYHOI EKOHOMIKM 1 EKOHOMIYHOI 6e3neku,
MopgaoBcbkuin aepxxasHuin yHisepcuTteT imeHi M. . Orapesa, CapaHcbk, Pociicbka denepauis
LnpkynsapHi iHBeCTULIT IK KJ1I04 4,0 BUPILLEHHS AUJIeMU 3POCTaHHS

AHoTauis. Lle focnioxeHHs rpyHTYETbCS Ha HEOOXIAHOCTI Ta HaA3BMYaMHIN BaXIMBOCTI MOLUYKY BUPILLEHHS
ONNeMM 3pOCTaHHS, LLO BUMJIMBAE 3 HEraTMBHUX HACNIAKIB NOACLKOI AiSNbHOCTI Ta 0OMEXEeHOi 30aTHOCTI
€KoCUCTeEMI BiAHOBOBATMNCSA Ta 3a0e3neyyBaTi pecypcu, ki HeobXiaHi noacTBy AN 3ab6e3neyYeHHs CTanoro
PO3BUTKY TaA0BrOCTPOKOBOI0 MPOLUBIiTaHHSA. JLJOCNig)XEHHS CNPSMOBaHe Ha 0BEAEHHS HAYKOBOI rinoTe3u, aka
CTBEPOXYE: KON rnobasnbHa CUPOBUHHA KPU3a CTa€ BCe BibLL MOMITHOIO B PiSHMX KpaiHax CBITY, BKJOYA0UN
Pocito, UMpKynapHi iHBECTULLIT MOXYTb CTaTh PyLUiEM JOBrOCTPOKOBOIO €KOHOMIYHOIO 3POCTaHHA Ta No4aTKy
pedopmM ekoHoMiku B XXI cTOniTTi. Y Wil cTaTTi LMPKYNSPHI iHBECTULIT po3rnsaalTbes Sk 0CoBaMBUIA BUL,
peanbHUX eKko-iHBECTULN, WO NoeaHye B cobi Nporpec y TEXHONOriAX Ta iHHOBauisx, wob 3abe3neynTtun
OHOBJIEHHS Ta BIATBOPEHHNA PECYPCIB (CUPOBUHM Ta €Heprii) y NPOMUCIOBUX MacLuTadbax 3 NPOMUCTIOBUX
Ta NOOYTOBMX BiAXOAiB PA30M i3 MOM’AKLIEHHSIM Ta/ab0 YCYHEHHAM HEraTMBHOIO BMJIMBY HA HABKOJIULLIHE
cepepoBule. Moaenbs 6aratopa3oBoi NiHINHOT perpecii 6yna po3pobneHa Ans nNigTBepOoXEHHS CTaTUCTUYHO
peneBaHTHOro 3B’ A3KY MiXX LIMPKYNAPHUMUK iHBECTULiSMU Ta peanbHuM BBI1. Y akocTi MeTo[,010riYHOT OCHOBU
MOZEeNi aBTOPU JOCHIOXKEHHS BUKOPUCTaNN KnacuiHy BUpobHmyy dyHkuito Kobba-Ayrnaca, MmogudikoBaHy
3 ypaxyBaHHSIM MPOMMWCIOBO BiATBOPEHNX CUPOBUMHHUX PECYPCIB, BKMOYEHUX Y BUPOBHUYMIA MpOLEC.
OkpimM uboro, 6ysI0 BU3HAYEHO OCHOBHI OOMEXEHHS AN UMPKYNSPHUX iIHBECTULIM y Pocirickkinh depepauii
Ha Cy4yaCHOMY eTari Ta BUOKPEMIEHO OCHOBHI 3axoAM, Siki HEOOXiOHO BXUTU AN 3amnyCKy UMPKYASPHUX
iHBECTULN ONg TOro, Wob 3HANTU BUPILLEHHS CKIAAHOI AUEMU 3POCTAHHS.

Kniouyosi cnoBa: agunema 3poCTaHHs; Kpn3a pecypciB (CMPOBUHW); KPYrOBi iHBECTULLT; BigX0au; 3aMKHYTUI
LMK PECYPCIB.
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MoppaoBckuii rocyaapcTeeHHbIn yHuBepcuteT nmenun H. M. Orapésa, CapaHck, Poccuiickas denepaums
KopmuwikuH E. A.

KaHAMOAT 9KOHOMUYECKMX HAYK, OOLLEHT,

npodeccop kadenpbl TEOPETUHECKON 3KOHOMUKU N SKOHOMUYECKON 6e3onacHoCTH,

MopaoBcKkuMii rocyaapcTBEHHbIN yHUBepcuTeT umenun H. . Orapéa, CapaHck, Poccuiickas @epepaums
lNopuH B. A.

KaHAMOAT S3KOHOMUYECKMX HayK,

noueHT kadeapbl TEOPETUYECKON 3KOHOMMUKU U SKOHOMUYECKON 6€30MacHOCTH,

MopgaoBckuii rocyaapcTeeHHbIn yHnBepcuteT nmenun H. M. Orapésa, CapaHck, Poccuiickas depepaums
Konockos [i. A.

KaHAMAAT 9KOHOMUYECKMX HayK,

nouUeHT kKadenpbl TEOPETUYECKON 3KOHOMMKU U 9KOHOMUYECKON 6e30MacHOCTH,

MopgaoBckuii rocyaapcTBeHHbIn yHuBepcuteT nmenun H. M. Orapésa, CapaHck, Poccuinickas denepaums
LimpKynsipHbie MIHBECTULIMU KaK KJTI0Y K PELUeHUIO AnJIeMMbl POCTa

AHHOTaums. [JaHHOe 1ccrneooBaHMe OCHOBaHO Ha HEOOXOAVMMOCTU M YPE3BbIHAMHOM BEXKHOCTM NMOMCKA PeLleHns
OnnemMmbl pocTa, BOSHUKAIOLLEN N3-3a HEraTUBHbBIX MOCNEACTBUN OEATENbHOCTY YeNoBeKa U OrpaHNYEeHHOM
CNOCOBHOCTN 3KOCUCTEMBbI BOCCTAHaBMBATLCS M 0OecneymBaTb Pecypchbl, HEOOXOOVMbIE YENOBEYECTBY
ons obecneyeHnst yCTOMYMBOro pasBUTUS M OONFOCPOYHOro NMpouBeTaHus. MiccnegoBaHue HanpaBieHo Ha
[0Ka3aTeNbCTBO HAy4YHOW rMnoTesbl, KOTOpas rMacuT: Korga MMPOBOM CbIPbEBOM KPU3UC CTaHOBUTCS BCE
B6onee 3aMeTHbIM B Pa3/INYHbIX CTPaHax Mupa, B TOM uncne B Poccumn, UMpKynsiuyiOHHbIE MHBECTULIMN MOTYT
CTaTb AparBepoM A0JIFOCPOYHONO 3KOHOMMYECKOro PocTa U 3arycka OONrOCPOYHbIX MHBECTULMI, a Takxe
nposeneHns pedopm akoHOMMKK B XXI Beke. B faHHOM CTaTbe LMPKYASPHbIE MHBECTULMN PAaCCMaTPUBaIOTCH
Kak 0COObI TUM peanbHbIX 3KO-MHBECTULMIA, COYETAIOLLIMX JOCTUXKEHNS B 061aCTM TEXHONOMMIA 1 UHHOBALMIA
ons obecneyeHnss BO3OOHOBNEHNS 1 BOCMPOU3BOACTBA B MPOMbILLIEHHBLIX MacluTabax pecypcoB (Cbipbs
N SHEPrnKn) N3 MPOMBILLNEHHBIX U BbITOBLIX OTXOA0B, @ TaKKe CMSArYeHUs NOCNeACTBUIA U/UNN YCTPAHEHNS
HeraTMBHOIrO BO3OENCTBUSA Ha OKpyXawoLlyio cpeny. Mooenb MHOXECTBEHHOW JIMHENHOW perpeccum Obina
pa3paboTaHa A51s NOATBEPXKAEHUS CTATUCTUYECKM 3HAYMMON CBS3UM MeXAYy LIMPKYNSPHLIMU NHBECTULUSMN
n peanbHbiM BBIN. B kayecTtBe MeTOAOMOMMYECKOW OCHOBbI MOZENW aBTOpamMu MCCnepoBaHust Obina
NCNONb30BaHa Kraccuyeckas Npon3soacTeeHHas eyHkuma Kobba-Lyrnaca, MmoanduumpoBaHHasa ons ydeta
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BOCMPON3BOAMMBIX B MPOMBbILLIEHHBIX MacLLTabax CblIPbEBLIX PECYPCOB, BKIIOYEHHbIX B MPON3BOACTBEHHbIN
npouecc. Kpome T0ro, aBropamm 6bim onpeneneHbl OCHOBHbIE OrPaHMYEHNS AN UMPKYISPHBIX UIHBECTULMI
B Poccuun n 0603Ha4eHbl OCHOBHbBIE MEPbLI, KOTOPbIE HEOOXOAMMO NPEANPUHATL AN1S 3anycka LUPKYISIPHbIX
VWHBECTULUMIA, 4TOObI HAATU PELLIEHME CIIOXHOM AVNEMMbI POCTa.

KnioueBble cnoBa: gunemMma pPOCTa; PECYPCHbLIN (CblIpbEBON) KPU3UC; LUPKYNAPHbIE WHBECTULMN,
HepauMoHasibHble PECYPChI; 3aMKHYTbIN PECYPCHbIN LK.

1. Introduction

The global crisis of 2008-2009 and subsequent «overall inherited low performance of the eco-
nomy» (Spence, 2012, p. 141), as well as the extremely devastating effect the COVID-19 pande-
mic has had on business activities and other aspects of social and economic life in various coun-
tries around the world, including Russia, may be deemed the catalyst that has made the «complex
growth dilemma» a subject for careful study by political economy scientists and other develop-
ment studies specialists today. To put it simply, the dilemma may be posed as two statements: the
first is related to economic growth which is deemed a basis for the development and long-term
prosperity of any country; the second statement is related to the ongoing growth of the economy
that if continued, will result in extreme environmental constraints (Jackson, 2017, p. 31).

It should be noted that in the current difficult situation that has occurred due to the above-
mentioned reasons, even developed countries are programmed to economic growth in the de-
cades to come. It is evident that the «zero growth» or «anti-growth» idea suggested by Meadows
et al., (2005) in high-profile papers The Limits to Growth and Beyond the Limits to the Club of
Rome’s Project are without foundation. As for the German «green» politician and political writer
R. Fuchs, such an idea is delusional and may «... simply result in the collapse of economic activity
and recession, the drastic reduction of demand, increase in unemployment and poverty rates, and
the loss of any hope for the future» (Fiicks, 2016, p. 105).

At the same time, it should be noted that the unchecked growth of the economy (if the type of
growth remains unchanged) will resultin an increased load on the environment due to the increased
consumption of resources, larger environmental footprint and ecological debt left by mankind, as
well as the subsequent material deterioration of environmental quality (climate change and the
«sink» problem, reduced biodiversity and fresh water supplies, soil degradation, depletion of pri-
mary natural resources etc.). Currently, China is the classic example of a dramatic environmental
disaster amid impressive industrial growth (Flicks, 2016, p. 104).

In other words, there is a brand new super-global task today that has not been completely under-
stood by society, but that is already calling for a solution. It is the task to develop a new resource base
for the economy relying on the industrial-scale reproduction of raw materials (Soros, 2004; Kamenik,
2015; Schwab, 2017), which will allow us to go «beyond natural limits» (Kamenik, 2015; Ryazanova et
al., 2020). In our opinion, such a project should become the major project of the XXI century; it is pos-
sible to implement the project only through joint efforts of progressive business interests and the state.

This brings us to the evident need for massive advanced investments in the industrial-scale repro-
duction of resources to manufacture products which will be used as raw materials to overcome the
growth dilemma (Soros, 2004). Such investments (we suggest using the term Circular Investments
for scientific purposes) (Kormishkinaet al., 2018) may launch radical changes in the economy of the
XXI-century economy based on the idea of using «circular» resources in various business hierarchies.

2. Method

To verify the hypothesis about the influence of Circular Investments initially focused on resource
conservation, on reducing the volume of waste and its industrial-scale reprocessing into raw ma-
terials (recycling), and on the growth of the Russian economy, we applied the Cobb-Douglas pro-
duction function, modified to take into account the factor mentioned above. A similar approach is
based on original assumptions by Pittel et al. (2020) about the possibility of including intermediate
inputs that consist of primary resources and recycled waste re-used within the production process
in the classic Cobb-Douglas production function. For this purpose, the Cobb-Douglas function is:

Y = AxLexKP, (1)
where:
Yis the total production volume;
Ais the input-output ratio;
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Lis labour input;

Kis capital input;
is the output elasticity of labour;
is the output elasticity of capital.

We included an additional factor (R), which means waste recycling, in model (1) by transforming
this equation into equation (2). The basic assumption is that industrial-scale reproduction of raw
materials from waste resources (waste recycling) and economic growth are not just interconnec-
ted, but they impose a lagged reciprocal influence. The first impulse shall be GDP growth accom-
panied by increased income and consumption, as well as waste. At the same time, in response to
increased investments resulting from the growth of GDP, new industrially reproduced raw materials
or products from industrial and household waste may be obtained many times over.

We have assessed the directions of such impulses through a distributed lag model and by shif-
ting the time of waste recycling values.

In this study we have assessed the parameters of a developed econometric model with
5 options: from ¢ — 2 to ¢ + 2 with an interval of one year, where ¢is a period of one year in which
GDP was evaluated (e.g., (t— 1) and is used to assess the influence of waste recycling on GDP
with a 1-year lag). When formalized, this correspondence may be:

Yt = AKt*LtPRtY, (2)

where:
Ris waste recycling (industrial-scale reproduction of raw materials);
is the output elasticity of waste recycling.
Our research applies the multiple linear regression model that allows for defining how various
factors influence the final result. To calculate the multiple linear regression, formula 2 is presented
as follows after taking the logarithm:

InY =LlnA+alnK+ BLnL+ yLnR, (3)

The remaining parts of the model were subject to a normality test using graphics and computa-
tional methods. The first method includes the remaining parts distribution bar chart and the nor-
mal and probability chart; the computational method is based on the criteria defined by Kolmogo-
rov-Smirnov and Shapiro-Wilk, as well as on a comparison of values of asymmetry and excess with
standard non-sampling errors. Variables used in the model Y: Russian real GDP; K : Major funds
in comparable prices; L : Average number of employed people per annum; R: Usage and disposal
of industrial and household waste.

3. Results

In terms of the growth dilemma, adequate technologies and new organizational and economic
solutions and conditions are required to create a new raw materials base. Consequently, the posi-
tioned Circular Investments give a real opportunity to ensure the sustainable disposal of industrial
and household waste through the 4R principle (Kormishkina et al., 2018).

The problem for the future of the raw materials base to maintain its economic growth poten-
tial is very relevant for Russia, whose economy is characterised by a high level of consumption of
natural resources and waste generation. Such a negative trend that prevents the growth dilemma
from being solved is defined by the export and raw-material based nature of the Russian economy,
as well as by the level of its technological development. Industrial and household waste dynamics
in Russia are shown in Figure 1.

As per Figure 1, the overall industrial and household waste dynamics in Russia show a solid growth
in volume annually. In 2010-2019, the overall mass of such waste in the country doubled; a short-term
break in growth was seen in 2014-2015 due to a number of measures undertaken (such as implemen-
tation of the environmental levy) under the new Federal Law No. 458-FZ dated 29.12.2014 «On Indus-
trial and Household Waste». The quantity of waste per unit of GDP in 2010-2019 also increased (by al-
most 1/3), which means the growth dilemma is more of an acute issue in Russia today.

In this context, Russia shows an extremely low level of industrial and household waste manage-
ment (see Figure 2), which for Municipal Solid Waste was just 7% in 2019, against 25% in the USA,
26% in France, 28% in Finland, and 67% in Germany.
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While leading countries (such as Japan, Germany, and other EU countries) have already ap-
plied mechanisms that provide for implementation of the familiar concept of Zero Waste, Russia
remains the world leader in waste dumping (disposal). The data from Figure 2 shows that waste
disposal on landfills is still the primary method of industrial and household waste management
in Russia. Such an approach may not be deemed rational due to the actual denial of waste’s re-
source value and the negative effect on the environment (landfills are a serious source of pollu-
tion of soil, ground water, and the atmosphere with toxic compounds, highly toxic heavy metals,
landfill gases, as well as with dioxins, furanes, and biphenols when landfills are burned).

It is obvious that in terms of the growth dilemma, the major effect of solving the industrial and
household waste management issue is based on reusing raw materials to the greatest possible
extent. In leading countries, the share of waste reused in production is 80-87%, and the Russian
economy could use this figure as a guide (Lipina, 2018, p. 146).

Comparable analysis of industrial and household waste generation and disposal in consti-
tuent entities of the Russian Federation have identified disproportions in this concern. As the
datain Figure 3 show, most constituent entities of the RF currently produce more waste that dis-
pose of it, which results in the actual increment of accumulated waste. Only 6 constituent enti-
ties of the RF dispose more waste than generate it, which means that recycling as a business is
more or less developed in these regions.

Note: for the period 2011-2015, data in 2011 prices; for 2014 - in prices of 2011 and 2016;
for 2015-2019 - in prices of 2016.

Figure 1:
Industrial and household waste dynamics in Russia and waste volumes per unit of GDP in 2010-2019
Source: Authors’ calculations based on data from the Federal State Statistics Service of Russia

Figure 2:
Waste management levels in Russia and around the world in 2019 (%)
Source: Budanov et al. (2020)
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The insufficient amount of investment into recycling (Circular Investments as we suggested) is
seen by experts of the Accounts Chamber of the Russian Federation as one of major reasons for
such low usage of industrial and household waste in business activities within the country. Experts
from the Accounts Chamber estimated a required volume of waste management infrastructure
to be RUB 428 billion, of which about 80% shall be obtained from investors and the other 20% fi-
nanced from the federal budget (ACRF Newsletter, p. 43).

It should be acknowledged that in current conditions, when the threat of the global raw ma-
terials crisis is growing, Circular Investments shall be given a key role in maintaining the poten-
tial for long-term economic growth. This is due to the nature of Circular Investments and com-
pliance with principles of ESC investments. Indeed, to obtain this result from Circular Invest-
ments, one should develop super-new innovative technologies in various directions focused on
the industrial-scale reproduction of raw materials. One should bear in mind that products manu-
factured with the use of such technologies will also be high-tech, highly competitive, with ex-
port potential.

The lack of a unified approach to the nature of a conceptual framework, uncertainty with
terminology, and the imperfection of forms of federal statistical control over waste manage-
ment and eco-investing (including its circular component) make it harder to run retrospec-
tive analytical estimates with regard to this problem. Based on official actual data and as-
suming that the dynamics of Circular Investments reflect major trends in environmental costs
in Russia, we have established that a share of capital investments in waste management has
been decreasing within total environmental investment (see Figure 4). If the capital investment
share in 2014 was 10%, in 2015 it went down to 8%, and again further down to 6% in 2016 and
4% in 2017. Furthermore, the total growth of such investments functioning in actual applied
prices for the period under review is incomparable with the dynamics of waste generated by
the economy.

The investment curve shown on Figure 4 is presented in an echelon form; there are two dis-
tinct periods during which the amount of investment remained on one level. The first period
(2000-2006) when the amount of investment was from 2000 m to 3000 m.; the second period
lasted from 2008 to 2017 and saw fluctuations in investment from 7000 m to 8000 m.

Figure 4:
The dynamics of investment in waste management and current environmental costs in Russia,
presented in actual applied prices
Source: Authors’ calculations based on data from the Federal State Statistics Service of Russia
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Waste management costs have increased sharply, as well as environmental costs for protec-
ting the environment from industrial and household waste starting from 2017 (see Figure 4), which
resulted primarily from the adoption of the Environmental Security Strategy of the Russian Fede-
ration to 2025. The Strategy provides financial support primarily through the state budget alloca-
ted to implement the Environmental Security Strategy, as well as through extra-budgetary re-
sources. Adoption of the Strategy meets new environmental and social requirements and enables
the sustainable development of the economy.

However, due to the lack of the required technological base, businesses are not yet ready
to develop an effective industrial and household waste management system on their own and
create a disposal industry. Capital investment into protection of the environment from industrial
and household waste increased in 2015 only by RUB 5048 m. One may assume that this came
about as a response to amendments to Federal Law No. 89-FZ dated 24.06.1998 «On Industrial
and Household Waste» adopted on 1 January 2014 to implement territorial schemes, regional
programs for waste management, investment programs for Municipal Solid Waste operators, the
environmental levy, and some other innovations. These amendments also provided for a direc-
tive-based enforcement or the fiscal stimulation of waste management system subjects to imple-
ment new disposal capacities.

We developed 5 specifications of models with shifted resource recycling values against GDP
from -2 to +2 years. Where ¢ period is used, it means that GDP and resource recycling values for
the same period were applied; ¢t — 2 means that the effect of recycling on GDP dynamics was es-
timated with a 2-year lag. In addition to these specifications, we established that L was missing
from the model. Results of the assessment of calculated regression models based on the least
square adjustment method are shown in Table 1.

The data in Table 1 show that the best results are obtained when the lag of 2 years between
the usage of waste resources and GDP dynamics (regressions 2, 6) is applied, as well as re-
gression model 1 with no lags. It should be noted that the ¢ — 2 period points to statistically
significant negative correlations between resource recycling and GDP volume, whereas when
there are no lags, the correlation becomes positive. We believe that the explanation may be as
follows.

Firstof all, t— 2 is a period when the composition of inputs of production may be subject to signi-
ficant change; and a negative correlation denotes that businesses take into account environmen-
tal rules and regulations when investing (alternative use increases the active part of fixed capital),
which may slow down GDP growth in the mid-term. Furthermore, this may mean that the influence
of Circular Investments have on GDP dynamics and technology level matching the «4R» principle

Table 1:
Regression Models Specifications
Variable Regression model parameters
1 2 3 4 5 6
Constant 8.153%** 2.706 4.451 5.451** 4,995%%* 1.189%**
(2.821) (1.584) (1.308) (2.616) (2.698) (3.543)
LnK 0.323* 1.113%%* 0.662%** 0.393** 0.389** 1.067***
(1.94) (8.379) (3.170) (2.694) (3.023) (8.791)
LnL -1.261%* -0.385 -0.576 -0.611 -0.468
(-1.84) (-0.906) (-0.700) (-1.196) (-1.027)
LR 0.183*
t (2.07)
LR -0.279%** -0.286%**
t2 (-4.66) (-4.893)
-0.032
LNRe1 (-0.295)
0.059
LNRevt (0.887)
0.024
LnRw+a (0.391)
Number of cases 15 13 14 14 13 13
F-statistics 22.041%* 40.289%** 12.094%** 18.118*** 14.219%%* 61.14%%*
R? 0.857 0.930 0.784 0.845 0.826 0.924
Adjusted R® 0.818 0.908 0.719 0.798 0.768 0.909

Notes: Statistical significance: 10% — *; 5% — **; 1% — ***; ¢ -value is given in brackets.
Source: Calculated by the authors
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are not synchronised. This provides for changes in macroeconomic policy that should be direc-
ted not only in the economic facilitation of Circular Investments that are deemed to be a growth
driver, «but also on the distribution of investments in such a way as to ensure the technological
development of the economy along with changes in development institutions» (Sukharev &
Voronchikhina, 2020).

Secondly, the application of model 1 with no lags showed that waste recycling and re-use today
brings a positive effect on the GDP dynamics in the relevant year. Waste recycled in the current pe-
riod is highly likely to be used in the production process in the same period, as it is expensive for
the owner to keep recycled waste for a long period.

Thus, the model of the influence of resource recycling on GDP dynamics may be developed
into an equation (4). This explains over 80% of response fluctuations, provided that the response
is statistically highly significant:

LnY, = 8153 + 0.323LnkK; - 1.261LnL; + 0.183 LnR; (4)

The remaining parts distribution analysis for normality for model (4) was based on graphics and
computational methods. The results of a graphics analysis of the remaining parts gave us reasons
to state that they are normally distributed, which is confirmed by both the remaining parts distri-
bution bar chart (a) and the normal and probability chart (b). In general, the remaining parts bar
chart provides for a hypothetic bell-shaped curve, where some gaps may occur due to the small
number of observations (Figure 5).

The normal and probability chart shows that the remaining parts are relatively close to a hypo-
thetic normal curve, which also proves the usability of the model (Figure 6).

To evaluate the normality of the remaining parts distribution, we used computational methods,
such as the Kolmogorov-Smirnov test and Shapiro-Wilk test, as well as asymmetry and excess
values, and their errors.

Asymmetry in the modulus is 0.094524, the standard non-sampling error amounts to 0.580119,
which is more than 6 times larger than asymmetry (minimal threshold value is 3), which supports
our assumption about normal distribution. The excess amounts to 0.387037, but the standard non-
sampling error is 1.120897; thus, their correlation is less than the threshold value of 3, although it
appears to be rather close (2.9). At the same time, the accumulated results of assessment of the

Figure 5:
The Remaining Parts Bar Chart for the Model
for the Resource Recycling Influence on GDP Dynamics
Source: Compiled by the authors
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Figure 6:
Normal and Probability Chart of Remaining Parts for the Model
for Resource Recycling Influence on GDP Dynamics
Source: Compiled by the authors

asymmetry and excess give reasons to state that the analysis of the remaining pats for normality
was also positive.

Thus, the parameters of the model and analysis of its remaining parts give reasons to assume
that the model is correct and may be used for further research and executive decision-making.
The statistically significant positive correlation between industrial-scale reproduction of resources
(resource recycling), on the one hand, and changes in real GDP, on the other, prove the initial hy-
pothesis of the research.

4. Conclusion

World will need to give up its consumption-based economic growth model (for Russia it is
an export-based and raw material-based model) in exchange for an investment model that re-
quires technological advancement and the input of the recycling sector of the economy into
ensuring a higher pace of economic growth based on a changed investment structure and its
advanced dynamics.

Against this background, Circular Investments, initially oriented on resource conservation,
maximum usage of resource waste in economic turnover, and the creation of a complex system of
environmentally safe industrial and household waste management, becomes a key condition and
some sort of a «pillar» for solving the complex growth dilemma. This is what provides impetus to
the following positive change in the economy of the XXI century:

+ Economic development that no longer depends on the consumption of raw materials;
- Reduced consumption of non-renewable sources of energy (oil, gas, coal);

- Reduced man-made environmental impact;

+ Creation of new high-tech work places in the labour market;

+ Amended tax system to favour environmentally sustainable production, etc.
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