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Abstract

Introduction. The study of the development of CO,-neutral economy shows that this concept was only
examined from a theoretical point of view in the first phases and has become a priority development area of
all countries of the world since 2019. Carbon neutrality means not only a massive conversion of traditional
energy into renewable (alternative), but also a complete thermal modernization, a change in the production
sector towards energy saving and energy efficiency, innovative changes in wastewater treatment systems
and recycling, etc. In other words, an important engine for the development of a CO,-neutral economy in
the national economic system is a set of mechanisms and instruments to improve energy efficiency through
sustainable innovative development.

Theoretical base. For a detailed analysis of the conditions for the development of the energy efficiency
of the national economy (Charles, 2019), it is necessary to monitor the state of the energy system and
the environmental situation in the country (Huang, 2019), since today almost all countries of the world
have reconsidered their priority areas in the development of the energy sector and have actively started
to implement reforms for modernization and conversion towards energy production (Khan, 2018). The
most promising areas were alternative energy sources and the development of a carbon-neutral economy
(Jiahai, 2019). Therefore, the countries of the European Union have agreed on an action plan for energy
efficiency for the period 2007-2020 (Kraemer, 2020), which is a 20-20-20 plan - reducing CO, emissions
by 20%, improving energy efficiency by 20% and increasing the share of renewable sources in the energy
sector by 20% (Lakshman, 2019). In this phase, Russia plans to achieve 11% of renewable energy sources
in the structure of final energy consumption and increase energy efficiency by 9%. At the same time, Russia,
which has joined the Paris Climate Agreement (Rehbein, 2020), has set itself the goal of reducing CO,
emissions by 40% by 2030 compared to 1990 (Shu, 2019).

The aim of the study is to develop theoretical and methodological tools for assessing the level of energy
efficiency of the national economy and its main determinants.
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Results. The forecast results showed that there is a significant discrepancy between the optimistic and
realistic scenarios of the dynamics of changes in the economy’s diverging sub-index of energy efficiency.
According to the optimistic scenario, the balancing of the convergent and divergent sub-indices will take
more than 10 years (in 2020, the value of the convergent sub-index of energy efficiency of the national
economy was 0.84 and the projected value of the divergent sub-index in 2030 was 0.71).

Conclusions. The growth of the economy’s integral energy efficiency index is possible if a stable balance
is achieved between its convergent and divergent determinants. Calculations have confirmed that the
implementation of state policies to ensure the energy efficiency of the economy should primarily focus on
increasing divergent determinants of the energy efficiency of the economy. To target the diverging sub-
index of the national economy’s energy efficiency, the paper performs a scenario forecast of the vector of
its change based on the Brown model, which takes into account the retrospective nature of the distribution
of its time series and eliminates fluctuations in random variables.
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OuiHka eHeproeeKkTUBHOCTI HaLiOHANIbHOT @eKOHOMIKMN

3 TOYKU 30pY IHBECTULIN Y 3eJIeHY eHepreTuky

AHoTauia

Bctyn. BuBYeHHS €BOMOLji BYIfIELLEBO-HENTPAIbHOI €KOHOMIKM MOKa3ye, WO Ha Mepliux etanax us
KOHLLeNLUis po3rnsganacs TiNIbKKM 3 TEOPETUYHOI ToYkM 30py, a 3 2019 poky BoHa cTana NpiopuUTeETHUM
HaNpPsSIMKOM pPO3BUTKY Ang 6aratbOx KpaiH CBiTy. ByrneueBa HEWTpPanbHICTb O3HAYaAE He TiNbku
MacoBMWIA nepexig, Big TpaauuinHOI eHepreTukm [0 BiAHOBIOBAHOI (anbTepHATUBHOI), ane M MNoBHY
TensoBy MojepHi3auito, mMoaudikauito BUPOOHMYOro cekTopa B HanpsiIMKy eHepro3depexeHHs Ta
eHeproedekTUBHOCTI, iIHHOBALLiNHI 3MiHM B CUCTEMAX OYULLLEHHS CTIYHUX BOA, 1 yTUNi3au,i Biaxoais. IHWMMKN
cnoBamMu, BaXAMBUM ABUIYHOM PO3BUTKY BYrNeLUEBO-HENTPaNbHOI EKOHOMIKM B CUCTEMI HaALLOHANbHOI
€KOHOMIKUM € CYKYMHICTb MEeXaHi3MiB 11 iIHCTPYMEHTIB NiABULLEHHS PIBHSA eHeproedekTUBHOCTI 32 paxyHOK
CTasioro iHHOBaLIMHOIo PO3BUTKY

TeopetnyHa 6asa crarri. [Onsa pgeTtanbHOro aHanidy nepeaymoB PO3BUTKY eHeproedekTUBHOCTI
HaLioHaNbHOT1eKOHOMIKMHEeobXiaHO CTEXMTN 3aCTaHOM eHEPreTUYHOI CUCTEMN TaeKOJI0THHO CUTYaLLIEIO
B KpaiHi (Hapnb3, 2019; XyaH, 2019), ockinbkn CbOrogHi NpakTUYHO BCi KpaiHW CBITY MEPEOCMUCNN CBOI
NMPIOPUTETHI HANPSAMKU B PO3BUTKY EHEPreTUYHOIO CeKTopa M akTUBHO NoYanu nposoauTn pedpopmn 3
MogepHisauiiTanepenpodintoBaHHABUPOOHMLTBaeHeprii(XaH,2018), po3BUTKYBYrNeLeBO-HENTPaNbHOI
€KOHOMIKN 1 anbTepHaTMBHOI eHepreTuku (Lisaxan, 2019). Tak, kpaiHm Esponericbkoro Coio3y noroannm
MnaH gin 3 nigBueHHa eHeproedekTuBHOCTI Ha 2007-2020 poku (Kpamep, 2020), akuii nepenbdadae
ckopoyeHHsa sukuais CO, Ha 20%, niaBulLeHHs eHeproedekTUBHOCTI Ha 20% i 36iNblIeHHS YacTkm
BiOHOBMIOBaAHUNX AXepen B eHepreTnyHomy cektopi Ha 20% (JlakwmaH, 2019). Y nnanax Pocii Ha gaHomy
eTani — AOCArHEHHS YaCcTKW BiAHOBNIOBAHUX AXXEPES eHeprii B CTPYKTYPi KiHLLEBOro eHEProCNnOXMBAHHS
Ha piBHI 11% i nigBMLLEHHS piBHA eHeproedekTUBHOCTI Ha 9%. Y Tol xe yac Pocig, gka npuegHanacs
Ao Mapunabkoi yroam 3 knimarty (PeGeiH, 2020), noctasuna 3a mety ckopotutn Bukuan CO, Ha 40% ao
2030 poky nopiBHaHO 3 1990 pokowm (LUy, 2019).

Merta gocnigxxeHHsi — po3pobka TeopeTUKo-MeToa0J1I0rNYHOro iIHCTPYMEHTapito OLIHKM PiBHSA eHepro-
e EeKTNBHOCTI HaLLIOHaNbHOT EKOHOMIKM Ta MOr0 OCHOBHUX AEeTEPMIHAHT.

Pesynbrarn. Pe3ynbrati HaLIOro NporHo3y rnokasasnn, Lo iCHYE iCTOTHA PO30iXKHICTb MK ONTUMICTUYHUM i
peaniCTM4HNM CLieHapiaMu OUHAMIKU 3MiH OVBEPreHTHOro CyOiHAEKCY eHeproedeKTUBHOCTI HauiOHaJIbHOI
€KOHOMIKM. 3rigHO 3 ONTUMICTUYHUM CLEHapieM, 6anaHCyBaHHS KOHBEPreHTHUX | AMBEPreHTHUX CYOiHOEKCIB
3aiime Ginblie 10 pokis (y 2020 poLii 3Ha4eHHS KOHBEPreHTHOro CyOiHAEKCY eHeproedeKTMBHOCTI HaL[IOHAJTbHOI
ekoHoMikn cknano 0,84, a nporHo3He 3HadeHHs amBepreHTHoro cydiHaekcy B 2030 poui — 0,71).

BucHoBKu. 3pOCTaHHS iHTErpanbHOrO NOKa3HmMka eHeproedekTUBHOCTI HaLLIOHAIbHOT EKOHOMIKU MOXINBE
3a YMOBW AOCSArHEHHSN CTINKOro 6anaHcy MiX Moro KOHBEPreHTHUMW M AUBEPreHTHUMN AeTepMiHaHTaMu,
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PospaxyHku nigTeepannu, WO peanisauis AepXaBHOI MoniTuky 3abeanevyeHHs eHeproedekTUBHOCTI
HaLjoHaNbHOI eKOHOMIKM MOBUHHA ByTK cnpsiIMOBaHa MepLl 3a BCE Ha NiABMWLLEHHS PIBHA ONBEPrEHTHUX
DEeTePMIHaHT eHeproedeKTUBHOCTI HaLLIOHANbHOT EKOHOMIKW. [1ns TapreTyBaHHA OUBEPreHTHOro MigiHAEKCY
eHeproedeKTUBHOCTI HaLiOHaNIbHOT EKOHOMIKM B pOOOTi BUKOHAHO CLEHapHE NPOrHo3yBaHHSA BEKTOpa MOro
3MiHM Ha OCHOBI Moaeni bpayHa, Lo BpaxoByE PETPOCMNEKTUBHUI XapakTep PO3Mnoaisly MOro 4acoBux psais
i BUKNtoYae GNykTyaLii BUNagKkoBmMX BENYNH.

KniouyoBi cnoBa: 3efieHa eHepreTrka; iHBeCTULLT; eKOHOMIKa; OLiHKa.
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OueHka 9HeproadPeKTUMBHOCTN HALLMOHAJIbHOW 3KOHOMMUKU

C TOYKM 3PEHNS MHBECTULIMI B 3€J1eHYIO SHepreTuky

AHHOTaUMA

BBegeHune. VI3ydeHne 3BOMIOLNN YINEPOOHO-HENTPANbHOW 3KOHOMMKM MOKa3bIBAET, YTO HA MEPBbIX 3Tanax
3Ta KOHLLEeNUMS naydyanach TONbKO C TEOPETUHECKOM TOYKM 3peHnst, a ¢ 2019 roga oHa ctana NpMopUTETHbIM
HanpaBfieHMEeM pPa3BUTUS CPeau BCEX CTpaH mMupa. YrnepoaHas HenTpanbHOCTb MnoapasymMeBaeT He
TONbKO MacCOBbIA Nepexof OT TPagUUMOHHOW SHEepPreTMkM K BO30OHOBNSIEMON (anbTepHaTMBHOM), HO
M MOJIHYIO TEMJIOBYID MOAEPHM3auuio, Moandukaumio NPOU3BOACTBEHHOIO CEKTOpPa B HanpaBfieHUM
3HeprocbepexeHns u aHeproadPeKTUBHOCTN, MHHOBALIMOHHbIE MBMEHEHUSI B CUCTEMAX O4YUCTKN CTOYHbIX
BOA N YTMAN3ALMN OTXOO0B UT.A. MHbIMM CNOBaMU, BaXXHbIM ABUIrATENEM PA3BUTUS YINEPOaHO-HENTPaNbHOM
3KOHOMMKM B CUCTEME HALIMOHANIbHOW 3KOHOMMKU SABNISIETCS COBOKYNHOCTb MEXaHU3MOB U MHCTPYMEHTOB
NOBbILLEHNS YPOBHSA 3HEProadHeKTUBHOCTM 3a CHET YCTOMYMBOIro MHHOBALUVIOHHOIO pa3BuUTUS
Teopetuyeckas 6a3a crarby. [1ns netanbHOro aHannaa npeanochbiiok Ppa3BuTuS aHeproadeKTUBHOCTH
HaLUMOHANIbHON 3KOHOMWKM HEeOobXOAMMO CNeauTb 3a COCTOSIHMEM SHEepreTM4eckol CUCTEMbI U
3Konornyeckonm cutyaumen B crtpaHe (Hapnbs, 2019; XyaH, 2019), NnOCKONbKY CErogHs npakTU4eckn Bce
CTpaHbl MMpa NepPEe0CMbICINAN CBON NPUOPUTETHLIE HANPAaB/IEHNS B PA3BUTUN SHEPreTUYECKOro cekTopa
M aKTUBHO Ha4vann NpPoBOANTb PedopMbl MO MOAEPHU3ALUM N NepenpodPUINPOBaAHMNIO B HaNpaB/ieHnun
npou3eoacTea aHepruu (XaH, 2018). Hanbonee nepcnekTUBHbIMM HanpaeneHnaMmn Obinn ansTepHaTUBHbIE
WCTOYHMKN 3HEPTMN U Pa3BUTUE YIEPOAHO-HENTPaNbHON 3kOHOMUKM (Li3sxan, 2019). Tak, cTpaHbl
EBponeickoro cotsa cornacosanu [NnaH 4encTBmii No NOBbILLEHNIO 3HepProaddekTneHocTN Ha 2007-2020
roasl (Kpamep, 2020), koTopelit npeactasnaet coboi nnax Ha 20-20-20 net — cokpalueHue Beibpocos CO,
Ha 20%, noBbilLeHNEe aHeproadPPekTUBHOCTU Ha 20% 1 yBenmnyeHne nonm BO30OHOBNSEMbIX MCTOYHNKOB B
3HepreTnyeckom cektope Ha 20% (JlakwmaH, 2019). B nnaHax Poccum Ha gaHHOM aTane — goctuxkenue 11%
00 BO30OHOB/SIEMbIX UCTOYHUKOB SHEPIUKN B CTPYKTYPE KOHEYHOIO SHEPronoTpebieHns 1 noBbilLeHne
YPOBHS 3HeproaddekTneHocTn Ha 9%. B 1O Xe Bpems Poccusa, npucoeamHuBLiascsa kK lapmxckomy
cornatueHuio no knmmary (PeGenH, 2020), noctasuna uesnb cokpatuTs Beidpockl CO, Ha 40% k 2030 roay
no cpaeHeHuto ¢ 1990 rogom (LUy, 2019).

Llenb nccnepoBaHnsi — pa3paboTka TEOPETUKO-MEeTOA0/I0OMMYECKOr0 MHCTPYMEHTAPUS OLEHKN YPOBHS
3HeproadpPeKTUBHOCTN HALIMOHAIbHOW 3KOHOMWKM N €r0 OCHOBHbIX A€TEPMUHAHT.

Pe3ynbrarbl. Pe3ynbtaThl Halero NnporHo3a nokasasnmu, 4To MMeeTCs CYLLECTBEHHOE PacXoXAeHne Mexay
ONTUMUCTUYECKUM W PeaNMCTUYHbIM CLEHapUaMN OANHAMUKA U3MEHEHWUI OVBEPreHTHOro cyomHoekca
3HeproaddEeKTUBHOCTU  HAUMOHANIbHOW  3KOHOMMKU. CornacHO ONTUMUCTUYECKOMY  CLEHapuIo,
HanaHcMpoBaHME KOHBEPreHTHbIX M OMBEPreHTHbIX cybuHaekcoB 3arimeT 6onee 10 net (B 2020 roay
3Ha4YeHME KOHBEPreHTHOro cybuHaekca aHeproad@PeKTUBHOCTU HALMOHANbHOM 3KOHOMUKU COCTaBWUIIO
0,84, a nporHo3Hoe 3Ha4YeHne aneepreHTHoro cybmHaekca B 2030 rogy — 0,71).

BbiBOAbI. POCT MHTErpasibHOro nokasarens aHeproadp@ekTMBHOCTU HALMOHAIbHON 3KOHOMUKM BO3MOXEH
NnPU YCNOBUM OOCTUXEHUS YCTOMYMBOro 0OanaHca MexXay ero KOHBEPreHTHbIMU W OVBEepPreHTHbIMMU
neTepMuHaHTaMn. PacyeTbl NoaATBEPOMAN, YTO peanusauusi rocydapCTBEHHOM NONMTUKM obecrnedyeHuns
3HeproaddEeKTUBHOCTM HaLMOHANbHOW 3KOHOMWKM A0J/KHA ObiTb HanpasfieHa B MepPBYD o4epenb Ha
NOBLILLEHNE YPOBHS OMBEPrEHTHbIX AETEPMUHAHT 3HEProdadOEKTUBHOCTN HALMOHATBHON 3KOHOMUKW.
[na TapretupoBaHnsa ANBEPreHTHOro noguHaekca sHeproaddOEeKTUMBHOCTU HALMOHANbLHOW 3KOHOMUKN B
paboTe BbINOJIHEHO CLiEHapHOe NPOrHO3MpPOBaHME BEKTOPAa €ro U3MeHeHust Ha OCHOBe Moaenn bpayHa,
YUYNTLIBAIOLLEN PETPOCMNEKTUBHBLIN XapakTep pacrnpenesieHns ero BPEMEHHbIX PAOO0B U UCKIOYaloLEen
bNyKTYyaunm cryqyamHblX BEJINYUH.

KnioueBble cnoBa: 3eneHasi SHEPreTnka; MHBECTULINMK; BKOHOMMKA; OLEHKA.
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1. Introduction

The study of the development of CO,-neutral economy shows that this concept was only
examined from a theoretical point of view in the first phases and has become a priority develop-
ment area of all countries of the world since 2019. Carbon neutrality means not only a massive
conversion of traditional energy into renewable (alternative), but also a complete thermal mo-
dernization, a change in the production sector towards energy saving and energy efficiency, in-
novative changes in wastewater treatment systems and recycling, etc. In other words, an impor-
tant engine for the development of a CO,-neutral economy in the national economic system is
a set of mechanisms and instruments to improve energy efficiency through sustainable innova-
tive development.

2. Brief Literature Review

The level of energy efficiency and monitoring of the dynamics of the development of this indica-
tor have become key areas in shaping the energy strategy of many countries of the world, including
Russia. In view of the instability of the price policy for fossil fuels (oil, gas) and the intensification of
climate change-related environmental problem, and the negative (irreversible) effects on the envi-
ronment had to be recognized that the effective (rational) use of energy resources is an alternative
way to increase the economic, environmental and social safety level of the country (Akber, 2017).

For a detailed analysis of the conditions for the development of the energy efficiency of the
national economy (Charles, 2019), it is necessary to monitor the state of the energy system and
the environmental situation in the country (Huang, 2019), since today almost all countries of the
world have reconsidered their priority areas in the development of the energy sector and have ac-
tively started to implement reforms for modernization and conversion towards energy production
(Khan, 2018). The most promising areas were alternative energy sources and the development of
a carbon-neutral economy (Jiahai, 2019).

Therefore, the countries of the European Union have agreed on an action plan for energy effi-
ciency for the period 2007-2020 (Kraemer, 2020), which is a 20-20-20 plan - reducing CO, emis-
sions by 20%, improving energy efficiency by 20% and increasing the share of renewable sources
in the energy sector by 20% (Lakshman, 2019).

In this phase, Russia plans to achieve 11% of renewable energy sources in the structure of final
energy consumption and increase energy efficiency by 9%. At the same time, Russia, which has
joined the Paris Climate Agreement (Rehbein, 2020), has set itself the goal of reducing CO, emis-
sions by 40% by 2030 compared to 1990 (Shu, 2019).

The study of the development of a CO,-neutral economy shows that this concept was only
examined from a theoretical point of view in the first phases and has become a priority develop-
ment area of all countries of the world since 2019. Carbon neutrality means not only a massive
conversion of traditional energy into renewable (alternative), but also a complete thermal moder-
nization, a change in the production sector towards energy saving and energy efficiency, innova-
tive changes in wastewater treatment systems and recycling, etc.

An important engine for the development of a CO,-neutral economy in the national economic
system is a set of mechanisms and instruments for improving energy efficiency through sustaina-
ble innovative development (Tian, 2018).

It should be noted that the transition to a carbon-neutral economy depends primarily on the ef-
ficiency of the energy sector, which is of strategic importance for the country (Chen, 2019).

The problem of improving energy efficiency in Russia is one of the most important prob-
lems for ensuring sustainable innovative development and energy independence of the country
(Ghosh, 2016).

In particular, the scientific community today focuses on evolutionary theories for the develop-
ment of the energy efficiency of the economy in the context of sustainable and climate-neutral
development using bibliometric analyses.

For example, in the scientific publication (Blondeel, 2016), the authors carried out a detailed
analysis using the Scientometric databases Scopus and Web of Science Software in relation to the
significant contribution of international communities, universities and scientific societies to high-
lighting problems and solutions in the field of sustainable development and energy efficiency in
connection with the formation of an energy-saving infrastructure (Al-Yahyaee, 2019).

Accordingly, a large number of scientific papers are devoted to the study of the energy ef-
ficiency of the national economy (lfigo, 2014), the study of indicators and determinants that
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influence them, as well as methods of improvement related to energy saving and energy secu-
rity of the country.

3. Purpose
To develop theoretical and methodological tools for assessing the level of energy efficiency of
the national economy and its main determinants.

4. Materials and Methods

The methodological basis of the work consists of fundamental provisions of economic
theory, management theory, state regulation of the economy, macroeconomic forecasting,
economic mathematical modelling and scientific work to improve the energy efficiency of the
economy.

According to certain tasks, the following research methods were used: trend and bibliometric
analysis - to identify patterns in the development of theory to ensure the energy efficiency of the
economy; methods of logical generalization, comparison and benchmarking - in the formation of
conceptual foundations for the implementation of state policies to improve the energy efficiency
of the economy, etymologizing approaches to assess the energy efficiency of the economy.

5. Results and Discussion

5.1. Determinants of the impact of green energy on the country’s economy

The scientific publication (Kraemer, 2020) investigated seven determinants of the impact
(GDP per capita (in constant prices), the real price of energy is equivalent to the price of oil,
the real price of energy in terms of gas prices, the added value of the industrial sector (in con-
stant prices), carbon dioxide emissions per capita (metric tons), the number of technological
exports, gross formation of fixed capital (in constant prices)) on the level of energy efficiency
using a stochastic approach and comparative analysis:

EE =E(GDP, PE, PG, VI, CO,T,F,GR,EU,,,t), (1)

where:

EE, is energy efficiency (GDP per 1 kilogram of oil); GDP, is GDP per capita (in constant prices);

PE, - the real price of energy in equivalent to oil prices;

PG, - real energy price in terms of gas prices;

VI - added value of the industrial sector (in constant prices);

CO, - CO, emissions per capita (metric tons);

T - amount of technological export;

F, - gross fixed capital formation (in constant prices);

GR - institutional adjustment indicator (fluctuates against the standards of the industrialized eco-
nomic market from 1 to 4);

EU,, - institutional adjustment indicator (1 for countries subject to European energy policy,
0 - otherwise);

t, - temporary adjustment factor (1996-2013).

The justification of a consistent multi-level system of energy efficiency indicators and their im-
pact on the economy will be examined in a scientific publication (Lakshman, 2019). In general, the
author (Henderson, 2019) identifies two main types of indicators:

energy efficiency, namely: economic and thermodynamic energy efficiency indicators using
real GDP as the denominator, and physical and thermodynamic energy efficiency indicators based
on the production volume index.

When investigating a linear programming model for measuring general economic Energy Ef-
ficiency Indicators (Global Environment Institute, 2019), the authors use the Data volume ana-
lysis (DEA) method, which is very popular in energy efficiency analysis. Scientists use the envi-
ronmental concept of data volume analysis (DEA) to identify three alternative energy efficiency
indicators (2-3) at the level of the 215t century:

EE, (x,,%,9,,¢6,)=min@, (2)
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where:

x, is the vector of non-energy inputs;
z, - energy consumption vector;

y, - vector of desired outputs;

¢, - vector of unwanted outputs.

EE, (xo,zo,yo,eo)=minLleL=91, (3)

where:
L are energy inputs consisting of different energy sources.

The systematization of scientific research to determine the energy efficiency level of the econo-
my has shown that there is a lack of a theoretical and methodological approach to its assessment,
generally accepted by the international community, due to the discrepancy and inconsistency of
indicators for the energy efficiency of the economy and its assessment instruments.

The paper identifies three main approaches for determining the energy efficiency level of
the economy in relation to the main evaluation criteria, which describe the conditions for the
functioning of the energy sector of the economy and the targeted importance of its develop-
ment:

1) dynamic comparative approach the assessment of the national economy’s energy efficiency is
based on the comparison of the actual and retrospective values of individual energy indicators
(energy intensity of the country’s GDP, energy consumption, energy productivity, etc.). This ap-
proach only takes into account the dynamics of fluctuations in one indicator and ignores chan-
ges in other target indicators;

2) statistical / methodological approach-the determination of the energy efficiency of the econo-
my is based on estimates of the energy components of the world reviews and indices (Environ-
mental Performance Index (Global Environment Institute, 2019), Global Sustainable competi-
tiveness Index (Jiahai, 2019), SDGs Index energy efficiency index ODEX, etc.) within a certain
interval. As part of this approach, most indices assess the energy determinant based on the
technical stability and stability of the country’s energy system;

3) integral-additive approach - the determination of the energy efficiency of the national eco-
nomy is based on an additive assessment model that integrally combines social, economic,
energy and environmental normalized parameters of the functioning of the country’s energy
system.

According to the recommendations of the World Energy Council, for example, the Energy Tri-
lemma Index considers three aspects of the development of the energy sector of the economy:
energy security, access to energy and environmental sustainability.

5.2. Integrated investment tool for energy efficiency of the economy

Scientists in their scientific research (Tian, 2018) calculate the projected impact of sectoral
economic development on the energy efficiency and CO, emissions of road freight transport, so
this publication presents a new method for analyzing the relationships between economic activi-
ty, transport demand, energy efficiency and carbon dioxide emissions with a high level of detail in
various sectors of the Finnish economy.

In the study (Subhojit, 2019), taking into account the growth of the regional economy, the
authors ask an urgent question about ways to improve energy efficiency. Scientists use the sto-
chastic frontier model to estimate the function of the energy demand and to analyze the impact
of determinants on energy efficiency.

The analysis is based on economic data from the regions of Japan. The authors have drawn the
following conclusions in the course of the study:

- energy efficiency indicator (4) is effective, since its assessment is strongly correlated with the
energy intensity rating;

* increasing population density effectively contributes to improving energy efficiency;

+ the development of highways and infrastructures contributes to improving energy efficiency
in Japan.

These results show that decentralization is one of the directions for improving the energy effi-
ciency of the national economy.
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EE F(GRP ,PP,AN_,CDD_, HDD._, ISH_, SSH , EF ), (4)
Jt Jt Jt Jt Jt e

Jt

where:

j - represents the jth region;

t - represents the time interval, respectively;

GRP, - real gross regional product;

RP - the real price of energy;
, - population;

AN - residential and non - residential area;

CDD and HDD are the number of days without heating and the number of days with heating,
respectively (climatic factors);

ISH and SSH represent the share of the industrial sector and the share of the commercial sector in
gross regional product, respectively;

EF is the level of unused energy.

lnEE =ato, lnGRP+a RP+a, PP+aANAN+a CDD+a HDD+a ISH+a SSH+/)’ 5)

where:
o is the calculated parameter;
B, * jt is the error coefficient.

The growth of the economy’s integral energy efficiency index is possible if a stable ba-
lance is achieved between its convergent and divergent determinants. Calculations have con-
firmed that the implementation of state policies to ensure the energy efficiency of the eco-
nomy should primarily focus on increasing divergent determinants of the energy efficiency of
the economy.

Economic, social, environmental and political fluctuations, including negative effects on the ef-
ficiency of the functioning of the energy sector of the national economy. This in turn updates the
appropriateness of assessing the impact of institutional determinants to ensure energy efficiency.

As the results of the scenario forecast confirmed that the growth of the Integral Energy Efficien-
cy Index is possible by balancing the convergent and divergent components. This is only possible
by increasing the energy efficiency sub-index of the economy.

To date, there is not a single generalized tool for improving the energy efficiency of the national
economy that would approach each state and its development model in general.

Many scientific papers are devoted to investigating the influence of institutional, innovative and
investment determinants on the energy efficiency of the national economy.

Taking into account the identified trend, the search for determinants of growth of the diverging
sub-index of energy efficiency of the national economy becomes relevant, which in various com-
binations can significantly increase its current level and accelerate the speed of synchronization
with the European average.

It should be noted that scientists will traditionally identify such main indicators and factors that
affect the level of energy efficiency - the structure of GDP, the energy intensity of GDP, the prima-
ry and final energy consumption, the energy saving of buildings, the share of renewable energy
sources in the country’s energy balance and so on. It should be noted that the transition to a car-
bon-neutral economy depends primarily on the efficiency of the energy sector, which is of strate-
gic importance for the country (Khan, 2018).

The results of the study showed that the efficiency of the functioning of the energy sector of
the national economy, and thus the possibility of improving its energy efficiency, depends directly
on the effectiveness of the state administration in ensuring economic and political stability in the
country, improving the investment climate and the dissemination of innovative energy-efficient
technologies. It should be noted that government measures to improve the energy efficiency of
the national economy should be formed taking into account the following aspects:

- Development of an effective program to subsidize all of the population, which focuses on the
energy-saving use of housing and municipal services-this will increase the interest of the popu-
lation to use their energy resources sparingly.

+ Popularization and support of households of associations in condominiums, for further control,
thermal modification and possibility of energy saving of their buildings.
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+ Government incentives through green investments by companies that introduce renewable
energy sources, energy savings and innovative technologies into production, thereby reducing
the energy intensity of the country’s GDP and strengthening its competitive position in the in-
ternational market.

- Replace traditional energy sources (fossil fuels, gas) with renewables (solar, wind, hydro and
bioenergy) and this process will allow us to become an energy independent state in the future.

- Government support for companies that process secondary raw materials and introduce closed
production cycles.

+ Mass introduction of municipal electric cars in the passenger transport sector and transition to
ecological cargo turnover (river, air, sea).

The analysis of the experiences of the countries of the European Union has shown that effec-
tive government control contributes to improving the energy efficiency of the national economy.

The use of correlation and regression analysis tools for Russia for the period 2000-2020
enabled us to empirically demonstrate the statistically significant impact of such indicators on
the diverging sub-index of the national economy’s energy efficiency: the rule of law, the go-
vernment’s ability to openly implement policies and regulatory measures, and corruption con-
trol (Table 1).

A logical continuation of the study is to determine the impact of green investments and innova-
tions in the energy sector on the diverging sub-index of the national economy’s energy efficiency,
taking into account the efficiency level of public administration. To this end, a two-stage approach
has been developed:

1) in the first phase, a first data array is formed (sources: analytical databases of the World Bank,
Eurostat and Bloomberg), which consists of statistical analysis tools that we have checked for
multicollinearity (Pearson correlation coefficient) and normality of distribution (graphical quan-
tile method for comparing two probability distributions);

2) in the second phase, a quantile regression OLS model is created that allows us to consider the
heterogeneity of the factors studied.

Table 1:
Results of the study of the impact of Public Administration efficiency in Russia on the divergent
subindex of energy efficiency of the national economy based on data for 2000-2020

Indicator Coefficient SE t-stat | P value R2 Corel | Communication Adequacy Direction
power of the model of impact
RUL Z,? -11..888364 8;;; -;75063? gggg 0.48 0.72 Noticeable Adequate Positive
GEF ‘;? -é), '394131 8:233 ;10%7 g:ggg 0.34 0.60 Noticeable Adequate Positive
VA l;? _8071450 ggig _318226512 gggg 0.16 0.42 Moderate Inadequate Positive
PS l;? :8;:2 8813 -—411..106274 828(5) 0.14 -0.40 Moderate Inadequate Negative
REQ ‘;7 'g f;; g:?g; _;.775;6 8:8(1)(1’ 0.65 0.84 High Adequate Positive
cc ‘;? -;:;)81 (())cl)iz -176871669 gggg 0.93 1.00 Very high Adequate Positive

Note: R2 - coefficient of determination; Corel - correlation coefficient; P-value - statistical significance of the
coefficient; SE - standard error of regression; /-stat - statistics.

Source: Calculated by the authors

6. Conclusion

The growth of the economy’s integral energy efficiency index is possible if a stable balance is
achieved between its convergent and divergent determinants. Calculations have confirmed that
the implementation of state policies to ensure the energy efficiency of the economy should pri-
marily focus on increasing divergent determinants of the energy efficiency of the economy. To
target the diverging sub-index of the national economy’s energy efficiency, the paper performs a
scenario forecast of the vector of its change based on the Brown model, which takes into account
the retrospective nature of the distribution of its time series and eliminates fluctuations in random
variables.
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The forecast results showed that there is a significant discrepancy between the optimistic
and realistic scenarios of the dynamics of changes in the economy’s diverging sub-index of
energy efficiency. According to the optimistic scenario, the balancing of the convergent and di-
vergent sub-indices will take more than 10 years (in 2020, the value of the convergent sub-index
of energy efficiency of the national economy was 0.84 and the projected value of the divergent
sub-index in 2030 was 0.71).
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