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The article analyzes the compliance of the current energy structure of China with the existing
requirements of the socio-economic system and the principles of sustainable economy. The
problems of the Chinese energy sector, which are increasingly dependent on imported fuels, have
been identified. This fact predetermines the need to optimize China’s energy balance and energy
transform to meet the demand of modern society and the rapid growth of economic demands. It is
substantiated that China needs to focus on energy efficiency, energy saving, renewable energy
sources and transition to the main source of energy, i.e., natural gas, during formation of China’s
energy balance. Simulation for prediction of prospective energy balances is proposed; using it should
allow to form the Chinese industrial structure of the electricity sector of industry in accordance with
its production process, production volumes and resource consumption.
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oNTNMMM3ANINA SHEPTETUYECKOI'O BATAHCA KUTAA:
ITPOBJIEMBI U ITEPCITEKTHUBbI

®s3up Ban, O.B. HoBukoBa

Cankr-IleTepOyprekuii moamtexundeckuii yausepcuret [letpa Benmkoro,
Cankr-ITetepoOypr, Poccus

AHaIM3UpyeTCsl COOTBETCTBHE COBPEMEHHOM 3HEpreTMYecKoi CTpyKTypbl KuTast ciouBIIMMCS
TpeOOBaHMS COLMATbHO-OKOHOMUYECKOM CUCTEMBbI U TIPUHLIMIIAaM YCTOMYMBOM SKOHOMUKMU. BhIsiBie-
HBI TIPO0JIEMbI KUTAHCKOM 3HEePreTUUecKoit cepbl, KOTopast Bce OOJIbIIE 3aBUCUT OT UMITOPTHOT'O TOI-
JIVBa, YTO MpeAoIpeaesieT HEOOXOMMMOCTb ONITUMU3allMK SHEpreThyeckoro 6atanca Kutast u npeoo-
pPa30BaHMS SHEPIUM LISl YIOBJIETBOPEHUSI CIIpOCa COBPEMEHHOIO O0ILECTBA U OBICTPOro pocTa Tpebo-
BaHMI1 CO CTOPOHBI SKOHOMMYECKMX 3a1ay. DHEpreTMYecKass COCTABJSIIONIAs pacCMaTpUBaeTCs Kak
BAOXHBIA MHAMKATOP OLIEHKW HALUMOHAIbHON SKOHOMMWKM, a TOIUIMBHO-3HEPreTMUYECKUM pecypcam
yaessieTcsl KJIIoYeBOe MECTO B CTpaTerMyecKuX MporpaMMax M BO BHEIIIHESKOHOMUYECKOMH MOJUTHUKE
CTpaHbl. DJIEKTPOIHEPreTrKa, KOTopasi 00eCIeurBaeT NesITeIbHOCTh MPEANPUSITHIL, pa3IMYHbIX OTpac-
Jieit, (yHKIIMOHUPYIOIIUX Ha TEPPUTOPUH CTPaHbI, 0€30MaCHOCTb TOCYIapCTBa M MaTepUalibHbIC YCI0-
BMSI XKU3HU HaCeJICHUsI, SIBJIsIETCsT 0a30BOIi CTpaTernyeckoil cucteMoil. BiusiHre cocTosiHUSI 21eKTpO-
9HEPreTUYEeCKOro KOMILIEKCa Ha SKOHOMUKY TPYOHO TEepPEOLIEHUTh, YUUTHIBAsI OOJIbIIYI0 HEProeM-
KOCTb BaJIOBOTO BHYTPEHHETO TPOAYKTa U POCT CITPOca Ha SHEPTOHOCUTENU, YTO BHIBOIUT MPOOIEMbI
3¢ dEeKTUBHOTO (HYHKIIMOHUPOBAHUS SHEPTETUUECKUX TIPSANIPUSITUIL PETUOHOB B PsI BaKHEHIIINX.
O60CHOBAHO, YTO TIpH (DOPMUPOBAHUM 3HeprodanaHca Knrtass HeoOX0IMMO cOCpenOTOYNTRCS Ha SHEP-
ro3(hEeKTUBHOCTH, SHEProcOepeKeHNN, BO30OHOBIISIEMBIX MICTOYHUKAX SHEPTHH U TIepeXoae K OCHOB-
HOMY UCTOUYHHUKY SHEpTUU — MpUpOoIHOoMY ra3y. CoBpeMeHHas1 SHepreTrKa, sIBIISIICh OCHOBOIIOIArako-
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1IEl OTPacyblo B 3KOHOMUYECKHX CUCTEMaX, OKa3bIBaeT CEPhE3HOE BO3JCIICTBME HA Pa3BUTHE CTPaH U
MX HAlUMOHAJBHYIO 3HEprode3ornacHocTb. [ BbISIBJIEHUSI OCHOBHBIX TEHACHIMI W TIOAXOIOB ISt
ONpe/ieieHNs] BIIUSIHUSI SHEPreTMyeckoro ¢akropa Ha MakKpOIKOHOMUYECKME IOKa3aTesu CTpaH
HauboJjiee BAXXHBIM MPEICTABISIETCS U3YyYEHNE CIIOKUBILIETOCS MOJOXEHUS B SHEPrOO0eCTIeYeHHOCTH
HMX U MMPOBOT'O COOOIIIECTBA B 1I€JIOM, HallpaBjieHHOe Ha (hopMUpOBaHUE U Pa3pabOTKy OOHOBJICHHBIX
CII0COOOB, MMPUOPUTETOB, MOAXOAOB 1 CXEM YMPaBJIEHUsT TEPPUTOPUATBHOTO Pa3BUTUSI HALIMOHATBLHOM
9KOHOMHUKH C YYETOM 3HEpreTMyeckoil coctapistolleit. [Tpoucxonsiinye Ha MUPOBOM M HalIMOHAIb-
HOM YpOBHE MpeoOpa3oBaHUs B 3TOM HaMpaBIeHUH BIMSIOT M Ha OPraHU3allMOHHO-CTPYKTYPHYIO MO-
JIEPHU3ALIMIO TPOU3BOACTBA B TOIUIMBHO-3HEPTETUYECKUX KOMIIAHUSX, Ha MEXaHU3Mbl YIPaBJICHUS
VMM ¥ Ha TIepCTIeKTUBBI pa3BuTus. [IpemioxkeHa UMUTALIMOHHAS MOJIEb IJIs1 IPOTHO3MPOBAHMS TIep-
CIEKTUMBHBIX DHEpPreTMYecKrx OaJaHCOB, MCITOJIb30BaHME KOTOPOIl MO3BOJIUT c(hOPMUPOBATH KUTAii-
CKYIO MPOMBIIIJICHHYIO CTPYKTYPY 3JIEKTPOSHEPTETUUECKOI OTpacu B COOTBETCTBUU C €€ TTPOM3BOI-

CTBEHHBIM IIPOLIECCOM, 00BEMAMU IIPOM3BOICTBA U ITOTPEGIEHUS PECYPCOB.

Kirouesbie cjioBa: pasBUTHE 3JIEKTPOSHEPTETUKM, KOOPIMHALIMS B3aMMOIECTBUS, 3¢ deK-
TUBHOCTb paclpeieeHus, SHeprodasaHc, SHepreTuIeckast CTpyKTypa

Ccpuika npu nurupoBannu: Ban @., Hosukosa O.B. OnituMusanus sHepreTiaeckoro d6amaHca
Kwuras: npo6iemsl u niepcniekTuBhl // HayuHno-texanueckue Bemomoctn CII6ITIY. DxoHoMmue-
ckue Hayku. 2019. T. 12, Ne 2. C. 63—70. DOI: 10.18721/JE.12206

Introduction China consists of more than 30
provinces and special regions, and some of them are
large not only in terms of area and population, but
also in terms of production. It is very important to
understand the differences between these regions in
order to fully analyze the energy
infrastructure of China and optimize its future needs

current

and necessary investments [13].

Currently, the task of developing country's energy
balance with maximum detail is top priority in the fuel
and energy complex. Based on the energy balance of the
country, it is possible to develop or adjust the energy
strategy in the field, and most importantly, gain an
understanding how to construct an optimal system for
forming tariffs [15]. It is necessary to understand exactly
how much primary (oil, gas, fuel oil, coal, nuclear fuel)
and secondary (heat, electricity, gas) energy resources a
country has. Development of energy balance means a
system of quantitative indicators of mining
(production), conversion and final consumption in its
territory for a certain period of time. The formed general
energy balance serves as an information base of initial
data for calculations of various derived indicators for
determining the efficiency of using fuel and energy
resources and a tool for controlling its flows at all levels
from mining (production) to conversion processes and
final consumption.

The absence of regional energy balances not only
complicates, but practically eliminates clear tracking
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of fuel and energy flows along the whole chain of
their passage, from mining (production) to final
consumption, determining energy efficiency
indicators, developing forecast balances to solve
strategic directions for development of the fuel and
energy complex, making the right decisions when
concluding long-term contracts for import, transit
and re-export, conducting continuous monitoring of
the domestic market’s energy resources, etc. [17].
These factors make the task of identifying the
problems, opportunities and prospects for optimizing
the energy balance of China all the more urgent.

Research methodology. The methodology of
forming a general energy balance as a whole or
individual balances by type of energy, territorial
dependence, or by type of economic activity should
be based on international recommendations of energy
statistics, taking into account the specifics of the state
and regional system of statistical accounting and
respondent reporting, regardless of their affiliation.
In addition, the energy balance is forecasting,
comparing and balancing of supply and demand for
all types of primary and secondary energy resources
in physical and monetary terms necessary to ensure
the life and development of the country.

According to methodological provisions [6, 7, 10,
20], the total energy balance includes the types of fuel
and energy extracted or produced from natural
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sources, or from conversion; those imported or
removed by export; as well as difference in balances at
the beginning and end of the current year. Volumes of
fuel are provided in natural and arbitrary units
calculated in caloric coefficients of coal equivalent.
Electricity and heat energy produced by thermal power
plants, boiler houses or other equipment that use fossil
fuels were recalculated to fuel equivalent according to
actual specific fuel consumption for their supply.
Nuclear energy, hydro energy, energy of non-
traditional sources were recalculated using averaged
indicators of actual specific fuel consumption for
electricity supply by power plants using organic fuel.

Nowadays in China, development of balances or
the main types of energy
fragmentarily, not systematically and late, that is, the
country does not have a clear answer to the question of
what coal production volumes are needed. There are
periods when coal companies'
overcrowded, and there are periods when thermal
power plants operate «on wheels». So if a real balance
that takes into account absolutely all aspects of
supporting one or another generation is not developed
in the regions of China, this can lead to large-scale
disruptions in power systems. We can agree that the
energy balance is the main and extremely difficult task,
whose solution is connected with developing scenario
forecasts of energy balance of the country and regions,
which should allow to introduce a mechanism of
financial risks [12, 19]. In scenario forecasts and
balances, it is wrong to replace, for example, one
energy source by another, it is necessary to follow the
path of introducing technologies with high conversion
rates, and rejecting the old industry approaches.

A very promising tool to solve these tasks is
formation of an optimal energy balance at the state level,
taking into account geographical features, administrative
division, economic and  socio-demographic
characteristics [2]. The combined energy balance of the
country is developed as a set of interrelated scenario
forecasts of the processes of formation and distribution of
energy resources by economic sectors in accordance with
the scale and trends of the country's socio-economic
development for the relevant period.

Analysis of methodological approaches to
determining the future demand for fuel and energy

resources occurs

warehouses are

resources (FER) shows that it is traditional to use
optimization models for forecasting the development
of the energy system. The same class of models were
created in the Soviet Union for planning the
development of the energy industry at different
hierarchical levels. For the energy system of China,
where the energy supply of the country's economy is
perhaps the most acute issue of national policy, for a
number of objective reasons, virtually no studies of
this type have been conducted [3]. In conditions of
deregulation in the energy sector, modeling the
evolution of the fuel and energy complex (FEC) and
its sectoral subsystems becomes much more
complicated, especially for countries whose
economies are in a state of transition to market
regulation. In addition, violation of dynamic data
series caused by repeated changes in methodological
principles of collecting and processing economic and
energy statistics makes entire classes of energy models
almost impossible to use. Under such conditions, it is
now highly advisable to develop a simulation energy-
economic model for China.

The basis of this technique is the inter-branch
balance matrix, which includes additional features. In
order to eliminate possible disagreements between
the indicators during the final operations of the
balance division, the mathematical algorithms for its
maintenance have been developed:

Pec + Pos = Pces + Prc + P+ Pyp + Psrp, (1)

where P is the level of energy resources supplied
under the «Gross consumption» section; Pcs is the
level of energy resources converted with respect to the
«Conversion sector» section; Pces is the level of
energy resources consumed by enterprises of the
conversion sector under the «Consumption by energy
sector» section; Prc is the level of energy resources
consumed under the «Final consumption» section; P
is the level of energy resources lost under the «Losses
during transportation and distribution» section; Pyp, is
the level of fuel consumed as a raw material for non-
energy purposes under the «Consumption for non-
energy purposes» section; Psrp is the energy levels
under the «Statistical deviation» section.

The algorithms for determining the energy
resource levels under the «Gross consumption»
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section (Pgc) are written in the following form
(expressions (2) and (3)):

PG.C. :Pvid.+Pimp.+Pexp4 +PC.R4; (2)

n . n X n . n X
PG.C. = z(zpvltd + ZB;np _zpelxp. + ZPCI‘R)’ (3)
j=1 i=l i=1 i=1 i=1
where P,y is the level of energy resources mined or
produced by the country; Py, is the level of imported
energy resources; Pe, is the level of exported energy
resources; Pcr is the level of change in the energy
resource reserve for the end of the current year; /i and
j are the indices of energy resource type and section
number, respectively.

Results. The resource base of the energy balance
is determined by the existing reserve of fuel and
energy resources (FER), the level of their geological
exploration, the readiness of the existing production
potential for extraction (processing) of these
resources. The results of the simulation are [3]:

e FER consumption volume determined for the
economy of the country and for its main sectors;

e Influence of individual state regulatory
mechanisms on the level of energy consumption
determined;

e Most rational structure of FER import and
export determined;

¢ FER consumption optimized by the criteria of
energy and environmental efficiency of the economy
due to improvement of technological structure of
production, processing and consumption of energy
resources. The decisive factor for ensuring the
implementation of a certain structure of the energy
system is investment in creation of new production
facilities and reconstruction of the existing energy
facilities based on innovative models of reproduction of
energy potential and introduction of new technologies
both in production and in energy consumption.

The basic task of energy balance modeling is to
assess the future demand for FER on the basis of initial
information to determine the potential possibilities and
sources for meeting this need. According to the expected
volumes of energy consumption, the demand for key
material and financial resources is projected. Forecasting
the rate of socio-economic development and structural
economic change is the basis for such assessment. For
this purpose, it is necessary to identify the quantitative
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interrelations between energy and economics, which
may have a different nature depending on the changes in
public life, political and economic environment,
scientific and technical base, management methods,
world market conditions, environmental conditions [20].

We can agree with researchers who believe that
the interdependence between economic development
rate, changes in its structure and energy consumption
is determined by a complex set of factors [9, 14, 16,
18]. Even for industrialized countries, there is no
steady correlation between the rate of economic
development and changes in energy consumption,
and the quantitative impact of economic growth rates
on the size and nature of energy consumption is
difficult to identify. Among the factors, a special role
is played by the structure of the country's energy
capacity, consumer properties of individual energy
resources and their interchangeability, the dynamics
of energy prices, including in world markets, the
nature of the mutual influence between prices and
volumes of international energy exchange taking into
account technological, economic and other factors.

The calculation of the future demand for energy is
carried out using a modified production function, which
takes into account the price and income elasticity of
energy consumption and the coefficient of autonomous
technical progress. The linear relationship between the
volumes of final fuel consumption and, for example, the
emissions of harmful substances (externalities) can be
determined by the relevant conversion factors: the
coefficients of environmental characteristics and other
factors used for predictive calculations.

To analyze the effectiveness of predictive energy
balances in accordance with the scenarios of economic
development, a system of indicators should be
developed, allowing to assess the coverage of energy
consumption in the country. Conceptually, such
assessment is developed on the basis that the fuel and
energy complex should ensure the planned rates of
socio-economic development of the country and comply
with the set of key requirements for the environmental
load, ensure energy and economic security, take into
account the real financial and material support to
adequately increase the production potential of the fuel
and energy sectors. In particular, the main indicators for
optimizing the energy structure, in addition to the energy
and electricity intensity of the economy, are:

e Level of self-sufficiency by energy resources;
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e Share of the dominant resource in the structure
and sources of supply of primary FER;

e Share of final energy consumption in total
energy supply;

e Indicators of physical deterioration and
renewal of fixed assets of the industry’s enterprises.

Analysis of statistical data on the sources of
electricity production in China shows that the main
share is for coal, which is the least environmentally
friendly energy resource (Fig. 1).

Consumption of large amounts of coal led to a
number of environmental problems: 85 % of sulfur,
35 % of suspended particles and 75 % of CO, in the
atmosphere come from fossil fuel combustion. That is,
the current structure of energy consumption determines
the need to transition to renewable energy resources
(RES), such as wind, sun and biomass, which are

environmentally friendly. Renewable energy sources
have become an important choice for China [4].

Considering production and consumption, the
north-eastern, north-western and southern regions
have significant excess generating capacity, and this
situation of excess capacity will continue over the next
decade  without interference from regulatory
authorities. Northern and central regions may have
sufficient production capacity, but additional resources
may be required in a scenario with higher growth rates.
The eastern region requires new resources. Large
differences in reserve capacity between the provinces
indicate the need for greater coordination between
them for ensuring sufficient generation throughout
China [3]. Fig. 2 shows the electricity consumption
distribution by regions, uniting nearby provinces
whose energy structure is combined.

Oil/gas 5.63%  Other sources 2.22%

Wind power 5.19%

Solar power 2.96%

Coal 64.44%

Fig. 1. Installed power capacity by source, 2015 (compiled from [1, 2])

North-western
part 9%
North-eastern
part 7%

Fig. 2. Shares of regions of China's energy system in total electricity consumption, actual data
for 2014, %! (compiled from [1, 7, 11])

! Key China energy statistics. China Energy Group — 2016. URL: https://china.lbl.gov/sites/default/files/misc/ced-9-2017-
final.pdf; National Bureau of Statistics of the People's Republic of China, different years. URL: http://www.stats.gov.cn/english/
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As seen from the figure, a large share of
consumption falls on the northern and eastern
provinces, while energy generation does not
correspond to the consumption structure: most of the
energy is generated in the northern part (20.8 %), the
central part (20.2), and the eastern part (19.7 %), but
ultimately, the volume of generated energy is
insufficient for consumption (Fig. 1).

Despite this imbalance between supply and
demand, research results show that China does not
need new thermal power plants, or at least new coal

units with a base load. This conclusion underlines the
critical importance of improving the investment
planning processes in China in order to avoid
deterioration of the current problem of overcapacity
(which is present in large amount in the country) and
to achieve multiple policy goals of creating a reliable,
environmentally friendly and cost-effective power
system.

Based on the data from Tab. 1, we propose the
main goals and objectives for optimizing China’s
energy balance.

. Balanced and sustainable development of RES
. Optimization and modernization of energy
infrastructure

. Construction of interconnections in power industry
. Providing balanced local capacity in production, reservation and

Table 1
Actual data on generation and consumption of electricity
Region Generation (GW) Consumption (GW) Level of correspondence, %
Central part 277.1 1091 25.4
Eastern part 269.8 1381 19.5
Northern part 285.3 1311 21.8
North-eastern part 122.6 397 30.9
North-western part 167.8 520 32.3
Southern part 246.4 932 26.4
Compiled using data from [1, 7, 11]
Table 2
Goals and objectives for optimizing energy balance in China
Goals Objectives
. Integrating energy system of provinces|l. Synchronization of China’s energy system with production processes of
throughout the country national economy
. Improving energy efficiency of energy|2. Improving energy efficiency of energy consumption
consumption 3. Development of RES, focusing on increased use of hydro resources,

solar energy, biomass and wind energy, use of renewable energy sources
for production of centralized heat supply and domestic heating

balancing; cost-benefit analysis

. Electricity prices in industrial sector should be
the same for all provinces, and for citizens it is
necessary to reduce the share of energy costs
compared to average income

. Smooth transition from fossil energy sources
to renewable energy sources

2.

. Improving energy efficiency of energy consumption (energy intensity

. Use of alternative fuels in transport sector and its electrification.
. Creating necessary conditions for development of environmentally

should not exceed the average in the world)

Development of RES, focusing on development of solar energy and
wind energy, as well as further use of renewable energy sources for
production of centralized heat supply.

friendly energy production methods. Development of small and flexible
local power-generating plants

. 80 % of the country's energy requirements come
from sources without pollution (zero emissions
of greenhouse gases and other air pollutants)

. 100 % of local electricity production in gross
electricity consumption in the country

2.

. Completing necessary steps for development of environmentally

friendly energy production methods
Development of efficient and environmentally friendly technologies for
production, supply, storage/accumulation and consumption of energy

Compiled using data from [4, 9, 10].
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Conclusions. Summarizing the above, it can be
concluded that using energy models in the process
of planning the development of the energy sector
has become a common international practice.
Analysis of applied model developments shows that
creating a simulation model for predicting energy
resources is a standard methodological approach for
energy balance modeling. The methodology

proposed in this article, based on an intersectoral
balance matrix, can become a basis for studying
the provincial relations between demand and supply
in the power industry. In addition, the obtained
results can be used to assess the level of
development of electric power industry and
effectively describe their dynamically changing
coordination relations.
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