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ABSTRACT

Purpose is the analysis of world practice of applying the best available techniques to increase energy saving and
energy efficiency of mining enterprises being the important factor of the economic development.

Methods. The research methodology is based on the scientific approaches: historical-evolutionary, interdisciplinary,
integration, process, and situational. Methods of retrospective, categorical, and system analysis as well as modeling
have been applied. The analysis was performed on the basis of both initial information sources (original texts of
legislative documents, strategies) and material of the international analytical organizations (International Energy
Agency, World Bank) as well as the data of official statistical records.

Findings. For the first time, different variants of the best available techniques in Japan, the USA, and the EU have
been analyzed as well as the role of a state in applying institutional measures of energy efficiency support, including
mining complex, and prospects of its use in the Russian Federation. It has been determined that energy efficiency is
the effective and economically feasible tool in reaching sustainable development of the national economy. It has been
demonstrated that energy saving and increased energy efficiency may reduce the needs in investment, raise industrial
competitiveness and consumer welfare as well as improve environmental protection owing to the reduced greenhouse
gas emissions and decreased air pollution. Energy efficiency growth has direct effect upon the industrial competi-
tiveness; it can be achieved by means of innovations.

Originality. Emphasis has been put on the key scientific and technical aspects and approaches stimulating increased
energy efficiency in the developed countries under the effect of strong, coordinated, and consistent national policy in
different sectors of economy.

Practical implications. The carried-out analysis is useful in terms of the innovative and technological development
of different industries of the Russian Federation in the context of its complicated cooperation with European coun-
tries and the USA, dependence on foreign technologies, and limited access to them.
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1. INTRODUCTION

Environmental compatibility and energy efficiency
define the development of the growing number of eco-
nomic sectors including mining industries. Increasing
energy efficiency provides considerable energy saving in
many countries worldwide (Bridge, 2004; Vagonova &
Volosheniuk, 2012).

International Energy Agency (IEA), autonomous in-
ternational body in the frameworks of the Organization
for Economic Co-operation and Development (OECD) is
in close operation with different international organiza-
tions and governments of many countries (Elam, Padro,
Sandrock, Lindblad, & Hagen, 2003; International Ener-
gy Agency, 2019). In 2010, in the frameworks of cooper-

ation with the big Eight countries, a program was deve-
loped covering 25 measures in the sphere of energy sup-
ply and increase in energy efficiency parameters as well
as strategies and action plans, appropriate regulation,
attraction of private investments to increase energy effi-
ciency, monitoring, implementation of the measures,
energy efficiency classes for buildings and minimum
requirements for them, striving for zero energy consump-
tion in the buildings, energy labeling and certification,
stage-by-stage refusal from the inefficient lighting devic-
es and systems, compulsory standards for the motor fuel
efficiency, fuel-saving components for cars, increase in
fuel efficiency at the expense of eco-driving, energy
management in the production, energy-saving services,
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and other measures; it is of special importance for mining
regions (Khod vypolneniya politiki..., 2010).

In 2016, problems concerning energy efficiency and
energy saving, were discussed within the frameworks of
the G20. It was stated (Kommyunike liderov..., 2016),
that those problems are the long-term priority of the
organization. Countries-members of G20 agreed on the
fact that cooperation in the field of energy efficiency may
stimulate economic activity and effectiveness, strengthen
energy safety, and improve environmental conditions.
Being consumers of more than 80% of the global energy,
those countries may play an important part in the im-
provement of energy efficiency situation.

Earlier in 2014, within the frameworks of that organi-
zation, the Energy Efficiency Leading Programme of the
G20 (EELP) was adopted to provide the basis for com-
prehensive, flexible, and voluntary cooperation in the
sphere of energy efficiency (Plan deystviy..., 2014).
Members of the G20 assumed obligations to improve
considerably energy efficiency of the energy utilization
by activating cooperation in the sphere of energy effi-
ciency and encouraging the development and implemen-
tation of various national programmes, policies, and
measures reflecting social and economic diversity of the
G20 countries. The EELP plan covers transportation
vehicles (especially, heavy-duty trucks), household ap-
pliances and equipment, financing, buildings, industrial
processes (energy management in the production), and
electric power industry. The EELP also includes five new
key areas of cooperation: Super-Efficient Equipment and
Appliances Deployment initiative (SEAD), best available
techniques (BAT), district energy systems (DES), and
exchange with information, data, and indices (Ob
okhrane okruzhayushchey sredy, 2017).

Currently, the Russian Federation is facing the problem
of providing integrated approach to the BAT implementa-
tion in different spheres and improvement of the state
regulation system in the particular selected sphere. Transi-
tion to the principles of the best available techniques has
made it possible to reduce the level of anthropogenic effect
upon the environment, to improve energy efficiency and
resource saving for the production of various industries.

Main objective of the paper is to analyze the best
available techniques in the sphere of energy efficiency in
terms of the countries, being the international leaders in
energy saving, and consider possibilities of applying
foreign practices in the RF.

Best Available Technique (BAT) is the technology to
manufacture products (goods), to perform operations, to
provide services determined on the basis of current
achievements of science and technology and the best com-
bination of the criteria of achieving the environmental
protection goals in terms of the available technical possi-
bility of its application (O poryadke opredeleniya..., 2014).

According to the Resolution of the Government of the
Russian Federation of 23.12.2015 #1458 “On the method
to determine a technology as the best available one as
well as the development, actualization, publication of
engineering information reference books concerning the
best available techniques”, “while defining technological
processes, equipment, technical means, methods as the
best available techniques, they should be considered in
terms of their meeting the following criteria:
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a) the lowest level of negative impact on the environ-
ment per unit of time or volume of produced products
(goods), completed work, provided services or compliance
with other indices of environmental impact envisaged by
the international agreement of the Russian Federation;

b) economic efficiency of the implementation and
operation;

¢) application of resource- and energy-saving methods;

d) period of implementation;

e) industrial implementation of technological process-
es, equipment, technical means, methods in terms of two
or more objects of the Russian Federation having negative
environmental impact (O poryadke opredeleniya..., 2014).

Currently, in terms of a complicated interaction of the
Russian Federation with foreign countries, dependences
on technologies, and possible limited access to the most
important foreign technologies, problem of innovative
and technological development of different industries is
of special importance.

Efficient energy use should combine solutions of dif-
ferent problems such as problems of energy safety, limi-
tation of greenhouse gas emission, and solution of envi-
ronmental problems (e.g. air pollution).

In support of the aforementioned, Order of the Gov-
ernment of the Russian Federation of 19.03.2014 #398-p
has approved the Complex of Measures aimed at refusal
from the use of outdated and inefficient technologies,
transition to the BAT principles, and implementation of
the up-to-date technologies. Russia is only at the begin-
ning of its way of using and implementing the best tech-
nologies; that is why, while being at that stage, it is rather
important to study the available practices of other coun-
tries to select the most efficient and appropriate solutions.

Mining industry is one of the largest energy consumers
(Mikaeil, Sohrabian, & Ataei, 2018; Antoljak, Kuhinek,
Korman, & Kujundzi¢, 2018); its share of greenhouse gas
emission is rather significant (Kovalenko, 2019). In its
turn, processes of concentration at mining enterprises
require considerable energy consumption; the energy
may be either generated on site or supplied from the
power networks (Beshta, 2012; Jain, Cui, & Domen,
2016). Mining enterprises are the largest consumers of
fuel for motor vehicles and mechanisms used for ore
crushing and concentrate production. Moreover, accord-
ing to the International Council on Mining and Metals,
about 7 — 8% emissions of greenhouse gases are account-
ed for the mining industry (Bondarenko, Kovalevs’ka, &
Ganushevych, 2014; Cherniaiev, 2017; Dryzhenko,
Moldabayev, Shustov, Adamchuk, & Sarybayev, 2017;
Menshov & Sukhorada, 2017).

Due to that fact, correct statement of scientific-
research and experimental-development activities is
rather important to develop new and improve the availa-
ble technologies of low-carbon energetics, which helps
achieve the required level of mining production emis-
sions within the required period of time (Kalybekov,
Sandibekov, Rysbekov, & Zhakypbek, 2019).

To analyze the application prospects and possibilities
of BAT implementation in Russia, we will study the
international experience in terms of the best available
techniques in the sphere of energy saving and energy
efficiency in mining regions.
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2. METHODS

Methodology of the research is based on the scientific
approaches: historical-evolutionary, inter-disciplinary,
integration, process, and situational. Methodologies of
retrospective, categorical, system analysis, and modeling
have been applied. Analysis was performed on the basis
of both primary information sources (original texts of
legislation documents and strategies) and the materials of
international analytic organizations (the International
Energy Agency, the World Bank). The paper involves
data of the official statistic accounting, analytic and other
information in the sphere of energy saving and improve-
ment of energy efficiency of the Ministry of Energy of
the Russian Federation as well as other federal bodies of
executive power, bodies of executive power of the Rus-
sian Federation subjects, bodies of local government,
organizations dealing with the regulating types of activi-
ties, and organizations working in the sphere of energy
saving and improvement of energy efficiency.

3. BEST AVAILABLE TECHNIQUES
OF THE DEVELOPED COUNTRIES

Japan is one of the world leaders in the sphere of in-
novations development in terms of such factors as scien-
tific-research and experimental-development activities
(SREDA), number of the granted patents, and share of
high-technology exported products. The country has one
of the world highest indices of that share to the GDP of
the investment share into high technology and scientific-
research activity. In this context, Japan understands in-
novations as “a wide range of technological, social, and
institutional changes which helps organize the country’s
activity in different spheres in a completely new way”
(Bancheva, 2013). Japan pays great attention to innova-
tions in the development and implementation of cutting-
edge environmental and energy-saving technologies; that
has resulted in the fact that nowadays the country is the
“incubator” of the newest developments in the sphere of
energy-efficient and low-carbon technologies. In particu-
lar, Japan is active in dealing with the modernization of
transport sector and transition to new fuel types, such as
bioethanol, dimethyl ether, and gas-to-liquid (GTL)
(Japan’s public broadcaster..., 2017).

Moreover, Japan is developing actively the “new
energetics” which includes renewable energy sources
(RES), high-efficiency gas- and coal-burning thermal
power stations, cogeneration, heat pumps, fuel elements
etc. Particularly, more than 10 min of heat pumps were
installed by 2014 all over Japan (Kaneko, Uchida,
Shrestha, Ishihara, & Yoshioka, 2018; Shrestha, Uchida,
Ishihara, Kaneko, & Kuronuma, 2018; Farabi-Asl,
Chapman, Itaoka, & Noorollahi, 2019).

Besides, since recently, problems connected with the
development of technologies in the field of rational ener-
gy consumption in buildings have being assuming their
importance. As for the specific actions in the sphere of
BAT, the Top Runner Programme may be emphasized;
the Programme has a special place in the Japanese ener-
gy-saving policy. The Programme started in 1998. It is
aimed at specific categories of products (used in Japan in
large quantities and assuming considerable amount of
energy) where energy intensity is possible to be reduced.
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Essence of the Program is to introduce compulsory
target normative indicators (standards) in terms of energy
efficiency. The standards are based on the best available
techniques in the market, i.e. on the basis of the most
energy efficient products available within that very prod-
uct category. In this context, the initially specified stand-
ard may become the minimal target indicator in several
years. Thus, within the Top Runner frameworks, level of
the required energy efficiency in terms of specific prod-
uct categories may experience constant increase (Yoshi-
kawa & Watanabe; 2008; New Growth Strategy, 2013;
Ranga, Mroczkowski, & Araiso, 2017).

Energy efficiency performance of the product is indi-
cated in the periodically updated catalogues, with the
help of labeling on the proper devices etc. Companies
producing or importing such products have the average
weighted indicator — Runner Standard — for each catego-
ry of machines and equipment; that indicator should
reach the standard value by the target financial year. That
average weighted value is calculated according to the
following formula: {(number of units shipped inside the
country for each product name) x (energy efficiency of
consumption per unit)} +total amount of the units
shipped inside the country.

Soon after the end of target financial year, manufac-
turers fill up the questionnaires indicating the data on the
number of the shipped units, energy consumption effi-
ciency etc. to prove that they meet the specified stand-
ards. The survey is conducted by the Agency for Natural
Resources and Energy. If energy efficiency indicators do
not have high values, the controllers may consult the
manufacturers to provide them with the necessary re-
commendations (Zindler & Locklin, 2016).

Emphasis should be laid on the distinct difference be-
tween Japan and Russia in the policy of BAT support. In
terms of Japan, advanced technologies and innovations
represent one of the elements in the interrelated, bal-
anced, and long-term action strategy. The situation in
Russia is somehow different, if we take, for instance, the
practice of adoption of the Law on BAT (FL of
21.07.2014 #219-F3 “On introducing changes into the
Federal Law “On environmental protection” and certain
legislative acts of the Russian Federation). In fact, (Zin-
dler & Locklin, 2016) Russian legislation set the transi-
tion to BAT as a key goal of the national ecological re-
form, reducing to it the problems of waste standardiza-
tion and harmful substances disposal. In this context,
BAT is considered to be a kind of overall panacea to
solve the problems concerning environmental control;
moreover, in this term, BAT is believed to start the pro-
cesses of innovative and modernization development. As
a result, we can observe certain imbalance in the goal
setting — transition to BAT has become a goal in itself.

On the contrary, Japan can be an example of the ap-
proach in terms of which the problems, related to the
spheres of energy efficiency or stimulation for the transi-
tion to cutting-edge technologies, are not represented sepa-
rately but considered and solved along with other issues
within the frameworks of the concerted strategic policy
(Pasculescu, Vlasin, Suvar, & Lupu, 2017). Japan Revital-
ization Strategy may be the example here; Japanese gov-
ernment announced the development of that strategy in
June 2013 (Moran, Lodhia, Kunz, & Huisingh, 2014).
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The Strategy concept supposed combination of three
fundamental approaches:

— aggressive monetary and credit policy;

— flexible taxation policy;

—growth strategy aimed at stimulation of personal
sector investment.

Specific implementation of the Revitalization Strate-
gy should cover three action plans:

— Strategy of Global Public Awareness Activity;

— Plan of Japanese Manufacturing Revival;

— Plan of Strategic Market Development.

One of the points of the Plan of Japanese Manufac-
turing Revival was to facilitate scientific and technologi-
cal innovations. In its turn, the Plan of Strategic Market
Development had to stimulate new “growth points” in
terms of four global segments having considerable
growth potential where Japan was admitted to be the one
with the competitive advantages in terms of other coun-
tries. Development of demand and supply for clean and
economically efficient energy was highlighted as one of
such strategic segments for future growth.

Owing to the improvement and large-scale implemen-
tation of heat pumps (HP) in Australia, attention is being
increasingly focused on the use of low-potential solar
heat accumulated in rocks and near-surface soil the
whole year round. Temperature potential of the soil near
the surface is not high being about 10 —20°C. Energy
with such a potential is rational to be used through the
heat-transfer loop of a heat-pump plant (HPP) for indus-
trial and communal heat energy supply (Joseph, Airah, &
Ashrae, 1985; Goldstein, Hill, Budd, & Malavazos,
2007; Obaid, Cipcigan, Muhssin, & Sami, 2017).

Use of low-potential rock heat in coal mines in heat
pump geosystems providing co-generative production of
electric, heat, and mechanical energy has resulted in con-
siderable saving of organic fuel and energy as well. In
terms of energy-saving technologies, natural geosystem
along with HPP and combustible artificial gases of well
underground coal gasification (WUCG), basing upon the
utilization of heat energy of gasification products (temper-
ature of the well discharge gas is 600 — 800°C) and heat
storage tank, are of great interest. That helps use efficient-
ly two energy sources simultaneously to provide an energy
consumer with the required heat (Bondarenko, Tabachenko,
& Wachowicz, 2010; Lozynskyi et al., 2018; Suyarko,
Ishchenko, & Gavrilyuk, 2018; Bomba et al., 2018).

WUCG gas is generated underground by burning
(gasification) of coal seams by means of underground
gasification. WUCG essence is in the drilling wells from
the surface, firing the coal seam, injecting oxidizer (e.g.
air) for coal burning, and getting artificial generator gas
which is supplied to the surface through wells. Further,
the gas is sent to the heat exchanger to utilize the gas
heat and get hot water supplied into the heat storage tank.
Hot heat carrier is supplied to the communal heat supply
system through the heat pump plants (Lozynskyi,
Dychkovskyi, Saik, & Falshtynskyi, 2018).

Australia considers application of HPP to be rather
prospective while using waste water heat and ventilation
emissions of mines. Heat pumps are also possible to be
used while heating the air coming into the mines; in
winter, one can implement the project on using low-
potential heat of the drop inlet intake (i.e. from the arte-
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sian well) or while water pumping from the main shaft
sump. Thus, application of HPP using low-potential
energy of urban waste water for heat supply is the pro-
gressive energy-efficient and environmentally safe tech-
nology to generate heat at mining enterprises. Implemen-
tation of such a technology helps save organic fuel (coal,
natural gas, fuel oil) in boiler houses resulting in zero
emissions of harmful greenhouse gases into the environ-
ment. Consequently, new tendencies in developing tech-
nological schemes of complex use of geosystem (Earth’s
interior) to generate electric energy and heat have made it
possible for Australia to increase efficiency of mining
enterprises and their economic indicators (Falshtynskyi,
Lozynskyi, Saik, Dychkovskyi, & Tabachenko, 2016).

The USA is one of the world leaders in the imple-
mentation of measures to improve and finance energy
efficiency. According to forecasts, by 2020, the USA will
have become one of the most energy-efficient countries-
members of the International Energy Agency. Energy
efficiency in the USA may be analyzed in terms of two
aspects. On the one hand, energy efficiency and use of
the best available techniques mean the implementation of
the advanced developments in the manufacturing indus-
try making it possible to reduce the production impact
upon the environment and use the available resources in
a more efficient way. On the other hand, it is joining the
interests of electric energy producers and consumers so
that the consumers will use the most efficient technolo-
gies. In this case, the task is much more complex than in
the first case (Smith, Capehart, & Rohrer, 2015; Worley,
& Solanki, 2016; Middleton, Gupta, Hyman, & Viswana-
than, 2017; Jirusek & Vlcéek, 2017).

The USA approach to stimulation of BAT implemen-
tation into the production is in the changes of require-
ments for the enterprise activities to be compatible in
terms of the application of the technology admitted as the
best one or alternative to it. General principle of stimula-
tion of BAT implementation in the USA includes four
stages. Stage one is the analysis of the techniques available
in the production and their parameters and prospects of
implementation. Then the indicators, achieved in terms of
the use of optimal technology, become the requirements
applied in the context of certain industry enterprises. Third
element represents the federal system of licensing the
activities of an enterprise controlling the standards com-
pliance. Fourth element is in the possibility for the USA
states and territories to develop their own programmes
and adopt the licensing authority of the federal center.

The state authorities and local governments adopt
Civil Engineering Standards, while fiscal incentives are
given at both federal and state levels. Over the last dec-
ade, energy efficiency in civil engineering has been im-
proved considerably owing to investment and voluntary
building labeling. Industrial sector also applies standards
for equipment and tax incentives. In 2012, the Order by
the President “On stimulating investment into industrial
energy efficiency” highlighted following measures to
increase energy efficiency: stimulation of capital invest-
ment in production to increase competitiveness of the
industrial sector as well as the investment in production
of combined heat-power engineering, reducing costs of
energy, release of the future capital for its investment
into business, reducing air pollution, and job creation.
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In terms of chemical and petrochemical sectors, use
of cutting-edge technologies (such as modern equipment,
best catalyzers, separation) at both current and new
plants may result in considerable energy saving. Howev-
er, construction of new plants is the most efficient way to
implement advanced technologies. Within the period of
1994 — 2007, energy intensity of the chemical sector re-
duced by 39% as a result of implementing advanced tech-
nologies. Energy consumption by petroleum processing
plants, using up-to-date technologies, is by 20 —30% less
than the average values in terms of the whole field.

Energy efficiency resource standards (EERS) propose
the companies under regulation the specific target indica-
tors for reduction of energy consumption per certain
period (the indicators increase annually); if the compa-
nies do not observe those standards, certain penal sanc-
tions are imposed on them (Brennan & Palmer, 2013).

The most advanced energy-saving technological
scheme has been developed in the USA taking into ac-
count the possibilities of several alternative environmen-
tally safe energy sources; following sources are the most
potentially productive ones: energy of WUCG gas and
rock heat in the alternative co-generative geosystem of
energy supply being implemented on the basis of a heat
pump cycle. To do that, a technology of well under-
ground coal seam gasification and heat pump geosystem
of energy supply with well rock heat exchangers located
in the underground mine workings has been applied
(Nguyen & Pham, 2019).

Alternative co-generative geosystem of energy supply
operates as follows. Hot generator gas (600 — 800°C) of
underground gasification goes up to the surface through
the producing well and is supplied to the WUCG gas heat
recovery unit. The heat recovery unit heats the reused
flowing water, which is circulating within the heat network
loop of the heating system. In terms of the mentioned
scheme of the co-generative process, heat is transferred to
the used network water providing its pre-heating only. The
required parameters within the heat network loop may be
achieved in terms of additional use of rock heat. To do
that, clusters of wells, operating as heat exchangers, are
constructed in the mine workings; the clusters are of hon-
ey-comb (diamond) shape. The circulating water of the
heating system is supplied from the consumers to the well
rock heat exchangers. Then it is heated and sent to the
HPP evaporation tank where heat is transferred to the cold
water coming from the water distribution system. Water,
heated in the heat pump, increases the flowing water tem-
perature within the heating system loop. On average, total
heat from the heat recovery unit and heat pump provides
heating of the network water of the heat supply system up
to 80°C. The latter is supplied to the heating system
through the heat pipelines; the heating systems maintain
the temperature in premises at the level of not lower than
18°C. Even in cold winter days, temperature of the rock
mass in a mine does not go lower than 20 — 40°C provid-
ing more efficient operation of the heat pump plant than
during the use of low-potential heat of atmospheric air
(Wieber, 1980; Tabachenko, 2001; Stephens, Branden-
burg, & Burwell, 2017; Haiko, Saik, & Lozynskyi, 2019).

After heat output in the heat recovery unit, WUCG
gas is sent in two flows for its further burning. Major
share of the gas is transferred to a free-piston gas engine
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for electric energy generation. The rest of the gas is used
to heat water in a boiler unit as well as to generate steam
in the heat recovery unit and evaporator. That pair is used
to generate electric energy in a turbine generator and
following heating of the flowing water in a water con-
denser (Tabachenko, 2001).

Researchers recommend one more cutting-edge tech-
nology in the development of transformation energy
which will provide efficient operation of mine boiler-
houses. Current mine boiler-houses may be transformed
into mini-electric power plants on the basis of construc-
tion of co-generative system of electric, thermal, and
mechanical power generation (Pivnyak, Razumny, &
Zaika, 2009; Pivnyak, Samusia, Oksen, & Radiuk, 2015).

Analyzing the tools of BAT implementation and ad-
vancement of the USA energy efficiency in Russia, con-
clusion can be made on the “imbalance” in the state poli-
cy. In Russia, that “imbalance” is observed towards the
state regulation. In the USA, similar “imbalance” is seen
where certification and tightening of standards are key
tools for energy efficiency advancement. However, in the
USA there is the social pressure on the companies in
favour of the advancement of environmental groups and
up-to-date solutions as well as a set of local initiatives,
which are supported actively by federal authorities.
Those two factors are not available in Russia.

Over the recent years, Canada has reached considera-
ble progress in terms of energy efficiency. That has be-
come possible owing to the numerous federal and regional
programmes providing grants, credits, and financing to
stimulate the implementation of energy-saving technolo-
gies. However, currently, the priority of Canadian gov-
ernment is shifting from direct financing and crediting to
the programmes stimulating dissemination of information
concerning the data, tools for their analysis, and demand
control programmes being financed by power corporations
and supported by regional bodies of state authority (Carl-
son & Pressnail, 2018; Maiorano, 2018; Maiorano, 2019).

Use of biofuel in different industries is growing. In
terms of the transportation sphere, one can note the in-
crease in biofuel use owing to federal Renewable Fuels
Regulations stipulating following compulsory condition:
fuel mixture will include fuel types obtained from the
renewable sources (Alsubaie, Fowler, & Elkamel, 2019).
On average, manufacturers and importers of oil fuels
should provide 5% of the renewable fuel for petrol (com-
paring to the situation as on 15 December 2010).

To stimulate capital investment in the energy-
efficient technologies, tax incentives are applied. That
may be the use of accelerated amortization of capital
costs (for different permanent installations generating
power involving renewable energy sources (e.g. wind,
solar power, geothermal energy) or waste heat as well as
the equipment making it possible to save energy by using
energy resources in a more efficient way).

Department of Mineral Resources of Canada adopts
standards reflecting the development of new technolo-
gies, e.g. construction and exploitation of net-zero-
energy buildings (Tardifing, Pope, & Lubun, 2011; Syed
& Hachem-Vermette, 2019).

Nowadays, the world is paying great attention to the
co-generative processes, i.c. combined generation of
thermal, mechanical, and electric energy while fuel (coal,
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fuel oil, natural gas etc.) burning. It is proposed to take
synthetic generator gas, produced during underground
gasification of bituminous and ligneous coal seams, as
the fuel. Canada has developed principally new and eco-
nomically efficient technological schemes of combined
gas-steam-turbine system to generate energy resources
on a unified energy carriers — gas, which is obtained on
the basis of well underground coal gasification (WUCG),
free-piston plants, and heat energy storages (Blickstead,
1990; Gnanapragasam, Reddy, & Rosen, 2010; Richard-
son & Singh, 2012; Olateju & Kumar, 2013).
Co-generative production has three technological cy-
cles of power generation; they complement each other
favouring full employment of energy resources. Cycle
four, completing the co-generative production, is energy
and biological generation operating on the heat of main-
process waste water. In terms of the combined energy
system, initial energy carrier (WUCG gas) is obtained by a
geotechnological method of the coal deposit development
with the use of well underground coal seam gasification.

4. DISCUSSION

Following tendencies may be included into the list of
world key tendencies in the sphere of innovative and best
available techniques of energy saving which Russia should
pay attention to and which are proved to be efficient:

— application of the system of “smart” meters and “smart”
networks making it possible to provide overall efficiency
of the electric energy market; use of “smart” systems of
energy management which helps have constant monitoring
and define possibilities for energy efficiency increase;

—renewable energy sources. Wind and solar energy
account for the largest investment expenditures in that
sector; according to the International Energy Agency,
each of them will require USD 11 trn within the period of
2017 —2060. Moreover, the sector includes common use
of biomass with coal during electric energy generation;

— implementation of standards of the fuel efficient use
and saving. Currently, only four countries (Japan, Aus-
tralia, the USA, and Canada) use those standards. In
terms of energy-consuming industries, progress in the
sphere of energy efficiency is stipulated by the invest-
ment in new possibilities and, to a lesser degree, modern-
ization of technologies and closure of old objects rather
than by the improvement of the current objects capacity.

Practice of the developed countries demonstrates that
energy supply systems with HPP have higher coefficient
of use of crude soil or rock energy. Due to the develop-
ment of privatization and use of the production nature,
large energy consumers are increasingly refusing to use
centralized energy supply systems; thus, that system is
becoming less competitive with the decentralized gene-
ration of electric and heat power. In such a situation, large
industrial energy consumers as well as owners of large
buildings (administrative facilities, hotels, sta-diums etc.)
have become interested in alternative and cheap lighting
and heating technologies. Owing to the continuous nature
of co-generative processes for generation of electric,
mechanic, and thermal energy, fuel efficiency will be
close to maximum (90 — 93%) within a year and day and
improve environmental situation. Implementation of such
projects makes it possible to exclude emissions of green-
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house carbon dioxide gas (CO,) and nitrogen oxides (NO,
and NO3) generated while natural gas burning, as well as
CO,, sulphur oxides (SO, and SO3), NO, and NO; formed
during the coal burning; that will help reduce environ-
mental pollution. Consequently, use of alternative energy
sources and application of the principles of their maxi-
mum preservation are of growing interest in terms of the
available patterns of energy consumption, which has
resulted in the problem being so acute today.

5. CONCLUSION

Energy efficiency in foreign countries increases owing to:

— implementation of new heat pumps capable of with-
standing cold climatic conditions and operating more
efficiently with the caloric power output being more than
70% at the temperature of —25°C;

—improved thermal insulation and glazing, energy-
efficient conditioners, and solar water heaters;

— optimization of the demand for heating and cool-
ing in buildings in terms of the control improvement:
smart thermostats, being programmable and connected
(i.e. network) devices, controls and regulates heating
and cooling loads. The saving may vary from 15 up to
50% depending on the technologies of construction
and control;

—smart solutions for lighting systems: implementa-
tion of recent developments in that sphere will make it
possible to improve lighting in buildings (i.e. changes in
colour temperature to replicate natural lighting).

To provide innovative development in the sphere of
energy-efficient technologies, it is required to have
strong, well-coordinated, and consistent state policy in
different sectors of economy which will take into consi-
deration specific objectives of national energy policy and
include different areas such as taxation, international
cooperation, investment support, development of munic-
ipal facilities and others.
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orJisAA CBITOBOI'o 10CBIAY 3ACTOCYBAHHSI EHEPTOE®EKTUBHUX
TEXHOJIOI'TM HA TTPHUYOJOBYBHUX NNIAIIPUEMCTBAX

JI. Tonuapenko, A. Pwkakosa, H. Cenosa, 1. €pumon, ®. AxymniHiH

Merta. AHaui3 CBITOBOTO JIOCBi/ly BUKOPHCTAaHHSI HAMKpAIMX JOCTYITHUX TEXHOJIOTIH JUlsl MiZABUILEHHS eHepro3oepe-
JKEHHSI Ta €HEepreTHYHoi epEeKTHBHOCTI TipHUYOJO0YBHUX IMiANPUEMCTB, SIKI € BOXKIMBUMH (DaKTOpaMH IHHOBALIHHOTO
PO3BUTKY 1 EKOHOMIKH.

MeTtoaunka. B ocHOBI MeTOZOJIOTIT JOCIIIPKEHHSI 3aCTOCOBAHI HAYKOBI MiIXO/IM: ICTOPUKO-EBOMIOIIHHUN, MDKANCIHII-
JIHApHUH, IHTErpaliiHui, NMpouecHUH 1 cuTyaniiHuid. BHKOPHCTAaHO METOIMKH PETPOCIIEKTUBHOTO, KAaTEropiajbHOTO,
CHCTEMHOTO aHaJli3y, MOJIEIIOBaHHs. AHAJII3 BUKOHYBAaBCSl Ha OCHOBI SIK IEPBUHHMX iH(QOpPMAIIHHUX JpKepen (OpUriHaib-
Hi TEKCTH 3aKOHOJIABCTBA, CTPATETiii), TaK 1 HA OCHOBI MaTepiaiiB MiKHAPOIHUX aHANITHIHUX opraHizanii (MixxHapoIaHO-
TO EHEPreTHYHOTO areHTcTBa, CBITOBOTO 0AaHKY), 8 TAKOXK MaHUX O(MIIIITHOTO CTATHCTHYHOTO OOJIIKY.

Pe3yabTaTu. Bnepme mpoaHai3oBaHi pi3Hi BapiaHTH HalKpamux JocTymHUX TexHonorii B Anownii, CIHA, €C, ponb
JICp)KaBU Y 3aCTOCYBAaHHI IHCTHTYI[IMHHUX 3aXOJIB MiJATPUMKH €HEProe()eKTUBHOCTI, B TOMY YHUCII y TPHUYO00YBHOMY
KOMIUIEKCI, a TAaKOXK TMEepPCIeKTUBH 1X BUKOpHUCTaHHs y Pociiicbkiii Penepaitii. BuzHadyeHo, 1110 eHeproe()eKTUBHICTh €
JI€BUM 1 peHTa0eIbHIM 1HCTPYMEHTOM JIOCSTHEHHSI CTaJIOr0 PO3BUTKY €KOHOMIKM KpaiHu B minomMy. [TokaszaHo, 1o eHep-
ro30epeKeHHsI Ta MiJIBUILEHHS eHeproe()eKTUBHOCTI MOXKE 3HIDKYBATH NOTPEOY B 1HBECTHILISIX, 30LIBIIUTH KOHKYPEHTO-
CIPOMOXHICTh MPOMHUCIIOBOCTI i J00pPOOYT COXKMBaya, a TAKOXK MOKPAIyBaTH OXOPOHY HABKOJHIIHBOTO CEPEIOBHIIA,
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3aBJISIKU 3HW)KEHHIO BUKHIIB TAPHUKOBUX Ta3iB Ta 3MEHIIICHHIO 3a0pyAHeHHs MoBITpsl. [1inBuIleHHS] eHeproeeKTHBHOCTI
6e3mocepeTHRO BIUTUBAE HA KOHKYPEHTOCTIPOMOXKHICT IIPOMHUCIIOBOCT] Ta MOKE OYTH IOCATHYTO 32 paXyHOK IHHOBAIiH.

HaykoBa HoBU3HA. BuijieHO KIII0YOBI HAYKOBO-TEXHIUHI acll €KTH il MiX0/AH, 0 CTUMYJIIOIOTh MiIBUIICHHS eHep-
roe()eKTUBHOCTI B PO3BUHECHUX 3apyOiKHUX KpalHaX i BIUIMBOM CHJIbHOI, CKOOPIHHOBAHOI Ta IOCIIIOBHOT MOJIITHKH
JICP>KaBH Y PI3HUX CEKTOPaX EKOHOMIKH.

IpaxkTHuna 3HaunMicThb. [IpoBeeHmii aHaii3 KOPUCHHUHN y OOYI0BI iIHHOBALIIIHOTO Ta TEXHOJIOTIYHOTO PO3BUTKY Pi-
3HUX raimysei Pociiicekoi @enepartii B ymoBax ii HerrpocToi B3aemoii 3 kpainamu €Bporu 1 CILA, 3anexHo Bix 3apy0ix-
HUX TEXHOJIOTiH Ta 0OMEXEHOT0 JJOCTYITY JI0 HUX.

Knruogi cnosa: enepeoepexmusricmo, HAUKpawi OOCMYRHI MeXHON02H, eHepeobesnexa, cmpamezis, iHHosayii, 2ip-
HUY0000Y8HI NiONpueMcmsd

OB30P MUPOBOI'O OIIBITA HCIIOJIb30OBAHUS SHEPT OO®@®EKTUBHbBIX
TEXHOJIOI'MH HA TOPHOJOBBIBAIOINUX MPEAITPUATHUAX

JI. T'ongapenxko, A. Pepxakosa, H. Cemosa, U. EpumoBs, @. AxymuHuH

Hesb. AHanM3 MUPOBOTO OIIBITAa MCTIOIB30BAHMS HAMITYUIINX JIOCTYITHBIX TEXHOIOIHH U MOBBIICHNUS SHEeprocoepe-
JKEHHUS U TOBBIILIEHHE SHEPreTHYecKoil 3 (heKTHBHOCTH TOPHOAOOBIBAIOIINX NPEANPUATHH, KOTOPBIE SBIISIOTCS BaKHBIMH
(akTopaMu pa3BUTHS SIKOHOMHUKH.

Mertoauka. B 0CHOBE METONOJIOTHH UCCIIEJOBAaHNS IPUMEHEHBI HAYYHbIE MOAXObI: HCTOPUKO-3BOIIOLUOHHBINA, MEXK-
JUCLIAIUIMHAPHBIN, WHTETPALMOHHBIN, IPOLIECCHBII M CUTYalUMOHHBIA. MCIONb30BaHbl METOJUKH PETPOCIIEKTUBHOIO,
KaTeropuajJibHOT0, CUCTCMHOT'O aHaJIn3a, MOACJIMPOBAHUA. AHanu3 BEIOJIHSJICS Ha OCHOBE KaK TMCPBUYHBIX I/lH(l)OpMaLll/I-
OHHBIX MCTOYHUKOB (OpHTHHANBHBIE TEKCThI 3aKOHOAATENCTBA, CTPATETHI), TaK U HA OCHOBE MaTepPHUaIOB MEKIyHAPOI-
HBIX QHAUTUTHYECKUX opraHm3aimii (MeXIyHapoIHOro SHEpreTHYecKoro areHTCcTBa, BecemupHoro OaHka), a Takxke JaH-
HBIX O(HIHATEHOTO CTaTUCTHYECKOTO yUeTa.

Pe3yabTaTnl. Briepsble npoaHaa3UpOBaHbl pa3aMYHbIE BAPUAHTHI HAWIYUIINX JOCTYIHBIX TEXHOJIOrMH B SnoHuwm,
CIIA, EC, a Takxe poib TocyapcTBa B MPIMEHEHUH WHCTUTYIIMOHAIBHBIX Mep MOMIEPKKU SHeprod(h(HeKTUBHOCTH, B
TOM YHCIIE B TOPHOJOOBIBAOIIEM KOMILIEKCE, TIEPCIICKTHBEI €r0 UCIoNb30BaHus B Poccuiickoit @enepanun. OnpeneneHo,
YTO 3HEProdPEeKTHBHOCTH SIBISETCS ICHCTBEHHBIM W PEHTAO0CTbHBIM HWHCTPYMEHTOM JOCTHKEHHSI YCTOWYMBOTO Pa3BH-
THS1 SKOHOMHKH CTpaHBbI B 11eIoM. [loka3aHo, 4To SHeprocOepekeHne U MOBbILIeHHE SHEProdpHEKTUBHOCTH MOXKET CHHU-
KaTh MOTPEOHOCTh B MHBECTHIMAX, YBEIHMIUTh KOHKYPEHTOCIIOCOOHOCTH IIPOMBIIIUICHHOCTH M OJIarOCOCTOSTHUE MOTPeOu-
TEJIsl, @ TAKKe YIIy4lIaTh OXpaHy OKPYXKaroIIei cpenipl, Onarogaps CHHKEHHUIO BHIOPOCOB MAPHUKOBBIX I'a30B U yMEHBIIIC-
HHIO 3arpsi3HeHusi Bo3nyxa. [loBblieHne 3HEprodeKTHBHOCTH HAIPSMYIO BIMSET HAa KOHKYPEHTOCHOCOOHOCTBH IpO-
MBIIIJICHHOCTH U MOXCT 6I)IT]J JOCTHUTHYTO 3a CHET I/IHHOBaIJ,I/II‘/II.

Hayqﬂaﬂ HOBU3HA. BI)II[e.]'leHI)I KITFIOYEBBIC HAYUYHO-TEXHUYCCKUE ACIICKThI U MOAXO0/AbI, CTUMYJIHMPYIOIIUEC MMOBBIMICHUE
9Heprod((EeKTUBHOCTH B Pa3BUTHIX 3apyOEKHBIX CTpaHaX IOJ BIMSHHEM CIJIBHOHM, CKOOPAMHUPOBAHHOW M IIOCIIE/IOBA-
TEJIbHOM MOJIUTUKH TOCYIapCTBA B Pa3JIMUHBIX CEKTOPaX SKOHOMHUKU.

IIpakTHyeckasi 3HAYNMOCTb. [IpoBeneHHBIN aHAIKM3 NONE3€H B IOCTPOCHUN MHHOBALIMOHHOTO U TEXHOJIOTUYECKOr0
pa3BuUTHs pa3nuyHbIX oTpacieil Poccuiickoil ®denepanuu B yCIOBUAX €€ HEMPOCTOrO B3aMMOJEHCTBUS CO cTpaHaMu EB-
ponsl 1 CIA, 3aBucHMOCTH OT 3apyOeXHBIX TEXHOIOTHI W OTPaHUIEHHOTO IOCTYIIa K HUAM.

Knioueswvie cnosa: suepeodghpexmuenocmn, Haunyuuiue 00OCMynHvle mexHoa02Uu, IHepeooe30nacHoCmy, Cmpamezus,
UHHOBAYUU, 20PHOO0ObIBAIOUfUE NPEONPUATIUA
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