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The article considers a number of operational control aspects of Magnitogorsk city heat supply
system. The development of the industrial city’s heat supply system, as well as its operational con-
trol, updating and restructuring are evaluated both in their own scope and in the advancement of
the whole energy generation in Russia. The results of the analytic and applied research of the opera-
tional control of the heat supply system are displayed. The results obtained can be assessed in
the operational control adjustment of the heat supply system of the Magnitogorsk city and PJSC
“Magnitogorsk Iron and Steel Works”, as well as in its further development and automation.
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Introduction

The Russian Federation geographically spans about a sixth part of the Earth terrain. The utmost part
of its territory is located in the severe climatic conditions. In order to provide a stable functioning of
the centralized heat supply system and its operational control in the climatic conditions of Russia it is
being spent up about one third part of all fuel resources mined and produced in the country.

In fact, it means that every third ton of coal, fuel oil, peat, every third cubic meter of gas mined and
produced in Russia is spent up for functioning of its centralized heat supply system.

Centralized heat supply systems efficiency analysis shows a deterioration of its operational func-
tioning in Russia over the last several heat supply seasons. Experts say that industry can face a deep cri-
sis in case of its aggravation and absence of a long-term planning [1, 2, 4-19].

For operational functioning of the centralized heat supply system of Moscow (e.g.) during a winter
period hundreds of railway wagons of coal, fuel oil, peat, abundant cubic meters of gas are to be daily
consumed. Actually, if being compared to the system of Moscow and its heat power output, the centra-
lized heat supply system of Magnitogorsk also requires relatively considerable amount of fuel resources
in order to afford its stable operational functioning.

1. Efficiency analysis of the operational control of centralized heat supply

in the Russian Federation

According to some experts, the problem of heat supply in Russia became precarious by the end of
heat supply period of 2015-2016 [5, 6, 10, 12, 15]. A number of accidents were increasing, and both
consumers and generating companies were dissatisfied with tariffs of heat supply [12, 16—-18, 25].

However, this assessment, according to some specialists and market analysts, is rather restricted.
The stated fact, for instance, is that in St. Petersburg a worn out level of heat supply piping networks is
not more than 30 %. Nonetheless, in the course of the first month of 2016 a number of accidents had
happened on municipal heat supply systems. Some of them took place within a limited heat supply area
of Vasilyevsky Island. This area includes 673 buildings, presented by 500 residential houses and nine
hospitals, with a maternity hospital and a children hospital among them.

According to some estimation, companies producing thermal energy face a progressive ageing of
equipment. As a consequence, the reliable operation of these companies is under growing risks. In order
to reduce these risks, it is necessary to increase maintenance expenditures for heat supply piping net-
works, as well as for boilerhouses and power plants. According to an ongoing upgrading process this
will require an extension of revenues generated on the electricity market. It must be emphasized that
similar procedures are to be implemented in practice repeatedly on a regular basis. As statistics shows, if
no corrective technical and economical procedures were taken in due time, it would seriously increase in
a number of accidents, especially in respect to the piping networks.
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The number of emergencies on the main heat piping networks, maintained by organizations affilia-
ted to the heat and electric power industry, had increased by 16 % during the heat supply period of
2014-2015, if compared to that of 2013-2014, amassing to the number of 1122. Among them 53 situa-
tions were accompanied by heat supply interruptions lasting more than 24 hours. Almost 70 % of acci-
dents have occurred on the main heat piping networks with an exceeded normative time period of opera-
tional control (i.e. more than 25 years). A number of such networks had grown by 3.6 %. Meanwhile
heat supply industry specialists accentuate the fact that these statistics reflect only major accidents in
backbone heat supply piping networks. If actual and probably much more extended length of thermal
piping networks and their presumably grater deterioration would have been taken into consideration,
then volumes of technological breakdowns, leading to local heat supply interruptions, could have been
possibly grater by an order [7].

The following main priorities were defined for medium term development of domestic energy sup-
ply sector:

— energy saving procedures for the processes of energy generation, supply and consumption;

— energy consumption efficiency increasing;

—improvement of the national energy balance of the Russian Federation to be performed by
the federal government;

— safekeeping of energy supply stability;

— improvement of the fuel and energy complex structure;

— enhancement of technical and ecological safety procedures of the energy production industry;

— energy production growth as a factor of foreign and domestic policy.

Therefore, an effective development of the national economy is impossible without strengthening of
the organizational, technical, financial and economic basis of the country’s fuel and energy sector.
The structure of Russian thermal loads is given in Table 1.

Table 1
Structure of Russian heat loads
Volumgs % in total % in each
Sources of thermal energy of production,
6 volume sector

x10” Geal
Total 2100 100
1. Centralized, including: 1430 68 100
— thermal electric power stations, thermal electric
stations of the federal level 710 34 49
— boiler stations with load more than 20 Gcal/h 720 34 51
2. Decentralized, including: 600 29 100
— boiler stations with load less than 20 Gcal/h 260 13 43
— autonomous and individual 340 16 57
3. Other (recycling installations, electric boilers, 70 3 100
nuclear)

Meanwhile the task of national energy saving policy practical implementation should be considered
in a careful and detailed manner. The same approaches to the development district energy supply should
be implemented in industrial cities because of the following reasons:

— the heat supply systems of industrial cities like Magnitogorsk include both industrial and munici-
pal heat supply networks;

— industrial cities possess well-developed sources of heat supply;

— the power supply complex of industrial cities often implement cogeneration techniques.

It is worthwhile noting that at the beginning of the 2000s the Fuel and Energy Complex (FEC) of
the Russian Federation had fulfilled in general the governmental task of increasing the extraction of
primary fuel and energy resources. Herewith it had stabilized modus vivendi of the economy and en-
sured its planned growth.

However, the country has also endured series of the FEC unsolved difficulties:

— high deterioration of fixed assets;
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— insufficient level of capital investments;

— distorted price ratio between interchangeable power resources;

— sharp worsening of raw-material basis in terms of quantity and quality;

—low efficiency of market infrastructure and absence of civilized competitive power generating
market;

— shortcomings in efficiency of management of the branches of the FEC in state ownership;

— low level of revenues from domestic and world energy markets;

— shortage of fuel and heat supply in a number of Russian regions, especially in the Far East (e.g.
Primorye and Chita regions).

The task of providing a reliable heat supply, especially, for district heating purposes during autumn-
winter period has an actual social significance. Total analysis and evaluation of problems of heat supply
require active cooperation between FEC and public utilities.

The majority of metropolitan areas in Russia are supplied by thermal electric power stations, owned
by private generating companies. In addition, there are industrial cogeneration plants and boiler-houses,
associated with industrial enterprises. These industrial sources produce heat-carrier and electric energy
to supply corresponding enterprise facilities, additionally providing heat supply to adjoining residential
areas, mainly inhabited by the employees of those enterprises. This structure describes the city of Mag-
nitogorsk as well (Fig. 1). In addition, a number of independent individual boiler-houses mounted inside
the residential or office buildings or supplying several blocks of houses, increase significantly over
the recent years.

Heat supply system of Magnitogorsk

l l

MMK Independent
heat sources heat sources
!
/ l \ A 4
Central power Thermal power Steam-air . .
. . Boiler stations
station plant power station

' l '

Heat supply piping networks (thermal energy distribution )

N

Heat consumers (metering, accountancy, consumption regulation)

Fig. 1. Operation control structure of Magnitogorsk heat supply system

Centralized heat supply systems provide heat-carrier for about 75 % of all consumers, including ru-
ral settlements. About 35 % of heat energy is provided by cogeneration plants. In total, large cogenera-
tion systems produce about 1.5 million Gcal per year. Hence, large heat supply piping systems are func-
tion mainly in cities with a rated thermal load more than 500 Gcal/h (580 MW (thermal)). The larger is
the city, the more powerful is its centralized heat supply piping system. In majority of large cities cen-
tralized heat supply piping systems provide heat-carrier to 70-95 % of available housing stock. Their
share in total thermal capacity of all heat sources is around 70 % (refer to Table 2). However, the ma-
jority of energy saving capabilities is located at consumers’ side and in engineering networks. It includes
25-60 % of the heat and 15-25 % of the electrical energy.
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Table 2
Share in total thermal capacity of thermal electric power stations for general use

Thermal capacity | | 00100 | 100t0 500 | 500 to 1000 | 1000 to 3500 | More than 3500
load, Gceal/h

Number of cities 2345 528 95 74 36
Share in total load 12 % 18 % 10 % 21 % 39 %

In our view, main objectives of country’s municipal heat supply middle-term development are to be
the following:

—to gather and analyze actual information on technical conditions, efficiency and reliability of heat
supply area of our country;

—to assess the current situation in the area of heat supply in Russia and to define improvement
priorities;

— to formulate an efficiency improving conception in terms of legislative, regulatory, administrative,
financial, economic, organizational and technical maintenance.

Country’s municipal data analyze, including that of Magnitogorsk, points toward existence of
a large number of broad-spectrum municipal and district problems concerning heat supply infrastructure.
Total length of heat supply piping networks in Russia by the end of 2013 amounted to 168,000 km in
double-tube terms. As it is now, the stretch of end to end of 48,000 km (29 %) need to be repaired and
reconstructed. The length of heat supply piping networks with 100 % of physical deterioration is more
than 32,000 km (19 %).

In order to avoid critical operational risks and to attain an average worsening age of heat supply pi-
ping networks of other developed countries, the annual piping networks updating necessary rate should
not be at least 3—4 %. However, actual rate, in fact, does not exceed 1-1.5 % per year of the total length
of networks. The current situation leads to an ageing of fixed assets and to a negative impact on energy
facilities' level of safety in the winter period. The number of accidents on heat supply piping systems is
much higher than on similar systems of other countries [1, 2, 5, 6]. Regulation in this sphere is attributed
mainly to municipal authorities, though municipal authorities are in most cases not in a position to make
any strategic decisions. Municipal authorities can only resolve short-term tasks.

So, every heat supply organization is administrated on the individual basis. Actually there is no sin-
gle center of responsibility before the consumer. Finally, nobody is responsible for quality and reliability
of heat supply. And, as a matter of fact, it is in nobody's interest to share the load of responsibility for
heat supply inside a district, since the effect of savings is withdrawn by the administrator [5—15, 18-24].

Until there is no a single center of responsibility before the consumer, the consumer pays to any inte-
rim virtual heat supply organizations irrespectively of their number and standing. The state authorities only
restrict a growth of price rates, but due to the lack of clear price indicators it does not protect the consumer.
As a result, tariffs are steadily growing higher, but investments are coming in slowly. [1, 9, 12].

2. Efficiency analysis of the operational control of centralized heat supply in Magnitogorsk

During 1990s the centralized heat supply piping system of Magnitogorsk city faced the same prob-
lems as the whole country does [1-17, 23-25]. Development of the production basis of the PJSC “Mag-
nitogorsk Iron and Steel Works” (also known as MMK) and growth of the city resulted in a construction
of joint centralized heat supply piping system.

The history of the centralized heat supply system of Magnitogorsk has its origin in establishment
and development of the energy generating system of the MMK. It is based on the central electricity-heat
station of the MMK.

Magnitogorsk with its population of about 420,000 people is located in the area with a moderate
climate. Heat supply season continues from October to May (218 days). Average monthly air tempera-
ture in December—February is within a range from (—11 °C) down to (-25...-35 °C).

About 90 % of municipal consumers receive heat from the centralized heat supply piping networks,
where 63 % of heat comes from the heat electrical central, the central electricity heat station, and
the steam-air pumping station of the MMK. The other part of heat is produced by three boiler stations.
Total heat load is about 1,200 Geal/h. Total annual heat consumption, including losses of heat, is about
4 million Gceal. A considerable share within utilities payments (viz. 53—67 %) stands for heat supply
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costs during heat supply period. It includes payments for centralized heat supply and hot water supply
[11, 12,15, 24].

As the research results show, further development of the municipal and industry energy production
in Magnitogorsk is going in accordance with a power strategy implementation of the country [5-9,
12-19, 21-25]. Structure of distribution of heat supply load in Magnitogorsk from municipal and district
sources in the housing and communal services is presented in Table 3.

Structure of distribution of heat supply load in Magnitogorsk from municipal Tables
and district sources in the housing and communal services
. . Total heat supply sources’ loads
Main consumers Units Municipal sources | District sources Total
Municipal housing fund Gcal/h 270.04 417.81 687.85
% 22.2 344 56.6
Budgetary organizations Gcal/h 50.53 414.61 465.14
% 4.16 34.12 38.28
Private sector Gcal/h 61.74 0.26 62.0
% 5.08 0.02 5.10
Total Gcal/h 382.32 832.68 1215
% 31.47 68.53 100

As much as 71 % of the total heat load produced by municipal boiler-houses is consumed by apart-
ment buildings. It consumes 51 % of the total heat load of all heat sources. The budgetary organizations
consume other 34 % of the load related to the departmental sources of thermal energy. The structure of
heat consumers in Magnitogorsk are presented in Fig. 2.

Private serctor Other consumers

Municipal
housing fund
51%

Fig. 2. Structure of Magnitogorsk heat consumers

The current situation in the thermal power complex of the MMK and of the industrial city Magnito-
gorsk has a number of functional deficiencies that need to be eliminated. One of the key issues here is to
assure a balance of interests between the thermal energy producers. They are power generating plants of
the MMK and the cogeneration sources of heat supply of Magnitogorsk.

Currently the MMK, as a commercial body, is making every effort to reduce expenses of its metal-
lurgical products. The significant part of expenses is attributed to electrical energy consumption.
This makes the power stations of the MMK to carry out energy generating regimes in accordance with
the following criterion: maximum generation of electric power with minimum consumption of fuel re-
sources.

Certain results are achieved by reducing heat-carrier temperature chart. But from the beginning of
its operation heat supply piping systems of Magnitogorsk was designed to function according to the high
temperature chart of 15070 °C. That is one of the major problems that require a mutually acceptable
solution from the authorities.
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An objective analysis of the operation control of Magnitogorsk heat supply piping system’s tech-
nical parameters is required in order to solve the above problems. Primarily, it is required to estimate
remaining lifetime in the practice of thermal energy consumption. On this basis researchers and produc-
tion stuff have to suggest an effective solution that will balance interests of the energy supply companies
of the MMK and those of the municipal consumers of Magnitogorsk [3, 4, 11-14, 17, 18, 24]. An ab-
sence of a positive approach toward clarification of this issue would lead to unreasonable economic
losses on both sides. On the part of the MMK an upturn of the cost of energy in the total cost of the final
metallurgical products is observed. On the side of the consumers a weakening of the housing comfort is
noticed due to inappropriate temperature and deficit of the supplied thermal energy.

At the same time the experience of the advanced industrial countries shows that, under similar con-
ditions of the market economy and comparable technical parameters in the energy sector, mutually bene-
ficial agreement between suppliers and consumers of energy resources can be achieved. In that regard
the low-temperature heat supply experience of Denmark can be mentioned. The matter is that the tem-
perature of the heat flow in the whole system is reduced as far as possible. At the same time all parame-
ters of the heat supply system are under current operational control and being regulated. Meanwhile the
consumers of thermal energy are fully adapted to the parameters of the low-temperature heat supply [3].

The following advantages of the low-temperature heat-carrier are:

—reducing heat losses within piping networks;

— increasing electric power output of thermal power stations;

—reducing fuel consumption;

— creating preconditions for alternative heat energy sources implementation.

Therefore, a lowering of heat-carrier temperature by 10°C results in fuel consumption decrease by
0.5-1 % according to the Danish specialists. At the same time the output of electric energy on thermal
power stations rises by 0.2-0.3 %. Consequently, reducing heat-carrier temperature by 10°C diminishes
heat losses in heat supply piping networks by 0.33 % in relation to the entire heat supply volume.
The heat-carrier temperature in Denmark is being kept less than 70°C when the outdoor temperature is
about —12°C. The level of heat losses in heat supply piping networks is about 18 %, and the level of
heat-carrier leakage is under 2 %.

Nevertheless, a straight alignment of domestic heat supply technologies to contours of district heat
supply technologies of the European countries irrespectively to the local climatic and technical condi-
tions of Magnitogorsk is inappropriate in our opinion. One of the central issues here is a reasonable tariff
policy that enables an introduction of energy-efficient technologies by means of an optimal carrying of
the heat supply operational control.

The existing regulatory framework allows including investment costs into the customer price. These
investment costs countervailed by energy-saving activities will not lead to sufficient consumer price in-
crease. At the same time it boosts energy-saving activities development. As for today, however, these
possibilities are not fully realized, making them issues to be clarified.

Conclusions

1. Formation and development of district heat supply piping systems of Magnitogorsk and
the whole Russia have both their own and similar features. The difference between them is due to a sig-
nificant variance of climatic conditions in various regions of the country.

2. An overall assessment of the country’s centralized heat supply system actual state is required in
relation to legislative, regulatory, administrative, financial, economic, organizational aspects and tech-
nical maintenance. It can facilitate a correct definition of priorities in terms of heat supply system im-
provement.

3. In order to promote further development of local heat supply piping system it is necessary to
gather and analyze the operational control information including technical conditions, efficiency and
functioning reliability of the heat supply in Russia.

4. Further research activities have to be directed toward finding a particular balance of interests be-
tween industrial and municipal sources of centralized heat supply and assurance of its accurate imple-
mentation.

5. Solutions of numerous operational problems in centralized heat supply may be found by imple-
menting low temperature technologies of heat supply with an appropriately adjusted operational control.
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6. Evaluation and research experience indicate that direct rearrangement of domestic heat supply
technologies to the features of district heat supply technologies of the European countries irrespectively
to the local climatic and technical conditions cannot result in viable solution.

7. As our research experience shows, only detailed scientific research will lead to formulating relia-
ble criterions to define correct technical and economic decisions in the area of heat supply and its opera-
tional control. This is the right way of solving problems of district heat supply systems of industrial cit-
ies, namely of Magnitogorsk.
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OLUEHKA 1 ONbIT UCCNEOQOBAHUN ONMEPALUMOHHOIO KOHTPONSA
CUCTEMBbI TEMNOCHABXEHUA TOPOOA MATHUTOIOPCKA

C.A. lNnonsik
MazHumoeopckul eocydapcmeeHHbIU mexHudeckul yHusepcumem um. .U. Hocoea,
2. MaeHumoeopck, Poccusi

PaccmatpuBaeTcst psii aclieKTOB ONEPAIIIOHHOTO KOHTPOJIS CHUCTEMBI TEIUIOCHA0)KEHUS HHAIY-
cTpHanbHOrO ropona Marauroropeka YenstOunckoit obmactu. Pa3Buruio cuctemsl TeriocHa0XeHs
roposa, e€ MoIepHU3aINH U PECTPYKTYPHU3ALMH JaHa OLICHKA KaK B CBOEM COOCTBEHHOM KOHTEKCTE,
TaK ¥ B OOIIEM MPEACTABICHNH O Pa3BUTUH CUCTEMBI TeHEPAIH YHEPTETHUECKUX pecypcoB Poccun.
IIpencraBneHsl pe3ynbTaThl aHAIUTHYECKUX M MPHUKIAAHBIX HCCIENOBAHMN ONEPallMOHHOIO KOH-
TpoJisl QYHKIIMOHUPOBAHUS CHCTEMBI TeIutocHaOxeHus. [lonmydeHHbIe pe3yabTaThl MOTYT OBITH yU-
TEHbl Kak B MpOLECCEe OMNECPAlMOHHOTO KOHTPOJSI CHCTEMbl TemuiocHaOxeHus ropoma u OAO
«MMK», Tak 1 pu e€ qanpHeHIeM pa3sBUTHH H aBTOMaTH3aINH.

Knrouesvie cnosa: onepayuoHHulli KOHMPOTb, CUCTEMbl YEHMPAIU308AHHO20 MeNIoCHadice-
HUs, MenoCHAb’CceHUe 20P0008.
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