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Abstract — In Russia, the legislative support for the construction and operation of heating
systems is permanently developing and improving. The Federal law “On heat supply”
adopted in 2010 is the basic and most important document that regulates the work of heating
systems. Moreover, the country has more than 10 additional documents that regulate this
industry, and a great number of documents that establish rules for building and operating
energy systems. The paper presents the main documents that regulate the heat supply
industry in the Russian Federation, and a brief description of the main stages of heating
system life cycle and problems solved in each of them. Despite the national policy of energy
conservation and energy efficiency enhancement, there are still problems related to heat
supply management due to large extension, complexity and a variety of types and structures
of the systems. The main cause of the poor heat supply efficiency in Russia is explained by a
considerable change in the structure of heat loads that has occurred of late years, a decrease
in the loading of the main generating equipment and heat networks, which amid other things
is fostered by an increasing wear of the systems. Upgrading of generating capacities and heat
networks is considered in the framework of long-term investment projects for their
modernization and expansion. The obtained solutions are reflected in the Schemes of urban
heat supply. This paper proposes solutions aimed at enhancing the effectiveness of decisions
made in the field of heat supply. It formulates the proposals on organization and regulation
of the activities of all the participants in heat supply in the stage of long-term planning of
heating system expansion, because well-founded and rational planning of construction and
expansion of the systems is a basis for their efficient operation.

Keywords — Cooperation; district heating systems; energy market; energy planning; heat
supply; utility regulation

1. INTRODUCTION

Russia has a unique experience in establishment and management of district heating
systems (DHS). Large-scale construction of centralized heat sources began as part of the
GOERLO plan in the 1970s [1], [2]. The heating systems of the country differ in complexity
and have to operate in severe climatic conditions of the Extreme North and in the
Southwestern regions with warm and mild climate. Heat sources in Russia operate on
different fuels depending on fuel supply in a region.

Despite the long-term experience in operation of DHS in Russia, the development of legal
and regulatory framework in this field started only several years ago. The federal law “On
heat supply” [3] was adopted in 2010 and it is the foundation and the most important
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document that regulates the work of DHS. Technical solutions related to district heating
however start in the stage of the development of urban planning documentation of that is
regulated by a number of documents [4]-[6].

According to these documents, a General city plan and a Draft area plan should be
developed and approved. Moreover, these documents identify the areas of district and
individual heating; highlight the sites for location of heat sources and their sanitary protection
zones; the sites for laying heat pipelines; allocate the areas for prospective construction of
sources, and address the issue of heat supply to the prospective urban housing.

In European countries, the development of a legal framework related to heat supply started
with the development of district heating. In the Scandinavian countries, the active
development of the district heating began after the oil crisis of 1984 [2], [7], [8]. It was the
main idea of energy law to avoid significant increasing energy prices. This made it possible
to reduce oil consumption and improve the environmental situation. Since then, the reduction
of harmful emissions into the atmosphere and consumption of fossil fuels has become a
priority in the energy policy of these countries.

Scandinavian countries are developing municipal energy plans that include territory-zoning
maps by type of heat supply or levels of heat density [9]-[13]. According to the level of heat
density, three types of heat supply are considered: district and individual heating, centralized
gas supply. Introduction of innovative energy-efficient technologies in the construction and
zero-energy buildings will reduce the heat consumption. This will inevitably lead to changes
in the heat density maps and energy plans of cities [14]. The main document which describes
development of DHS is The Heat roadmap Europe [15]-[18]. It states that district heating
will be suitable in dense urban areas, while local heat pumps and biomass boilers will be
suitable in other areas.

In Denmark, Regulation of the heat energy market is carried out in accordance with
The First Heat Supply Law of 1979. Specific heat price in the country is regulated by the
Government and formed based on the principle of zero profitability. Cooperation of science,
energy companies and government allows to improve energy-efficiency of heat supply in
areas with low heat demand and expand the district heating area [19], [20]. In Denmark,
energy planning is well developed, it promotes extension and construction of energy efficient
DHS [21]-[23].

In Sweden, the operation of the DHS is regulated by District Heating Act, which also
contains information about the district heating enterprise's prices for heat supply and for a
connection to the district heating operation.

In Finland, consumers have the right to choose a way of heat supply and there are no
Government subsidies [24]-[25].

In China, heat is generated at large combined heat and power plants (CHPP), Government
regulates heat tariffs, the consumer can choose between district and individual heating. At the
same time, in China since 2007, DHS and construction of CHPP have been the priorities
within energy efficiency policy [26], [27].

Russian energy policy in heat supply market has its own special features. The activity of
district heating enterprises and development of design and technical documentation in the
field of heat supply are regulated by a set of legal bills that determine the order and time of
connecting new consumers, rules of tariff setting, conditions for heat supply to consumers,
and other issues [28]-[34].
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2. MAIN PART

2.1. Current Heat Polices in Russia

The Federal law “On heat supply” [3] regulates heat production, transmission, and
consumption in district heating systems; establishment, operation and expansion of heating
systems; competences of the public authorities, local authorities of settlements and municipal
districts on regulation and management in the field of heat supply; rights and duties of heat
consumers, heat supply and heat network entities. According to the amendments to this law
adopted in 2017, there are changes in the system of tariff setting regulation with a switch
from state regulation of all tariffs in heat supply to the establishment of a limiting level of
heat price for the end consumers, i.e. the level of the so called “alternative boiler plant”.
The price will be calculated based on the heat cost to be paid by the consumers in the case of
the construction of their own boiler plant. There should be price zones within which heat
supply will be a responsibility of unified heat supply organizations. The unified heat supply
organization shall implement the measures developed in the Scheme of heat supply and aimed
at constructing, reconstructing, and modernizing heat supply facilities. The organizations to
be established will be responsible for the quality of rendered services and setting the
maximum admissible heat supply interruption time. It is worth noting that an excessive
increase in tariffs can result in a refusal of the consumer from district heat supply and their
switch to individual sources (decentralized heat supply). According to the current legislation,
the consumer is not limited in their choice of a heat source. At the same time spontaneous
development of the decentralized sector will decrease the efficiency of large-scale DHS and
increase specific costs in systems.

The principles of heat tariff setting are regulated by the Resolution of the Government of
the Russian Federation of October 22, 2012 No. 1075 “On pricing in heat supply” [34].
The Federal law of December 30 2012 No. 291 — FL “On the introduction of amendments in
individual legislative bills of the Russian Federation on the improvement of tariff regulation
in the field of electricity, heat, gas, and water supply, and water removal” establishes the legal
framework for the introduction of a long-term tariff regulation, in particular for heat supply.

The investment activity and territorial planning on creation, operation, and expansion of
DHS is regulated by the Resolution of the Government No. 410 of 05.05.2014 “On the order
of coordination and approval of investment programs of organizations that perform regulated
kinds of activity in the field of heat supply and requirements for composition and scope of
such programs” (except for such programs approved according to the legislation of the
Russian Federation on power industry) and Resolution of the Government of the Russian
Federation of February 22, 2012, No. 154 “On requirements for the schemes of heat supply,
order of their development and approval” [29]. It is worthwhile to note however that these
documents do not highlight the issue of energy efficient zoning of the territory by heat supply
type with identification of areas for district and individual heating. The boundaries of the
individual heating areas are determined in the Scheme of urban heat supply, but this concerns
only their current state, while the areas of new housing are not mentioned, and consequently
no reduction in the heat supply costs for the consumer is planned. The efficiency of
connecting new consumers is assessed by the criterion of effective heat supply radius (EHSR).
EHSR is the maximum distance along the heat network beyond which the connection of new
consumers leads to a rise in the specific costs in the DHS. This criterion is calculated for each
heat source and makes it possible to make a decision on the connection of new consumers.
There is however still no officially approved technique for the EHSR calculation.
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Technical regulation of the quality of the supplied resource and rules of rendering
municipal services is performed by the Resolution of the Government of the Russian
Federation of May 6, 2011 No. 354 “On rendering municipal services to the owners and users
of premises in blocks of flats and houses”. The issues of the energy saving policy are reflected
in [31]. In 2010-2011, each region of Russia developed and approved Programs for energy
conservation and enhancement of energy efficiency, but their target indicators have not been
achieved yet. This is explained first of all by insufficient stimulation of the adoption of energy
efficient equipment, improvement in energy efficiency of buildings, the use of renewable
energy heat sources, etc. In the last years there have been positive changes in the field of heat
supply. According to the main provisions of the current legislation, Russia started to develop
Schemes of heat supply to the settlements, plan Programs for modernization of heat facilities
in the regions of the country and carry out energy examination of industrial enterprises, and
make organizational restructuring.

Russia’s energy policy similar to that in the other countries is oriented to an increase in the
energy efficiency, the expansion of renewable energy sources, quality upgrading of energy
facilities, and reduction in the energy-to-GDP ratio. To this end, the national and regional
programs are developed: “Energy strategy of Russia, Energy conservation and improvement
in energy efficiency of Russia and its regions, Scheme and program for national and regional
development of electric power industry, Scheme of heat supply to the cities and settlements,
energy balances of the regions, etc. These programs propose projects for modernization of
the industry, and its further development, plan the adoption of innovative technologies and
renewable energy sources. The implementation of these solutions in practice however, should
be more active.

Despite the extensive legislative framework, there are still management difficulties in the
field of heat supply and energy saving because of large scale, complexity, different types and
structure of the systems. Such properties of the systems complicate the management and
regulation of the activities of all participants in the heat market. At the same time there is still
cross-subsidization of the industry. The regulatory acts adopted to change the situation are
not supported by the instruments required for their implementation. There have been no
changes made in the system of taxation of heat supply entities to increase the stimulating
functions of taxes (tax holidays, exemption of taxes on the profit part to be invested).
The interaction between the heat supply stakeholders such as State, science, energy
companies, design organizations and consumers is not active enough.

In this regard, it is necessary to build a hierarchical system of public administration and
regulation in the sphere of heat supply for development and implementation of the appropriate
state policy, including the state stimulation of innovative development of this industry, as
well as to create a package of information and methodological materials on the development
and operation of heating systems and bring it in accordance with the laws and regulations of
the state.

2.2. Heat Planning as a Way to Overcome the Crisis

An analysis of the main regulatory documents has demonstrated that on the one hand the
goal of the state policy in the field of heat supply is reliable and quality heat supply, while on
the other hand, this requires an additional study on the mechanisms to achieve the set goal,
and a number of crucial documents such as Strategy of Russia’s heat power industry
development, a methodological framework to plan the industry development and design the
heat supply Schemes.
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The current situation in the heat supply calls for alterations not only in the legal documents
but also in the management of DHS development and operation, including a change in the
structure of the systems, composition of heat sources, technology of operation, a system of
tariff setting, organization of heat supply, etc.

Therefore, an essential component of the enhancement of heat supply efficiency and
quality is rational planning in all the stages of life cycle of the DHS.

Life cycle of DHS and its elements from an idea of its construction to the expiration of its
service life can be represented by the following main stages [35], [36]:

Long-term forecasting for the period of 25-30 years (development of sections on heat
supply in general plans of cities and schemes of district planning, industrial forecasts
of heat supply expansion, section in the energy strategy of the country);

Long-term planning for the period of 15-20 years (development of a long-term target
complex program and a technical and economic report on the national heat supply,
development of general plans of cities, detailed planning);

Prospective design for the period of 10-15 years (development of schemes for
development of the industry and heat supply patterns for various territorial entities);
Medium-term planning for the period before 5 years (development of supporting
materials, design);

Construction and erection;

Operative planning for the next heating season;

Operation of the system (a standard service life of the main components of DHS is
30-50 year);

Disassembling of heating system components after their service life expiration.

The extent to which the individual issues of heating system development are studied
depends on the time levels of their consideration. Planning of DHS development is focused
on the issues interrelated with one another both in one calculation period and in various time
periods. This is how the horizontal (object) and vertical (time) structures are viewed.
The scope of the problems of heating system development is presented in Table 1.

TABLE 1. SCOPE OF THE OPTIMIZATION PROBLEMS OF HEATING SYSTEM DEVELOPMENT

Heating system

Time level Heat and electricity Heat sources Heat networks
consumption

30 years Projection of national, and Projection of the heat output by the Predictive estimation of the heat
regional heat consumption sources with focus on the share of network extension and heat
Projection of national and cogeneration plants losses
regional electricity Target indicators of effective heat Aggregate estimation of
consumption source operation required investment in the

Predictive estimation of the construction and modernization

environmental impact of heat sources  Of equipment

20 years Projection of national, regional Projection of heat output by type of Planning of target effectiveness

and urban heat consumption sources for regions and cities indices of heat network
levels with focus on the main  pjanning of conditions and type of operation

consumer groups. Forecast of  yrban fuel supply Preliminary choice of heat
national, regional and urban Zoning of the urban territory by type ~ Carrier parameters

electricity consumption of heat supply Assignment of sites for the

Planning of sites for allocation of heat ~allocation of heat network
sources in a city in the district heating  infrastructure facilities
zone
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Heating system

Time level Heat and electricity Heat sources Heat networks
consumption
Planning of target effectiveness Aggregate estimation of capital
indices of heat sources operation investment in heat networks
Aggregate estimation of capital Assignment of supposed sizes of
investment in the heat sources sanitary protective zones for the
Assignment of supposed sizes of facilities of heat network
sanitary protective zones of heat infrastructure
sources
15 years Projection of levels and Specification of district and individual Assignment of directions for the
structure of urban heat heating areas in the city territory routes of the main heat
consumption Preliminary determination of the transmission pipelines
Projection of urban electricity number and sites for allocation of Aggregate estimation of capital
consumption levels cogeneration power plants and boiler  investment in the heat networks
Determination of prospective ~ Plants Determination of sanitary
areas for housing development Choice of a fuel type and assessment  protective zones for facilities of
and heat load of a city of fuel supply conditions heat network infrastructure
Choice of the main equipment of
sources and their limiting power
Determination of sanitary protective
zones for heat sources
Preliminary selection of a site for ash
and slag disposal where necessary
Aggregate estimation of capital
investment in heat sources
Determination of effective heat
supply radii for the sources
10 years Estimation of heat load levels  Determination of the number and Rational tracing of main heat
and structure by district of a order of commissioning cogeneration  transmission lines
city plants and other heat sources ina city  selection of a type of
Calculation of heat loads for Selection of equipment for heat connection to the network
large industrial enterprises, sources in district heating system and  (dependent or independent)
social facilities and population  time of commissioning Selection of optimal parameters
Electric load of a city Selection of heat sources for of heat carrier
External electrical tie lines decentralized heating area Assessment of heat supply
between a city and the Unified Assessment of existing heat sources,  reliability
energy system the need for their reconstruction, Determination of an order for
modernization expansion or the construction of heat
enlargement pipelines
Determination of centralization levels  aggregate assessment of
of urban heat supply investment, material and labour
Preliminary calculation of demand for resources
each fuel type
Aggregate assessment of investment,
material and labour resources
5 years Determination of heat loads of Determination of order for Optimization of tracing the

residential areas, industrial
enterprises and other facilities
Other information necessary
for design

commissioning of the heat source
equipment

Optimization of a thermal scheme of

the cogeneration plant
Determination of the order for

removal of equipment and inefficient

heat sources from service

networks and sites for pumping
substations and other facilities
of the network infrastructure
Calculation of heat carrier
parameters
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Heating system
Time level Heat and electricity Heat sources Heat networks
consumption

Assessment of reliability of heat Determination of time and order
sources for consumer connection to
Determination of optimal level of heat heating systems
supply centralization in a city Determination of conditions for
Calculation of consumption volumes ~ connection of the consumer to
for each fuel type; Assessment of the heating system
electricity generated in a cogeneration Calculation of hydraulic
cycle conditions in the heat network
Assessment of investment and Assessment of reliability of the
feasibility studies of projects heat network operation
Assessment of material and labour Determination of the heat
resources pipeline laying types, method of

insulation and choice of the
main construction structures
Assessment of investment and
feasibility studies of projects
Assessment of material and
labour resources

The documents concerned with the issues of energy planning and heat supply development
in particular are based on the following input information [6], [29], [32], [37]—-[41]:

Normative regulatory acts of the public authorities of relevant entities of the Russian
Federation and bodies of local governments on regulation of city construction
activities, land management, protection of natural resources, monuments of history and
culture and on the issues of heat supply and tariff setting;

Cartographic information;

Strategies (programs) for development of individual economic branches, priority
national projects, interstate programs, programs for social and economic development
of the entities of the Russian Federation, plans and programs for comprehensive social
and economic development of municipal entities;

Statistical and other information.

According to the requirements presented in the regulatory documents [3], [6], [29], [34],
[38], [39], the following activities should be performed on a city plan:

Describe existing and prospective zones of individual heat sources;

Describe existing and prospective areas of DHS and heat sources;

Calculate effective heat supply radius to determine the conditions under which the
connection of new heat consuming plants or those increasing heat load to the DHS is
ineffective due to an increase in the total costs in the considered system per unit of
heat capacity, determined for the service area of each heat source;

Describe the preserved and designed transmission networks of the engineering
infrastructure, i.e. water pipeline, sewage, heat supply, gas supply, etc., mark the sites
for their allocation;

Describe the main technical and economic indices of the general plan of the settlement,
including the volume of heat consumption, output of district and local heat sources,
extension of heat networks.

To fully perform the indicated tasks, the methods intended to plan heat supply development
should meet the following requirements:
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— Consider external and internal factors that influence the development of heat supply to
the settlements (climatic conditions, fuel supply, specific features of laying the
pipelines, consideration of the existing part of DHS, etc.);

— Ensure operability under uncertainty of the initial information;

— Have accuracy of the model, sufficient for the greatest approximation to the properties
of a real-world system to be modelled;

— Provide the necessary accuracy of calculation results;

— Be universal (this characterized the completeness of reflecting real object properties
in a model);

— Be simple and convenient for use.

For successful accomplishment of the set goals to plan the development and operation of
heat supply it is necessary to intensify the cooperation among all the participants involved in
heat supply, including not only heat supply entities, consumers and State, but also design and
scientific organizations. The solutions to be obtained by the latter will be the basis for the
investment programs and programs for the development of the industry. Conceptually, the
life cycle stages in a simplified form include the following: forecasting, planning, design,
construction and operation.

State adopts the documents that regulate the activities of the stakeholders in certain stages
of the life cycle of DHS, establishes the order of relations between all participants in the heat
market (in particular establishes the responsibility of heat supply organizations to the
consumer in case of breaking their obligations, responsibility of scientific and design
organizations for the quality of the developed projects, and responsibility of consumers for
untimely payment of the heat supply services). The State also develops and implements the
measures to stimulate the use of renewable energy sources, carries out the explanatory work
with population, approves the boundaries of land areas for construction of heat sources and
network infrastructure facilities. First of all, the authorities approve the vector of further heat
supply development. Therefore, it is necessary to develop and annually update the state
program for heat supply development in Russia.

The scientific organizations are involved in the development of mathematical models,
applied methodology and computational tools for solving the problems presented in Table 1.

The projection of electricity and heat supply is made based on the following data: the
number of population, area of buildings, volume of industrial production, specific indices of
energy consumption for various industries, etc. To make the calculations it is necessary to
analyse retrospective data on all indices, consider the data, assumed in the forecast of
socioeconomic development of the country and regions, and coordinate the forecast with the
conditions of fuel supply in the region. To solve the optimization problems, the mathematical
models are constructed and the methods of linear and nonlinear programming are employed.
Moreover, they develop and/or assess the effectiveness of the adoption of new technologies
[42], [43] and smart energy equipment in DHS [44]. The scientific organizations cooperate
with the authorities to develop the regulatory documents aimed at assessing the effectiveness
and viability of the decisions made by the State.

The design and construction organizations are involved in the engineering studies,
development of design estimation documentation for concrete projects in the field of heat
power industry, coordination of the project with inspecting bodies and experts, and monitor
the project both during the construction of a facility and during its operation.

Heat supply companies are involved in solving the entire cycle of problems because they
bear responsibility for providing quality and reliable heat supply to consumers. Each heat
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supply company develops their own investment program that should include the results
presented in the Scheme of urban heat supply.

The consumer is the main participant in the heat market, because they set demand for heat.
The system of district heating cannot function without consumers. In turn, the consumer has
to timely pay for the heat supply services, rationally use energy resources and meter their use,
and in the case of transition to the next generation DHS, submit short-term and long-term
forecasts of heat needs. It is worth noting that in all the stages of DHS life cycle the interaction
of all stakeholders is organized harmonically. We propose basic principles of interaction
between heat market participants.

State and heat supply entities interact with all stakeholders. Thereby, the scheme may have
no direct relation between the State and participants, this relation though is implemented
through the regulatory acts, and meet the requirements. Design organizations develop design
documentation for the projects and solutions obtained from optimization calculations.
The consumer can also use all their services while organizing their own heat supply

Primarily, the construction of efficient and reliable heat supply systems is connected with
the development of measures of municipally heat supply scheme reconstruction and includes
a set of tasks. These tasks can be divided into three stages, as it is shown in Fig. 1.

/ STAGE 3

Selection of the optimal development r-3\.)[ Approval (validation) of ]
scenario of Heat Supply System § the heat supply scheme

-+

Evaluation of economic and Formation of heat market
energy efficiency of HSS (:"“'1 development scenarios for the
development scenario mumcnpallty

< P

\&
/ STAGE 2

The problem of the Heat Supply
System development :
- development of heat capacities;
- reconstruction and development
of heat networks;

- energy saving;

- energy efficiency improvement,
etc.

Operation indicators of the Heat
Supply System:

volume of production and

consumption of heat energy;

fuel consumption;

heat losses;

deficiency/excess heat

capacity, etc.

-

Heat balance of the municipality (current and prospective) ]/

i “r “r
STAGE 1

Assessment of the existing and future of the socio-economic state of the
municipality

7T e

Forecast of population, Analysis of promising
construction and commissioning development direction of industrial
of new building areas and cultural facilities of the municipality and
facilities their construction

Fig. 1. The methodology of design efficient and reliable heating systems.
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Stage 1. Data on the population's appeal to energy supply companies are processed to
identify negative situations in the field of heat supply. A search and analysis of bottlenecks
in the heating system is performed. Work with the population on the formation and
management of their demand [45] from the standpoint of energy saving should be carried out.
Mechanisms and incentives are being developed to achieve the goals. The analysis of current
and prospective heat loads (considering the input of residential buildings and social facilities)
is carried out in order to develop measures for the reconstruction and development of the heat
supply system. Socio-economic research is being conducted. The availability of heat supply
for the population is estimated. All this may affect the development and quantification of
measures to modernization and reconstruction of the heat supply systems. Industrial heat
consumption potential taking into account new industrial facilities in the municipality is
estimated. Strategies for the development of the heat supply system of the city with the choice
of priority technologies and equipment are being selected. The development plan of
municipality territory is being corrected in order to reveal possible locations of heat supply
system objects.

Stage 2. A balance of heat energy is being drawn up. Heat consumption and production are
calculated. The level of transmission heat losses is estimated. The excess or deficiency of
heat capacity is determined for such cases as rising or falling demand of heat energy in the
future. On the basis of heat balances, technical and economic assessment of the heat supply
system is carried out. Such assessment should include:

— Calculation of costs of the development of existing heat capacity in the conditions of
their shortage;

— Determination of optimal directions for the reconstruction and development of heat
networks with an assessment of the costs of their implementation;

— Determination of optimal zones of centralized and decentralized heat supply in a given
territory;

— Development of an energy saving program to increase the efficiency and
competitiveness of the production and use of heat energy in the heat supply system;

— Justification of the economic feasibility of construction of new or renovating existing
heat sources;

— Calculation of reliability of heat supply system.

Stage 3. Composition of the proposed options for the development and reconstruction of
the heat supply system is formed and the optimal one is chosen. Choice of the optimal variant
for the development of heat supply system in market conditions is inappropriate to carry out
by the criterion of the minimum total costs of the system. In modern conditions, heat supply
industry is represented by many owners, which have their own interests. To owner was
interested in the development of their assets, it is necessary to stimulate. According to the
theory of microeconomics, such an incentive can be the maximum profit when making
decisions on the management of the functioning and development of the heat supply system.
Due to the individuality of the economic, energy, territorial conditions in each of the
considered municipality, the modelling of heat energy demand is a separate important
problem and requires a deep and thorough analysis of the current situation for a specific heat
supply system. This will allow correct and adequate planning of activities for the functioning
and development of the heat supply system.
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3. DISCUSSION

In Russia there is no single developed document like the Heat Supply plan in Europe.
Moreover, Russia’s energy strategy does not pay due attention to the heat supply problems.
There are no approved methods on heat supply planning at any of the levels: urban, regional,
national.

Consequently, developers employ available methods, which are in some cases reduced to
an analysis of current situation in heat supply without development of projects for
modernization of energy infrastructure, without the cost-effectiveness assessment of the use
of a district or individual heat supply in the city districts under construction, etc. Although, to
develop strategic documents in the field of heat supply it is first of all necessary to determine
the conditions under which the construction and operation of DHS will be economically
viable, make maps of heat load density, identify the zones of district heating and decentralized
heating, and determine the zones of cost-effectiveness of each source in the zone of district
heating.

Of a special concern is organizational approaches to the selection of those who will
implement the strategic regional and municipal documents. According to [46], the local
authorities are obliged to hold an open competition in the development of a heat supply
scheme. The participants in the competition can be any organizations that meet the announced
requirements to the contractors. This however has the downsides because not always the
organization from another region can consider local features of DHS development within tight
deadlines. On the other hand, not all the cities have the organizations that have sufficient
experience in the development of such projects. Thus, the quality of the developed documents
does not always meet the required level. This problem can be solved by introducing long-term
(5 years) contracts for development and update of the heat supply scheme in each city, and
by making a ledger of unscrupulous contractors. This, however, requires a change in the
current legislation.

4, CONCLUSIONS

Currently the heat supply of the country undergoes reformation. This implies changes in
the structure of management, principles of system construction, technologies of operation,
tariff regulation, etc. The reforms aim to enhance the efficiency, reliability, and quality of
heat supply to consumers. According to the regulatory acts currently in effect in Russia, heat
power industry is placed under obligation to develop the documents of prospective design,
and this requires advancement of a methodological framework, and organizational and
economic decisions to be made. There is also understanding of the fact that the successful
management of the DHS development for different time horizons is of great social and
economic importance. Positive changes can be achieved by making economically and
environmentally informed decisions to plan, design and operate DHS. Application of
comprehensive methods for solving stated problems at all temporal stages of DHS
development will improve the efficiency of heat production, transmission and consumption.

Heat supply should be planned on the three territorial levels: country, region and district.
This is explained by the interaction of the heat power sector with other energy systems and
fields of economic activity. Planning the expansion of electric power systems should consider
the effectiveness of cogeneration power plant operation and be oriented toward an optimal
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coefficient of cogeneration. It is difficult to forecast the development of social and economic
sphere without considering the capacities of heat and electricity supply to consumers.

Planning and design of urban DHS represent a complex problem [47]-[50]. The way how
it is accomplished depends on both the scales of the required capital investment in engineering
equipment of developing cities and appropriate working and domestic conditions in these
cities, in particular through the measures aimed at protecting the atmosphere, soil and water
bodies from pollution, and providing the required level of comfort and reliability of heat
supply.

All things considered, the effective legislation in the field of heat supply should be
supplemented with the appropriate methodological framework. Moreover, it is necessary to
regularize the rules of interaction between all the heat market participants within the law “On
heat supply” since this will enhance of the efficiency of the industry management. There is a
need for reforms in the system of setting heat tariffs and charge for connection to the heating
systems to liberalize the pricing, foundation of adequate investment funds to m carry out
modernization and development of systems. At the same time, all these should ensure
readiness of the consumer to receive heat and opportunity to pay for it.

District heating objectively has technical and economic advantages in countries with a cold
climate and it is the basis for the creation of innovative systems with the appropriate state
policy. However, it is necessary to regulate the operation of the decentralized heating sector,
especially the environmental aspects. The paper lays stress on the need for cooperation of all
participants in heat supply: consumers, heat supply enterprises, the state and science, because
transformations of DHS should not only be cost-effective, but also stimulate further
modernization of the systems. In turn, available quality heat supply to consumers will provide
a positive social effect as heat supply is a socially important industry in Russia.
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