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CENEf Center for Energy Efficiency (Russia)
CHP combined heat and power

DH district heating

DHS district heating system

ESCO energy service company
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Introduction

This paper summarizes Russia’s experience in the urban heating sector gained during the
transition period and provides some vision of how it should evolve in the future. The
findings presented below are well illustrated by numerical case studies, which are mainly
not taken from the literature, but rather from CENEfs projects to upgrade distinct heating
systems in several regions in recent years. Lots of data used in the case studies were
collected during energy audits of district heating systems, in the process of metering or, if
provided by third parties, carefully verified by CENEf.

Conclusions and suggestions are based on 14 years of CENEfs experience in promoting
energy efficiency in Russia’s district heating sector, which includes development of several
regional and more than 60 municipal district heating investment programs. Some of them
were developed in the framework of the programs of the International Bank for
Reconstruction and Development, European Bank for Reconstruction and Development,
U.S. Agency for International Development, United Nations Development Programme, and
Technical Assistance to the Commonwealth of Independent States. Others were accomplished
under contracts with Russian regional or municipal authorities, or with private investors,
who have recently moved to the district heating sector. Most illustrations presented in this
paper are for municipalities in Khanty-Mansiysky Autonomous Okrug - Ugra, Sakhalin
oblast, and for the cities of Berezniky, Cherepovetz, Vorkuta, and Norilsk.

The paper includes three sections. All major findings are listed in the first section, so those
who do not need sophisticated explanations, may stop right after that. Section 2 describes
the experience and recent status in Russia’s urban heating sector; while Section 3 explains
ten steps are to be taken to reform Russia’s DHS markets. These ten steps are not pure
theory; they are already adopted and serve a basis for heat supply upgrade programs in all
113 municipalities of Khanty-Mansiyskiy Autonomous Okrug - Ugra, the city of Berezniky,
and some other Russian municipalities.



1 Summary for Policy Makers

The Russian heating sector is regularly ignored when national energy policies are
discussed, even though it accounts for about 45% of all domestic energy consumption, and
for about 50% of fossil fuel use. It represents one the largest single product market in
Russia split into more than 50,000 local markets with US$ 36 billion annual sales, US$ 10
billion potential annual savings costs, which are available with US$ 50 billion efficiency
improvement investments. Presently, only US$ 500 million are invested annually for this
purpose. At such rate, it will take Russia 100 years to implement the costs reduction
potential.

Neglecting reforms of the hat sector cause problems fro the entire country: every
year, federal, regional, and municipal authorities face problems related to ensuring reliable
heat supply during the heat supply season (about US$ 3 billion are spent for this purpose
annually) and to addressing numerous emergencies (another US$ 3 billion annually). In
2005, heat tariff growth was accused of being a driving force for country-wide inflation.

Any country-wide averages or statistical aggregates should be considered against
the background of amazing diversity of heat supply system in Russia: the heat
supply season in Russian cities lasts from between 3,000 and 12,000 degree-days; with
overall DHS efficiency varying from a Helsinki-like level to as low as 25%. Heat tariffs
range from 4 to 250 US$/Gcal. Systems are dominated by industrial or residential
consumers, and range from completely centralized to completely decentralized systems and
from completely municipal to wholly private-owned.

The Russian district heating system is the largest in the world: it includes 485 CHP,
over 190 thousand large boilers, 22 thousand central heating points, 183 thousand km of
heat pipes. Its heat sources annually generate about 2,300 million Geal, with boilers
dominating in heat generation, while the share of CHP accounts for 30%.

The average fuel efficiency of district heat generation is 71%, and heat
transportation and distribution losses are over 20%. Heat supply to residential and
public buildings is responsible for about 75% of all heat losses. The share of buildings in the
overall heat end-use approaches 50% and is higher than that of the industrial sector, which
1s only second largest heat consumer.

In spite of their diversity, many DHS in Russia face a common set of problems:

* substantial excessive supply capacity;

* excessive estimates of consumer heat loads;

e excessive centralization of DHSs;

¢ low density of heat loads and a corresponding high level of distribution losses;

e alack of heat supply parameters regulation;

* an absence of effective cost allocation procedures and misleading indicators for
investment decisions to rehabilitate different parts of DHSs;

* a lack of clear dominance of reliability criteria in assessing DHS managers’
performance; and



* a lack of incentives to improve efficiency and shortage of qualified personnel,
especially in small-size heat supply systems located in small towns.

The controversy of centralization versus decentralization is a major factor driving
the future for CHP in Russia. Unlike in many other countries, which support CHP, the
present and the future of CHP in Russia are gloomy. There is no specific policy to support
CHP throughout the power sector reform. Demand for heat generated by power utilities’
CHP is gripped in a competition vice between declining demand (competition from energy
efficiency and other energy carriers) and growing alternative heat supply by autonomous
boilers and small modern industrial and municipal CHP. This released a sear spring and
triggered the cost escalation mechanism. Both heat and power generation costs started
their mounting curves.

There is a mosaic of different institutional models and settings in Russian district
heating markets across the country. The share of the private sector in DHS ranges from
100% to none, and declines as one goes along the heat supply chain from generation to
distribution. Municipalities predominantly own DHS facilities, and are increasingly leasing
them to private operators. In some cases they transferred ownership of some parts of
DHSS to private companies. Sometimes municipal DHS facilities are sold to cover debts for
heat provided by public power utilities. The part of the Russian business community that
has moved to DHS employs two different strategies to penetrate the heat market. The first
one may be described as “wide regional coverage first — learning-by-doing next”. The
alternative strategy, employed by “Novogor” company and some others, is different:
“learning-by-doing first — scale up activities next”. The second strategy appeared to be more
effective. However, so far there is not enough evidence that private companies are more
efficient operators of DHSs than municipal ones.

The whole DHS system is not well institutionalized to motivate heat costs
reduction and end-use efficiency improvement. There are no bad habits, but there are
bad incentives and bad market structures! In Russia, those who are capable of improving
energy efficiency often have no wish to do so, and those wishing have no capabilities.
Motivation is a key to “swallowing up” best practices by the district heating and building
sectors.

The institutional organization of end-users in the housing sector is one of the most
serious problems. It is not quite clear, what exact market product is on sale (comfort or
resource), and how the customer is defined. A relatively simple market transformation is
needed to replace the existing situation with the one in which heat comfort is on sale. It
requires introducing certain agents to the market to perform the ECSQO’s function, i.e. to
buy resource and turn it into comfort to then sell to residents. This scheme requires a
specific system of metering and billing, current systems are to be supplemented with
building level heat meters, or better, individual heating points, which would allow not only
for metering, but also for regulation. An alternative system, individual households-
consumers, creates a lot of problems related to heat billing in multi-family buildings, which
are designed for a collective consumer. While many experts aggressively support transition
to flat-level heat meters (allocators), this is not a cost-effective solution.

Heat metering programs are to be well tuned to the desired institutional market
scheme allowing for transition, where necessary, to billing for really consumed and



metered heat or comfort service, to more accurate consumption norms for consumers who
are not equipped with meters. For buildings with heat load below 0.2 Gcal/hour, potential
savings will never cover meters service and maintenance costs. There is a potential trap:
high tariffs urge installation of meters and heat consumption controls, which, in its turn (Gf
heat supply company’s costs are not reduced), becomes a driver for tariff growth in the city.
Importantly, heat consumer’s behavior is not well known.

Heat costs and tariffs in Russia vary widely across the country: from 4 to 250
US$/Gcecal. The prices for heat provided by regional power utility companies is set by
Federal Tariff Service, a government agency. Heat prices are set for two coming years in
the form of minimal and maximum caps. That provides some predictability of heat price
evolution. The final price level is established by Regional Energy Commissions (RECs).
These commissions also set prices for heat generated by industrial CHP and boilers. As a
rule, municipalities are not responsible for setting heat prices any more. The heat tariff
setting system was supplemented in the very end of 2005 with the heat tariffs growth caps
established for each region by the Federal Tariff Service to control country level inflation.

According to the new regulation enacted in 2004, heat generation and
transportation costs are unbundled, and heat suppliers are eligible for investment
price component to partly finance investment programs coordinated with
municipality. However, heat pricing is still a hostage of the ineffective heat costs
allocation rules and poor knowledge of price sensitivity of both producers and consumers.
Heat prices are set with no account of the remoteness and size of customer, or any seasonal
flexibility. The heat tariff menu is poorly populated, so both suppliers and consumers are
facing lack of tariff flexibility.

After heat subsidies were basically eliminated in 2004-2006 (with some exceptions
still left over), urban residential consumers pay 20-50 US$/Gcal. Prices for
residential heating and hot water vary widely throughout the country mirroring not only
supply heat price differentiation, but also different specific heat consumption for space
heating and DHW supply. Space heating and DHW are presently responsible for about 40-
75% of overall housing and municipal utility costs. So heat price escalation is an important
driving force pushing housing and municipal utility costs beyond the affordability
thresholds and pushing down collection rates.

Heat pricing policy is locked into the narrow range of affordability thresholds and
high production costs supplemented with a need to finance modernization
programs. The key for this lock is heat costs reduction through optimization of the DHSs
structure and improvement of their energy efficiency.

Poor municipalities are able to supply only 50% or less of required heat to
consumers, keeping their indoor comfort much below the required level. They
reduce the duration of the heating season, and/or heat supply temperature. Low quality
services are often billed for, as if normative heat supply services are being provided.
Obviously, this leads to a low payment discipline.

Low payment discipline makes municipal heat sector less attractive for investors,
and reduces the role of economic methods in managing this sector.



Lack of attention to this sector on behalf of the federal government is a barrier to
further reform. The responsibility for providing reliable heat services to consumers was
delegated to municipalities, and there is no federal agency responsible for promoting
heating sector reform proposals through the government and the legislature. If this reform
goes too slow, the private sector may lose interest in entering the heating sector, and this
sector may then further degrade.

The need for changes in the district heating sector remains strong. There is a
definite progress in reforming heat supply sector in Russia, but often progress is too slow
and sometimes reforms push the sector in the wrong direction. CENEf proposes the
following ten steps to continue reforming Russia’s DHS sector:

1.

Mandatory development of sustainable municipal energy plans with specific
sections on heat supply. It requires the preparation of guidelines on how to develop
and monitor such plans, and on how to do the city centralized and decentralized heat
supply zoning, as well as establishment of investments rules in accordance with
such zoning and municipal energy plans.

“Menu” of well-designed heat market models for municipalities to select from,
with all needed regulations and tools available to launch these models. Russian heat
supply systems in all aspects are too diverse to use the “one-size-fits-all” approach.
Selected heat market model should fit specific conditions of a particular
municipality.

Establish a system of indicative planning of DHS companies’ activities using
the municipal heat supply optimization, reliability, efficiency, economic, and quality
of service indicators (standards). DHS companies are to sell positive dynamics of
these indicators to the municipality.

Transition, where necessary, to billing for really consumed and metered
heat, and to more accurate consumption norms for consumers not equipped with
meters. Avoiding a blind “metering everything and everywhere” policy, tuning
metering programs to the selected heat market models and institutional form of
market agents.

Turning heat consumers into heat comfort buyers. This is can be achieved by
clearly separating two products (heat resource of given quality and heat comfort),
selecting a correct institutional form and size of the collective customer (city-wide,
building-level, or single household), setting up Associations of communal services
payers (ACSePs), and Home Owner Associations (HOAs), and attracting ESCOs on a
competitive basis to provide the least-cost heat comfort.

Launching “profits-from-savings” mechanisms to generate a revenue source to
repay DHS rehabilitation investments after affordability limits are approached or
exceeded, and further heat tariffs growth lead only to the decline of collection rates
or quality of service.

Providing more operational flexibility and stable market rules to DHS
companies irrespective of their form of ownership. Making the district heating
sector attractive for both private sector and municipal companies by improving the



market environment, making the market rules transparent and stable and changes
predictable.

8. Careful evaluation of affordability limits while developing pricing policies and
eliminating cross-subsidies. Shifting from control of heat tariffs alone to account of
customers’ purchasing power and meeting affordability thresholds. Better energy
efficiency allows it easier to meet affordability thresholds under given heat prices.

9. Make heat pricing more flexible with transition from the “cost plus” principle to
sustainable “upper limits” tariffs, given transparent correction rules set by the
“pricing formula”. Allow for seasonal adjustment and competitive formulas of CHP
cost allocation. Better learn how price signals impact supply and demand sides of
the market.

10. Develop powerful information instruments: “IKEA-like” prefabricated technical
and managerial guidelines. Remove poor communication barriers and educate
market agents and DHSs.

2 Present Status of Russia’s Urban Heating
Sector

2.1 THE ROLE OF THE HEATING SECTOR IN RUSSIA’S
ENERGY STRATEGY

Russia is a cold country: in some municipalities heat supply season lasts “only” 3,000
degree-days, while in others it is 12,000 degree-days. The situation in the heating sector
differs so much across the municipalities, that often it is hard to describe the general,
country-wide situation in the heating sector. In many localities, there is no “winter” or
“summer”, but rather a “white winter” and a “green winter”, and heat supply season lasts
for 9-10 months. Therefore, bread and heat are two life-sustaining products, and it is quite
strange that the heating sector is regularly ignored, when energy and GHG mitigation
policies are discussed in Russia, while it accounts for about 45% of all domestic energy
consumption, and is close to 50% of fossil fuel use. It represents the largest single product
market in Russia, which 1s split into more than 50,000 local markets with US$ 36 billion
annual sales, and US$ 50 billion efficiency improvement investments potential, but with
only US$ 500 million annual investments in the beginning of the 21st century. At such
pace, it will take Russia 100 years to release the potential.

While this sector is ignored strategically, it takes revenge tactically. Every heat supply
season, the former Gosstroy, and currently the Federal Agency for Construction and
Housing and Communal Sector, which is under the RF Ministry of Regional Development,
has to permanently control, first, preparation for the heat supply season, and then the
functioning of municipal life support systems through the season itself. For the heat supply
season preparation alone, in 2005, all-level budgets allocated over US$ 3 billion (of which
USS$ 1 billion was provided by the Federal government). However, such allocations do not
help avoid about 100 large-scale municipal-level accidents every heat supply season (only a



quarter of these originate from natural calamities) all over the country, not to mention
smaller ones!. No data is available on the costs of fixing these accidents and emergencies in
district heating systems, but they may be estimated at US$ 3 billion. Although the heating
sector 1s determined as municipal government responsibility, given the centralization of
local financing and the administrative power process underway in Russia, all-level agencies
face, and are preoccupied with, daily DHS reliability problems, missing strategic decisions
which would help reduce, or completely remove, the pressure of preparation for and
surviving in heat supply season.

2.2 RUSSIAN DISTRICT HEATING INDICATORS
Russia’s Heat Balance

While considerable progress has been made to improve metering in DHSs, heat pricing in
Russia is a mystery of heat quantities and costs. There still is not enough knowledge in
many DHSs on numerous key factors:

¢ how much fuel was delivered to the boiler house;

¢ what the real efficiency of heat generating equipment is;
* how large real heat losses and heat loads are;

* how they would evolve in the foreseeable future;

* how much heat was really consumed; how much electricity and gas is used to make
up for low quality heat supply;

e and how much debt was accumulated for heat which was billed for, but never
generated?

There is no reliable statistics on district heating in Russia. Different sources report
differently on the size and structure of Russian heat market. Some sources include only
large CHP and boilers? (over 20 Gcal/h), while smaller boilers are regarded as final fuel
consumers. Other sources report heat generation from small boilers. Inclusion of small
heat sources is important, as competition to large-scale heat supply systems from smaller
ones is growing. It should be admitted, that efforts to develop Russia’s heat balance still
present a fuzzy picture (see Tablel).

Boilers dominate heat generation with CHP accounting for 30%. Average heat losses are
20%, with those attributed to smaller DHSs equal to 27%. About 75% of all losses originate
from serving residential and public buildings. The share of buildings in the overall final
heat consumption has surpassed the industry and went up to 50%. Industry has become
only the second largest heat consumer. In 1995-2001, industrial heat consumption fell by
36%. But even in 2000-2001, industries consumed about 50% of heat generated by CHP. On
the contrary, residential and commercial heat demand was almost stable. About one third
of the heat in the residential sector is generated by individual boilers or heaters. Data on
this sector of heat market are least reliable.

1 During 9 days in September 2005, in Krasnoyarsk alone there were 36 emergencies in the heat
supply system. See “Novosti Teplosnabzheniya”. [ 10, 2005.

2 See for example Coming In From The Cold. Improving District Heating Policy in Transition
Economies. OECD/IEA. 2004.



Heat Supply: Key Performance Indicators

Major general, country-wide indicators of heat supply system are presented in Table 2.2 to
illustrate the scale and general efficiency of the system, which includes 485 CHP and over
190 thousand large boilers, 183 thousand km of heat pipes, and is a US$ 36 billion annual
sales market.

Table 1. Russian Heat Balance. 2000-2002 (million Geal)

Industrial and

Public ut%lity e IndiYidual Total
companies boilers boilers
Generation 1,515.7
CHP 680.0
RAO EES Rossii 494.0 613.2 170.7 2,299.6
Industrial CHP 176.0
Own use 52.7 21.2 73.9
Sold to network 1,463.0 592.0 170.7 2,225.7
Heat losses 284.7 157.0 0.0 441.7
Share of heat losses (%) 19% 27% 20%
Heat losses attributed to
Industry 74.0 17.0 91.0
Agriculture 8.8 3.6 12.3
Residential buildings 61.4 86.0 147.4
Public buildings 105.3 48.4 153.7
Other 35.1 2.1 37.2
Final heat consumption 1,178.3 435.0 170.7 1,783.9
Industry 599.0 96.4 695.4
Agriculture 49.7 20.2 70.0
Residential buildings 143.4 200.6 170.7 514.6
Public buildings 245.8 112.8 358.6
Others 140.5 4.9 145.4

Sources: Calculated by author based on sources available in different publications including
L.Chernyshov3, A. Nekrasov, and S. Voronina4 and other sources.

There is a noticeable relatively low fuel efficiency of district heat generation (71%) and high
heat transportation and distribution losses (20%, but according to some other estimates

3 L. Chernyshov. The country is preparing for winter. “Energosberezhenie”, (15, 2001.

4 A. Nekrasov and S. Voronina. Status and perspectives of district heating in Russia. “Energy,
Economics, Techniques, Ecology”. No. 10, 2004.



even 31%5%). So, at least, 50% of fuel used in the district heating sector is lost in heat
generation and transportation. The large variety of heat tariffs throughout the Russian
Federation is determined, on the one hand, by cheap industrial waste heat sold to
neighboring cities, on the other, by very expensive heat generated using liquid fuels in very
remote locations in the Far East and Far North.

There 1s noticeable relatively low fuel efficiency of district heat generation (71%) and high
heat transportation and distribution losses (over 20% and according to some other
estimates even 31%°6). So, at least 50% of fuel used in district heating sector is lost in both
heat generation and transportation. The average picture hides the contrast in overall DHSs
efficiency is different Russian municipalities (Figure 1). It stays close to that in Helsinki in
Pokachi or Nizhnevartovsk and in many other cites, but in Cholmsk over 75% of fuel energy
is lost both in combustion and heat transportation processes.
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The share of losses during fuel combustion and heat transportation

Figure 1. Efficiency of different district heating systems in Russia, as measured by
energy lost during fuel combustion and heat transport

Table 2 represents key heat supply performance indicators for several DHSs taken as case
studies and displayed against the background of similar indicators for urban DHS in

5 A. Nekrasov and S. Voronina. Status and perspectives of district heating in Russia. “Energy,
Economics, Techniques, Ecology”. No. 10, 2004.

6 Nekrasov A. and S. Voronina. Status and perspectives of district heating in Russia. “Energy,
Economics, Techniques, Ecology. No. 10, 2004.



several West European countries. It illustrates that there is a lot of room for performance
improvements in Russian DHSs. Many of them are still facing pretty universal set of
problems all over the country:

= Substantial supply overcapacity;

Excessive estimates of consumers’ heat loads;

Excessive centralization of DHSs;

Low density of heat loads and corresponding high level of distribution losses;

Lack of heat supply parameters regulation;

ud Uil

Lack of effective cost allocation procedures and misleading indicators for investment
decisions to rehabilitate different parts of DHSs;

U

Clear dominance of reliability criteria in assessing DHS managers’ performance;

U

Lack of incentives to improve efficiency and shortage of qualified personnel,
especially in small-scale heat supply systems located in small towns and villages.

Table 2. Russian heat market major indicators in the 2005/2006 heat supply

season

Indicator Units Volume
Combined heat and power plants Units 485
Including CHP of RAO EES Rossii Units 242
Large boilers Units >190,000
Individual heat generators and boilers Units >600,000
Central heating points Units >22,000
Heat generation Million Geal 2,300
Own use Million Geal 74
Distribution losses Million Geal 442
through insulation Million Geal 400
through leakage Million Geal 42
Distribution losses % 20%
Heat networks 1,000 km 183
Final heat consumption Million Geal 1,784
Fuel efficiency % 71.5
Total energy inputs to heat generation Million toe 323
Heat tariffs, average $/Geal 20
Heat tariffs, range $/Geal 5-100
Heat sales $ billion/year 36.0
Potential savings from efficiency $ billion/year 10.0

improvements

Source: 1. Bashmakov. Key Challenges in Developing Small-Scale Heat Generation
Installations / Market and Technology Developments in Small-Scale Heat Generation/
International Workshop, Baku, Azerbaijan, October 20, 2005.

Centralization Versus Decentralization

Excessive centralization is observed by CENEf in 75% of DHSs, which supply about 20% of
heat to the market. Decentralization often becomes attractive against the background of the



following facts revealed by CENEf during audits of more than 230 DHSs in Siberia and in
the Far East:
1) actual losses of 70% of heat supply systems are in the range of 20-70% (see Figure
2);
2) expensive maintenance of heat supply networks is responsible for about 50% of
overall DHS costs;
3) low replacement rates: annually only 2% of pipes are replaced, while the demand is
4-8%;
4) critically low physical reliability level of heat networks and high frequency of
failures (0.6-4 accidents/km/year);
5) high leakage ratio, lack or poor quality of insulation;
6) failure to ensure required hydraulic modes and to observe the temperature schedule.

Therefore, more often than not buildings are either over- or under-heated.
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Figure 2. CENEf’s evaluation of overall heat supply systems efficiency in several
Russian municipalities



Table 3. Major performance indicators of several Russian and foreign municipalities
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DHS performance indicators
g"pai?fylieserve % 58 50 20 34 39 No 3 65 42 10 26
Relative m2/ 0.
material Geal/ 226 157 80-90 | 50-70 100 185 396 138 126 <100 <100
characteristics hour
Connected heat Geal/hr
load per km of ?l?m 0.4 0.4 0.78 1.51 1.77 0.87 0.40 1.07 1.56 2.39 2.24
heating network
Heat
consumptionper | Geall | g | 44 | 183 | 442 | 512 | 142 | 098 | 264 | 1.92 3.17 | 5.00
1 m of heating year-m
network
Specific heat (1:&2119/:
consumption for degree- 29.56 | 31.13 | 34.77 | 37.75 39.4 13.60 | 27.91 | 32.62 | 24.18 28.7 23.9
space heating days)
Number of Build.
consumers per ines 13-14
cut-off g
Energy efficiency indicators
Heat generation % 85-87 | 85-93 | 88-90 93 91 85 77 62 50 92-94 90
Specific fuel kgce/ 159- | 157.5- | 1560.4- | 158- 197- 216-
consumption Geal 182.1 162 164.5 | 161.2 160 168 210 231 286
g}ﬁePShare of % 0 0 0 0 0 0 100 13 93%




Heat

transportation % 83.4 89.5 84.2 84.8 88.7 80-75 | 76-69 | 79-74 | 75-68 | 95-90 93.5
efficiency
Distribution
heat losses, % 16.6 10.5 15.8 15.2 11.3 20-25 | 24-31 | 21-26 | 25-32 5-10 6.5
including:
Heat mains % 6.0 4.0 5.8 5.2 4.8 8 10 8 9 1 1
Heat
distribution % 10.6 8.5 10.0 10.0 5.5 12 14 11 16 5 1
network
Specific power
consumption for | kWh/ | o7 o | o/ 6 | 998 | 258 | 217 | 423 | 220 | 180 | 554 7-9
heat Geal
transportation
Water System 0.4
consumption for | volume | 45.7 46.9 44.7 47.9 49.0 47.7 54.9 45.8 49.3 1 ' 0.8
0.7
DHS lyear
Heat metering
o, 0
At the source Yes/no 1}1? Yes Yes Yes 8}2}? Yes No No No Yes Yes Yes
At the cent‘ral Yes/no No No No No No No No No No Yes Yes Yes
heating point
At the end-user Yes/no Yes Yes Yes
o, 0, 0, o,
Housing stock Yes/mo % No 9% 3% 9% No No No No Yes Yes Yes
yes yes yes yes
Public buildings o o o o o
and other Yes/no 75% 68% 97% 53% 7% No No No No Yes Yes Yes
yes yes yes yes yes
consumers
Reliability indicators
Frequency of Vkm-—1 639 | 064 | 024 | 05 | 027 |NA |NA |NA | NA 0.13
accidents year
flfte%‘;fzncy of N/A |NA |[NA |NA |NA |NA |NA |NA |[NA 0.28

Automation of heat regulation




At the source Yes/no Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

(central)
At the central / 85%
local heating Yes/no No No Yes noo No Yes No No No Yes Yes

point (group)
At the end-user
(individual)
rDeI:grcut'Off for 1 pays 21 21 21 21 21 DII\I{%V 90 90 90 0 0 0
Heat losses

determined by
non-balanced % 7 3 5.7 4.3 5.2 1.9 4% 7% 7% 0 0 0.00
demand and

supply

Yes/no No No No No No No No No No Yes Yes Yes

Heat supply modes dispatch

At the source Yes/mo Yes Yes Yes Yes Yes No No No No Yes Yes Yes
In the heating No No No No No No No No No Yes Yes Yes
network
At the central /
local heating Yes/no No No No No No No No No No Yes Yes Yes
point
At the end-user Yes/no No No No No No No No No No No No No
Sources: Reports on energy audits of several Russian district heating systems located in Khanty-Mansiysky Autonomous District
- Ugra (Khanty-Mansiysk. Urai, Raduzhny, Nizhnevartovsk, Nefteyugansk) and Sakhalin Oblast (Nevelsk, Okha, Uglegorsk,
Holmsk); A. Nuorkivi. Institutional Handbook for Combined Heat And Power Production With District Heating. December 2002.
Prepared for BASREC, Helsinki Energy. Annual Report 2004; CTR Annual Report 2003; Copenhagen Energy. Annual Report
2002.




The investments needed to bring heat networks to the required performance levels are
estimated at US$ 25-30 billion?; however, real investments are much lower, leaving
performance of DHS poor. The result of this is that centralized heat supply systems are
continuously loosing their market niches. There are cities with completely decentralized
heat supply (see Box 2.1). But even where centralized systems dominate, they are loosing
part of the market to small local or individual building- or flat-level boilers. The “Energy
Strategy of the Russian Federation” was very skeptical about the pace of the
decentralization process: this document assumes that decentralized heat generation will
grow by 1 percent in 2005-2010 and by 2 more percent in 2010-2020. In 1998, in Moscow
73% of heat was generated by CHP, but in 2005 the CHP market niche shrank by 4% with
additional 6% loss expected before 2011. There are whole districts in Moscow (Kurkino is an
example) designed for decentralized heating.
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Figure 3. CENEfs evaluation of heat losses in DHSS as a function of heat load
density (sample of 190 Russian DHSs)

The key to a long lasting discussion on the economic attractiveness of DHS centralization
level is in measuring heat load densities. There are different approaches to do this. CENEf
has developed an indicator, which is the ratio of material characteristics of the heat supply
system (average pipe diameter multiplied by the length of DHS pipes to attached heat

71. Bashmakov. District Heating Capacity And Demand In Russia. Policy Approaches for
Improvement. District Heating Policy in Transition Economies. IEA/OECD Seminar. Prague,
February 22-24, 2004. Published in Euro Heat@Power. V.I11/2004.



loads®). For better visibility, Figure 3 shows the relationship between heat losses and
reverse indicator for 190 Russian DHSS audited in 2003 by CENEf in Khanty-Mansiysky
Autonomous Okrug - Ugra.

Obviously, for many centralized DHSs heat load density is beyond the boundaries of high
DHS efficiency (normative losses below 5-7%, and actual losses below 10-15%), and is even
beyond the marginal boundaries of DHS efficiency (normative losses below 15-20%, and
actual losses below 20-30%). In addition to poor design, the poor quality of district heating
networks maintenance leads to extra losses in the range of 5-35%. And one more factor, the
number of heating degree days, is to be added to this picture to make it consistent country-
wide. Small-scale DHSs require additional capacity reserve to meet peak demand. So,
large DHSs have lower specific investment costs per unit of produced heat. But when heat
losses are over 10%, this benefit disappears and decentralization decisions are becoming
economically viable. Therefore, zoning of the city by density of heat loads to avoid conflicts
of centralized and decentralized heat supply systems interests is the key for municipal
energy planning.® As CENEfs experience shows, large DHSs stay attractive, if
appropriately managed and given high heat loads densities.

Box 2.1. Examples of efficient and inefficient decentralization

In Khanty-Mansiysky Autonomous Okrug — Ugra, there are examples of efficient and
inefficient decentralization.  The first example is Khanty-Mansiysk city with
considerable (3-fold) excess installed capacity compared to connected heat loads. The
municipal heat supply system is a lot less efficient than it could be. With new
construction in the city, it is important to increase connected heat loads of boiler-
houses, and to decommission and closure of some extra boiler-houses. The second
example i1s Yugorsk city with efficient decentralized heat supply. By degree of
centralization, the situation there is very much like in Khanty-Mansiysk, only in
Yugorsk the capacity of local systems corresponds to consumer loads, and the tariff
(463 rubles/Gcal) is a lot lower, than in Khanty-Mansiysk (693 rubles/Gcal), being just
a little bit higher, than in cities with well developed centralized district heating
(Nizhnevartovsk or Langepas). The Yugorsk experience practically proves the good
future for decentralized heat supply in separate locations with local “spots” of relatively
dense heat loads.

The Past, Present and Future of Large CHP in Russia

The controversy of centralization versus decentralization is a major factor driving the
future for CHP in Russia. Unlike many other countries supporting CHP, the present and
future of CHP in Russia is gloomy. There is no specific policy to support CHP through the
power sector reform. CHP were designed for large industrial heat loads, with electricity
generation as a side product. Due to economic recession, industrial load was partially lost.
This led to the escalation of heat generation costs and growth of heat losses’ share. This
went alongside with insufficient funds invested in the upgrade of heat transportation

8 I. Bashmakov. District Heating Capacity and Demand in Russia  EuroHeat and Power. English
Edition. III, 2004. p. 22-29.

9 Such zoning is applied in many German cities, including Dresden and Leipzig.



systems and with substantial expenditures required to maintain obsolete pipelines. So heat
transportation costs escalated as well.

Against this background, the unbalanced and inflexible CHP heat pricing policy led to
further scratching of CHP off the picture. Heat price cross-subsidies made it more
advantageous for closely located large industrial customers to generate their own heat,
while decentralized heat supply to remote housing stock was not cost-effective. High heat
prices made both efficiency improvements to reduce heat consumption and heat
substitution activities economically viable alongside with independent heat generation.
Demand for CHP heat was caught in competition between declining demand (competition
from energy efficiency and other energy carriers) and growing alternative heat supply by
autonomous boilers and small modern CHP (competition from the supply side). Industrial
and municipal boilers were installed often across the road from CHP. Heat load declined
even further with additional pressure on heat costs. This released a sear spring and
launched the cost escalation mechanism. Both heat and power generation costs started
their ascending trajectories.

Power and heat producers, as well as regulators, failed to balance short-term versus long-
term visions of markets evolution. Short-term considerations prevailed over unrecognized
long-term treat to lose the CHP market niche. Under such conditions, the more CHP costs
were allocated to heat, the sooner and higher CHP heat prices escalated and (not
surprisingly) the sooner CHP electricity became more expensive and uncompetitive. So
short-term power ulitily income maximization considerations worked as a hidden engine
shrinking CHP’ niche both in the heat and power markets and pressing CHP out of
business. As a result, large utility owned CHP today are loaded only at 50% of nameplate
capacity, lost 40% of the heat market and 15% of the power market.

Power and housing reforms deteriorate CHP’ future even further and squeeze the market
faster.® Both markets reject expensive power and heat from large CHP. In 1990-2001,

overall heat demand fell down by 370 million Gcal, with the CHP’ loss of 470 million Gcal
and industrial and municipal boilers market gain of 100 million Geal.

Institutional Structure of Russian District Heating Market

The institutional structure of Russian district heating market is quite a mixture of different
schemes with some very general trends. This can be illustrated by data for Khanty-
Mansiysky Autonomous Okrug - Ugra (see Box 2.2). The share of the private sector in DHS
operation declines, as one goes along the heat supply chain from heat generation to
transmission and distribution. Municipalities predominantly own DHS facilities and
sometimes rent them out to private operators. There are also examples of shifting the
ownership of some parts of DHSS to private companies (in the city of Perm and some
others).

10 See I. Bashmakov. The Future of CHP in Russia. CTI Capacity Building Seminar for CCE/FSU
Countries/ Climate Technology and Energy Efficiency — Challenges and Chances for Climate
Technology. September 20-24, 2003. Tutzing, Germany.



Box 2.2. The structure of heat supply operators by the form of ownership

Today, half of heat generated in Khanty-Mansiysky Autonomous Okrug is generated by
private companies. By the form of ownership, the structure of heat generation is as
follows:

* Private (power plants and boiler-houses) 47.0%
*  Municipal facilities rented out to private companies (Nyagan’) 2.9%
* Private facilities rented out to the municipality (Megion) 3.6%
e Municipal 43.6%

* Individual (separate buildings and flats including single family
houses and multi-family buildings with flat level gas boilers 2.9%

In Surgut, 73% of the overall heat load is covered by heat sources of OAO
“Tyumenenergo’,