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OBOCHOBAHME HEOBXOJINMOCTHU PASPABOTKU
VWHBECTULIMOHHOM CTPATEIU
MYHUIAIIAJIBHOI'O TEINIOODHEPTETUYECKOI'O KOMILJIEKCA

P.B. Hazapan, O.B. HoBukoBa, A.H. I'pymkun, .C. XpedoTeHko

Cankr-IlerepOyprckuii moautexHudeckuii ynusepcuret I[lerpa Benukoro,
Canxr-Ilerepoypr, Poccuiickas ®eneparyis

B mnocineaHue roabl OTMEYaeTCs, YTO OTpacjib KOMMYHJIbHOTO TeINI0CHAOXKEeHMUSI
B OOJIBIIIMHCTBE perMoHOB Poccum crana xapakTepu3oBaTbCsl MOBBIIIEHHBIM U3HOCOM Te-
IUIOTeHEPUPYIOLIEH U TeruioceTeBOl WHGPACTPYKTYp, AeHUIMUTOM WHBECTULIMOHHBIX
MPOEKTOB, CUCTEMHBIMM OpPTraHM3allMOHHO-3KOHOMUYECKUMHU TIpobIeMaMM, KOTOpHIE,
B CBOIO OYepe/lb, OKa3bIBAlOT BJAMSIHME Ha KaYeCTBEHHOE M HalexXHoe oOecrieyeHue KOM-
MYHaJbHBIMM YCIIyTaMU TIOTpeOUTeNeld MYyHUIIMITAJbHBIX 00pa3oBaHuil. Jlng perieHus
JNAHHBIX TIpo0JieM HeoOxoauma pa3paboTKa MPOAYMaHHBIX M YeTKO C(OPMYIMPOBAHHBIX
MYHUIIMITAJbHBIX WHBECTULIMOHHBIX CTpaTeruii pa3BuTvs. JJIsi MyHULIMIAIbHBIX O0bEK-
TOB TETUJIOSHEPTeTUKU BTU CTPATeTMU TMPEACTABISIOTCS KaK OCHOBOIOJIAralolue U Hau-
OoJiee BaKHBIE, MOCKOJbKY BOIMPOCH PEKOHCTPYKIIMU (MOAEPHU3ALUU) TEIJIOIHEPreTH-
YeCcKOW MHMPACTPYKTYpPhl COUMAIBHO 3HAYMMBI. Tak, MPU OTCYTCTBUM WHBECTULIMOHHOM
cTpaTeruu OyJeT IMPOMCXOAUTb TOPMOXEHWE WHBECTUIIMOHHBIX MPOLECCOB B OTpaciu
KOMMYHAJIBbHOTO TEeTUIOCHAOXEHUsI, CIeq0BaTeIbHO, 3aMETHO CHUXKATLCS MHTEepec K (hu-
HAaHCHPOBAHUIO, KPOME TOTO, 3TO MOXKET MPUBECTU K MHBECTUIIMOHHOMY O€31eWCTBUIO
CO CTOPOHBI aIMUHMCTPAIIMM MYHMIMMNAJIbHBIX 00pa3oBaHUi, YTO, B CBOIO O4Yepelb, MO-
JKET BBbI3BaTb HEOJAronpusiTHbIE TMOCAEJACTBUSI, B TOM YWCJIe U CUCTeMHble aBapuu. [lo-
3TOMY HEOOXOAMM IMpOolLecC MHUIMUPOBAHUS MHBECTULIMOHHOIO Mpoliecca B MYHMIM-
MaJbHOM TEIJIO3HEPTeTUYECKOM KOMILJIEKCE, KOTOPBIM TMOBBICUT HAJAEXKHOCTh M KayecT-
BO TEIUIOCHAOXEeHUs1 TMoTpeduTesieil 3a cyeT OOHOBJEHUS W3HOUIEHHBIX OCHOBHBIX
GOHOOB, a TakXe TMO3BOJUT CHHU3UTb DSKOHOMHYECKH OOOCHOBAHHBII Tapud
TeIUIOCHaOXalolMX OpraHuM3aluMii B cpelHecpouHoil mnepcrnekTuBe. [IpengoxeHbl
HalpaBjeHUsT WHBECTULIMOHHOW CTpAaTerMM MYHULIMIIAJIbHBIX OOpa3oBaHUU, Ha YpOBHE
KOTOpbIX OymeT paccmaTpuBaTbcsl 3agavya. B mocieayiolleM 35TU  HalpaBieHMs
OyayT OCHOBOTOJIAralOIMUMU Ui HOPMUPOBAHUS U Pa3pabOTKM MPOrpaMMbl NEHWCTBUI
¢ 00s13aTeJIbHBIM YY€TOM WHBECTULIMOHHOTO IJITAaHUPOBaHUSA. PaccMOTpeHbl clieHapuu
pPa3BUTHUSI MYHULUIMAIBHOTO TEIJIO9HEPTeTUUECKOr0 KOMILUIEKCa MpU  OTCYTCTBUU
WHBECTUIIMOHHON CTpaTeruyd KakK TIpU HaJudud MeXTapudHON pas3HUIIBI, Tak
U npu ee OTcyTcTBUU. IlpeactamieHbl rpaduyeckue Moaeau GYHKIUMOHUPOBAHMS
MYHUIIUITAJIBHOTO TETUIO9HEPTeTUYECKOT0 KOMILIeKca 0€3 WHBECTULIMOHHOM CTpaTeruu
JIBYX PpPacCMOTPEHHBIX BapMaHTOB pa3BUTUS JAHHOTO KOMIUIEKCa (IMHAMUKU
TapudoB Ha TEIUIOBYI0 3HEPryI0) W ajJbTepHATMBHAs TIpaduueckas SKOHOMHUYECKas
MOIleJib peanu3alMM B HEM WHBECTMLIMOHHOW mnoJuTuku. [IpoBeaeH aHanuM3 3Ko-
HOMUMKO-MaTeMaTU4eCcKoil MOJeJM pa3BUTHUSI DHEPreTMYecKOro KOMILIEKCa MYHMUIM-
MajnTeTa.
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NECESSITY OF DEVELOPING AN INVESTMENT STRATEGY
FOR A MUNICIPAL HEAT-ENERGY SYSTEM

R.N. Nazaryan, O.V. Novikova, A.N. Grushkin, I.S. Khrebtenko

Peter the Great Saint-Petersburg Polytechnic University, St. Petersburg, Russian Federation

In recent years, most Russian regions have discovered that the branch of municipal
heat supply is characterized by increased wear of the heat-generating and heat-network
infrastructure, deficiency of investment projects, system organizational and economic
problems, which exert impact on high-quality and reliable providing consumers of
municipalities with utilities. In this regard, well-reasoned and accurately formulated
municipal investment development strategies should be devised for solving the problems
mentioned above. Investment strategies of municipal heat-energy systems are considered as
basic and most important for municipalities, since questions of reconstruction
(modernization) of the heat energy infrastructure are socially important. Thus, in the
absence of an investment strategy, the investment processes in the communal heat supply
industry will be slowed down, therefore, interest in financing will be significantly reduced,
in addition, it can lead to investment inaction by the municipal administration, which in
turn can lead to adverse consequences, including system crashes. Therefore, it is necessary
to initiate an investment process in the municipal heat-energy system that will increase the
reliability and quality of consumers' heat supply by updating worn-out fixed assets, and will
also reduce the economically justified rate of heat supply organizations in the medium term.
The problem in the paper is considered at the level of municipalities, with directions of
investment strategy suggested for these entities. Further, these directions will be
fundamental for the formation and development of an action program, with the mandatory
account of investment planning. The scenarios for the development of the municipal heat-
energy system are considered in the absence of an investment strategy both in the presence
of an inter-tariff difference and in its absence. Also, graphical models for the functioning of
the municipal heat-energy systems without the investment strategy of the two options for
the development of municipal heat-energy systems (heat tariff dynamics), and an alternative
graphic economic model for implementing the investment policy in the municipal heat-
energy systems are presented. The analysis of the economic-mathematical model of the
development of the energy complex of the municipality is made.
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Introduction.  Resolving the  systematic
problems of the heat-energy system, attracting
investment resources are complex tasks which
demand financing and accurate organizational
structuring, which is why an action program has
to be created.

It is our opinion that developing the action
program is possible only through strategic
municipal investment planning, based on
formation of the full investment development
strategy of the municipal heat-energy system [1].
At the same time, the goals will not be achieved
and investment programs and projects with the
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maximum effect will not be carried out without
investment planning.

A strategic investment approach has to be
applied for the municipal heat-energy system,
which is proved by the following key arguments
[2—4]:

1. High social importance of the sphere of
heat supply.

2. Duration of investment process in the
sphere of heat supply.

3. Existence of various expectations and interests
of the main interested parties means that their
mutually acceptable balance has to be reached.
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4. High degree of instability and uncertainty
and also serious systematic and non-systematic
risks  of  operational functioning and
development of municipal heat-energy system
organizations [5].

5. Deficiency of investments into the branch
with considerable investment requirements of the
municipal heat-energy system.

An existing investment strategy of the
municipal heat-energy system also has a huge
practical value [6] for forming an investment
policy from municipal Administrations that will
give the chance to use the budgetary investment
resources with maximum efficiency and to limit

financing of non-core investment projects
by law.

Lack of investment strategy in
municipalities [7]:

1. Causes the administrations of

municipalities to pursue a policy of investment
inaction that increases wear of fixed assets in the
branch, increases the number of system
accidents and reduces the quality of the provided
services of heat supply.

2. Causes an imbalance of the relations
between the main participants of the branch.

3. Substantially reduces the investment
attractiveness of the municipal heat-energy
system for third-party participants (investors,
banks, leasing companies and so forth) and slows
down investment processes in the branch.

Characterization and analysis of the model of
the system’s  behavior  with  graphical
representation of the municipal heat-energy
system’s functioning with and without an
investment strategy

Without an investment strategy in a
municipality, the development of municipal
heat-energy system with a high probability will
be carried out by the following basic scenarios
[8]:

1. Model of the system’s behavior with a
graphical representation of the functioning of the
municipal heat-energy system without an
investment strategy and with an inter-tariff gap
(MTP) (Fig. 1).

2. Model of system’s behavior with a
graphical representation of the functioning of the
municipal heat-energy system without an
investment strategy and without an inter-tariff

gap (Fig. 1a)

L 4

Ta Tl

Puc. 1. Mogenb noBeeHust CUCTEMBI C TOMOILIbIO
rpacduyeckoro npeacTaBieHUsT PYHKIMOHUPOBAHUS
MTBK npu OTCYTCTBUM MHBECTULIMOHHOM CTpaTernuu
(Hanuure MexxTapu@HON pa3HULIbI)

Fig. 1. Model of the system’s behavior with a
graphical representation of the functioning of the
municipal heat-energy system without an investment
strategy (with an inter-tariff gap)

In the figure:

a — dynamics of the economically reasonable
tariff for thermal energy in the municipality, to
an equal tariff for other consumers (except for
the population and categories equivalent to
them);

b — dynamics of the tariff for thermal energy
for the population (and the categories equivalent
to them);

T — time, years.

V — size of the tariff, rub/Gecal.

An economically reasonable tariff is a tariff
formed from such cost values that allow to cover
all necessary expenses related to the provision of
services in the quantity necessary for consumers
and with the quality requirements fulfilled.

In the T,—T, period of time, the increasing
trend for the economically reasonable tariff of
the  heat-supplying organization in the
municipality surpasses the trend for the approved
tariff for thermal energy for the population (and
the consumers equivalent to them) [9].

It is connected with the fact that tariff growth
for the population «has been artificially frozen» in
recent years, and the index of tariff growth for the
population is formed by the principle established
by the Federal Antimonopoly Service by the
principle «inflation minus» (3—6 % a year).
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Puc. 1a. Monesnp noBeieHUSI CUCTEMBbI
¢yukumonupoBanuss MTOK npu orcyrcrBumn
WHBECTULIMOHHOM CTpaTteruu (OTCYTCTBHE MeXXTapr(pHOI
pPa3HUIIbI) C MTOMOIIIbIO I'paUuecKoro MnpeacTaBieHus

Fig. 1a. Model of the system’s behavior
with a graphical representation of the functioning
of the municipal heat-energy system without
an investment strategy (without an inter-tariff gap)

At the same time, the economically
reasonable tariff annually increases by higher rates
(9—15 %), than the tariff for the population as:

- costs of repairs considerably increase
annually as a result of a lack of a pursued
investment policy in the municipality and, as a
result, heavy wear of capital stock and the worn-
out heat-energy infrastructure becoming obsolete;

- costs of fuel increase annually on average
by 8—12 % a year [10];

+ costs of the electric power and a number
of costs increase annually on average by 6—10 %
a year [10].

The difference between the economically
reasonable tariff and the approved tariff for the
population (a so-called inter-tariff difference
which is subsidized from the regional budget)
accumulates and as a result, the expenses of the
regional budget also constantly increase [11].

The main economic consequences of the
specified model:

e the volumes of financing of the inter-tariff
difference from the regional budget are increasing,
unjustified budget expenditures are increasing;

e the current expenses of the heat-supplying
organization for  maintaining  satisfactory
conditions of the municipal heat supply industry
(repairs) are increasing [12];

e the probability accidents occurring in
separate elements of the heat-energy infrastructure
of the municipal heat supply is increasing;

e the quality of the provided heat supply
services is declining.
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The model presented below is a variation of
the above graphic model, without an inter-tariff
difference.

In this case, the tariff for all categories of
consumers is uniform [13], that is, the straight
line for the economically reasonable tariff for
other consumers (a) coincides with the straight
line for the tariff for thermal energy for the
population (b).

However, in this case, the heat-supplying
organization is permanently underfunded, since
the tariff approved for the heat supply
organization is lower than the economically
justified tariff (line c) of the heat supply
organization (such tariff level at which the heat
supply organization operates in loss-free mode)
[14], but administratively it is not possible to
index the specified tariff above the value
coordinated by the regional tariff agency.

The revenue part, collected by the heat
supply organization, is lower than the
expenditure part (the approved tariff is not
sufficient to cover all current (operating) costs)
[15], which predetermines the growth of the
fund deficit in the heat supply organization.

As a result, in order to reduce the difference
between economically justified and actually
approved tariff levels, the heat supply organization
justifies the increasing value of the index of
annual tariff growth when approving the tariff,
which causes discontent among the consumers of
thermal energy.

In particular, with the growth rate of tariffs
for the population:

- a significant amount of the population of
the municipality officially living below the poverty
line is not in a position to increase the expenses
on heating energy at an increasing tariff;

- the most solvent consumers, especially the
financially secure groups of the population will
try to switch to using autonomous sources of
thermal energy generation (mini-boiler houses,
distributed generation facilities, etc.) with a
constant increase in tariffs with no improvement
of the quality of heat supply services.

- the population living in apartment blocks
will acquire autonomous sources in common
share ownership through associations in house
partnerships or on other conditions.

Thus, the presented graphic economic model
clearly indicates the necessity and expediency of
taking concrete steps to change the mechanisms
of extensive investment processes of heat power
systems existing in a significant amount of
municipalities, and of overcoming the accumulated
technical and technological problems.
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Puc. 2. Mozenb peannsaliu MHBECTULIMOHHOM moutnku B MTOK B Buie rpaduieckoro npeactaBieHUst

Fig. 2. Model of implementing the investment policy in the municipal heat-energy system in the form
of a graphic representation

Fig. 2 below presents an alternative graphic
economic model for implementing the investment
policy in the municipal heat-energy system.

In the figure:

a — economically reasonable tariff for heat
supply services of the heat supply organization in
the municipality including operational expenses
and also return of raised funds with the
investment policy carried out;

b — economically reasonable tariff for heat
supply services of the heat supply organization in
the municipality including operational expenses
without carrying out the investment policy;

¢ — the approved tariff for the population in
the municipality;

T — time, years.

V — size of the tariff, rub/Gecal

When carrying out the investment policy in
the municipality, the economically reasonable
tariff of the heat supply organization (straight line
a) is formed on the basis of operational
production costs (transportation, sale) of heat
energy [16] and also investment expenses (in the
form of the tariff investment component) resulting
from the implementation of investment projects of
reconstruction (modernization) of the heat-energy
infrastructure (reconstruction and modernization,
modernization or new construction, boiler rooms,
reconstruction of thermal networks).

In the short-term period (T, —T,), attraction
of investments (implementation of the

investment program of heat supply organization)
on a returnable basis leads to a short-term
increase of the economically reasonable tariff for
thermal energy.

Investments can be attracted in the following
forms:

e credit at a financial institution (bank);

e lease financing;

e financing of a power service company;

e an inverstor’s own joint financing.

Accordingly, the following payments can be
made using the economically justified tariff as
part of the investment component of the tariff:

e principal amount of a loan;

e lease payments;

e energy service payments;

e funds granted by the investor with return
on invested capital.

This will entail a justified increase in the
economically reasonable tariff for the generated
thermal energy for consumers.

In the period of time T, —T,, the growth of
the economically justified tariff of the heat supply
organization (curve a) stops due to the onset of a
relative  equilibrium  (balance) between the
gradually decreasing economically justified tariff
(as a result of a reduction in costs for repairs,
fuel, electricity (as a result of a higher efficiency
of boiler houses after modernization) due to the
reconstructions (modernization) carried out and
financial payments on attracted investments).
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Since the T, moment, the effect from the
decrease in the economically justified tariff
covers the volume of financial payments as part
of the tariff, which leads to a gradual decrease of
curve a. In the period of time T3, curve a
intersects with line b.

Starting from the T; time period, the
implementation of the investment policy in the
heat supply area of the municipality has a
positive effect [17]. For example, in the time
period T,, the effect in numerical terms is:

E =SAB/B, - O, 1
where E is the effect of carrying out the
investment policy in the municipality; SA,B,B, is
the area of the A,B,B,triangle;

O is the wuseful heat supply for the
municipality under consideration in the period of
time T; _T,.

During the period of time T,, the
stabilization of the level of the economically
justified tariff is probable due to exhaustion of
potential reserves.

Further reduction of the economically
justified tariff is realistic through implementing
new investment measures (for example,
implementing additional resource-saving projects)
[18] that require new investment costs and,
accordingly, an increased economically justified
tariff. Therefore, the line a can again increase (the
period of time Ts—T,), and then again decrease
(the period of time T;—T;).

Finally, it is possible that in the time period
T,, the value of the economically justified tariff
(line a) is equal to the tariff level for the
population (line c) at point A,. Then two variants
are possible: the first one is the coincidence of the
curves a and c parallel to the X axis, the second
variant is a possible further reduction of line a
(interval N) in the long-term period through
implementing new investment projects [19].

It is possible to define a period of payback
(T,) of investments within the framework of the
investment policy in the municipality, where n is
the period of time during which S, = S,. (For
example, in Fig. 2 T, = T,).

At the same time, the payback base is the
volume of inter-tariff difference subsidized from
the regional budget.

Conclusion. Based on the above model of the
system’s behavior with graphical representation,
it is possible to formulate a key conclusion:
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initiating the investment process in the
municipal heat-energy system will allow:

¢ to lower the economically reasonable tariff
of the heat supply organization in the medium
term and to minimize or liquidate subsidizing of
the intertariff difference for the regional budget;

e to accelerate the process of updating the
spent capital stock, and consequently to increase
the reliability and quality of the heat supply for
the consumers.

Creating and subsequently implementing an
investment strategy of the heat-energy system of
separate municipalities within regions will
stimulate the formation of investment strategies
for developing the heat-energy systems of
territorial subjects of the federation as the
regions cannot be developed separately [20—21],
but the specific functioning and strategic
development of the individual municipal heat-
energy systems must be taken into account.

A well-thought-out and well-developed
investment strategy within the municipalities
will provide an opportunity to reasonably
choose the strategic direction for the long-term
investment development of the municipal heat-
energy system, as well as to balance the
organizational and economic interests of the
key participants:

e consumers of thermal energy;

e heat supply organizations;

e administration of the municipality;

e investor organizations (banks,
companies, etc.).

At the same time, the lack of an investment
strategy generated within municipalities often
leads to a deterioration in the relations between
the individual participants. In practice, this leads
to a decrease in the efficiency of the functioning
of municipal heat-energy system and,
consequently, to a decrease of the investment
attractiveness of the industry as a whole.

The persisting problems in the branch and
the deficit of investment projects and municipal
heat-energy system programs are, first of all,
results of a lack of strategic investment planning
at the branch level. In this article, the
organizational and economic inefficiency of the
existing approaches to reforming the heat
engineering of municipalities is substantiated,
with conclusions about the expediency of
applying strategic investment planning.

leasing
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