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Abstract —District heating networks in Estonia are mostly ol
and in bad condition. The state of the district heahg networks of
Tallinn is typical for the rest of Estonian DH netwoks. The
paper includes an analysis of the Tallinn district lating
networks. Valid data about damages in district hedahg systems
received for the last 12 years were used for an alyais of the
network damages.

Different types of network damages are analysed: ésrnal
corrosion, internal corrosion, defect of installaton, factory
defects, defect of construction and other reasondhe scale of
damages for the different elements of networks isompared in
the paper: armature, compensator, construction andipes. The
main factors which influence damages in district hating
networks are the age of networks, the quality of awstruction
works and the network operation conditions.

The damage quantity dependence on the age of netwarks
also defined and analysed in the paper. The scalédamages can
be diminished by reducing the average age of the tweorks. This
is possible by replacing old pipelines and other meork system
elements. The pipes average age changes for a 20rygeriod are
simulated according to different intensities of relvation works.

Keywords— District heating, energy efficiency, district hating
network.

I. INTRODUCTION

District heating (DH) allows centralized heat protion for
an area and hot water transportation to the byjklthrough a
network of pipes. District heating systems offeg fhotential
to use renewable heat generation technologies lzem tare
many researches about possibility to use biomasstey
geothermal energy for district heating systems§l]-[
Developed district heating systems promote cogdioera
development. Cogeneration using in district hepsgstems
is analysed in many papers[6-9]. District heatiygtam is
traditional in Estonia. It provides approximately Fer cent of
all heating in the country. The share of heat pceduby
combined heat and power production stations isapmately
one third. At the same time, the technical conditaf the
district heating networks (and production equiprménpoor .
The unsatisfactory condition of DH networks andeliable
heat supply can place doubt on the future of distreating
and consumers can make a choice towards a différeat

supply alternative. Often the decentralized heattngiot an
effective solution for regional heat supply strateand it
decreases the potential
production [10].

Nowadays DH systems operate both in big cities and
small towns, which means, that there is enough loeat for
the installation of new cogeneration equipment.

But before new energy sources installation, itnipartant
to define and analyse the situation with DH network

The purpose of this paper is to define the validdition of
typical old networks in Estonia, to define the m&s of
damage occurrence on the basis of operational aladato
make forecasts for the operation of a DH networktfie next
20 years. The paper includes analysis of Tallinstridi
heating networks. The valid data about the damagdsstrict
heating systems collected during past 12 yearsusad for
the analysis of networks damages.

Il. THE PRESENT CONDITION OF ALLINN DISTRICT HEATING
SYSTEM

District heating networks in Estonia are mostly alad in
poor condition. The state of the district heatirggworks of
Tallinn is typical for the rest of Estonian DH nefks. In
Tallinn, the heat is transmitted to the consumérsugh a
406-kilometre long heating network including 93 khpre-
insulated pipes (23%). The district heating systemgallinn
were constructed mostly during the 1960-1980 peiod
their average age is 22 years.

The AS Tallinna Kite enterprise heads the operatadrthe
biggest part of district heating networks and belleuses of
Tallinn.

District heating systems of Tallinn consist of fidistricts of
the central heat supply: Kesklinna district (totangth
~92 km, length on the balance of AS Tallinna Kii# km),
Laane district (total length ~162 km, length on Hadance of
AS Tallinna Kite ~141 km), Laane district local wetks
(total length ~12 km, length on the balance of ASlifina
Kite ~11 km), Lasnamée district (total length ~kid length
on the balance of AS Tallinna Kiite ~106 km), Maaddirict
(total length ~25 km, length on the balance of ASlifina
Kite ~14 km) [11].

49

of combined heat and power



Scientific Journal of Riga Technical University
Environmental and Climate Technologies

2010
Volume 5

The district heating systems of the areas Keskliamal

Thermal isolation is made of glass wool acangdio old

Lasnamée are connected through the pump statiognhaa soviet building norms and it is the reason for gt losses in

The total length of heating networks is 406 km framich on
the balance of AS Tallinna Kiite there are 348 kn8%7%.

The following CHP stations and boiler-houses supgpat
to the districts of Tallinn: the CHP Iru (naturahgy 190
MWel, 748 MWth), the boiler house Ulemiste (natugals,
232 MWth); the CHP Vao (wood chips, 25 MWel, 65 M)t
the boiler house Mustaméae (natural gas, 39Wth); the
boiler house Kadaka (natural gas, 290 MWth) .

the network. The heat losses in Lasnamée networkODB
were 21% from the total produced heat.

The interconnected district heating systems ofdodibuses
Mustamée, Kadaka and Karjamaa (not in operatiquregent
time) are related to the Laane area (districts ®hage and
Oismée). Initially there had been two separate og¢svwhich
were merged later on as a result of growth. Inatea Laane
the construction of district heating systems begal®60. The

Besides the abovementioned, there are some snaddl-sdength of the Lédane area network is ~141 km. Thendiers of

boiler houses. Figure 1 displays the basic schemé¢éhe
Tallinn heat supply.

District heating systems of Tallinn were constrdcteostly
during the 1960-1980 period and their average g2 iyears.
The state of DH networks varies for the differertritts of
Tallinn.

In Lasnamée, the construction of district heatiggtems
began in 1970, and the network length is ~106 knthat
present time. Assuming the actual load, the heaystems of
the Lasnamée district are the most overloadedwn to

The length of the main pipelines DN1000-1200 is &9
the length of pipes DN400-800 is ~4,4 km. The staréhe
main networks is quite large and it is ~22% of tiotal
network length in Tallinn.

the main pipelines are less than those in the lradparea.
The length of the main pipelines with diameter DR4DO
is ~27,8 km. The heat losses of the network in 2088 16%
from the total produced heat.
The speciality about the heating system of the hégme is
that in the past there was an open system of htargapply.

The water added to the system had no time to purify

sufficiently and oxygen and water hardness ledntintensive
internal corrosion of the pipes.

Mustamae
boiler-house Kadaka Ulemiste
boiler-house
390 MW 290 MW boiler-house
232 MW
(in reserve

R

J

-

Iru CHP
748 MW (190 MW)

Mustamée network

Kesklinna
325 MW

network
180 MW

Laagna
pump station
i DA
Latsnamkéie Maardu
‘ 1 228\’\’3\/\/ network
\ Vao CHP
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Fig. 1. The basic scheme of the Tallinn districitireg system.

In the Kesklinn area, the network construction Imega
1959. Initially the heat supply was carried outthg Tallinna
Soojuselektrijaam heat and power station and lateby the
boiler-house Ulemiste. The district heating systefmthe

50

Kesklinn area is the oldest in Tallinn. The average of the

Kesklinn area network is 25 years, the total length76 km.
The length of the main pipelines with diameter DR4DO

is ~13,8 km. The share of main pipelines in thel#ies area
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network is ~18,1%. Relative heat losses of the Kask
network are within the limits of 15...18%. In comigan with
other areas, the relative heat losses are lessréidsons for
this are: the bigger network loading, the not okext pipes
and the significant share of pre-insulated pipd$.[1

I1l. THE ASSESSMENT OF DAMAGES

The analysis of the networks’ damage statisticsTallinn
is made on the basis of valid data collected dutfiregpast 20
years.

The distribution of damages in Tallinn district ting
network is shown in Figure 2 according to the pdsiof
construction. It is obvious that the most criticiuation is
with the sites constructed during the 1980-19850gderThis
can be explained by the poor quality of both cargion
works and materials used in construction. Durirat theriod
the networks were being constructed in a hurry &itd lack
of proper supervision.

damages during
1998-2009

cem 1965- 1970- 1975- 1980- 1985- 1990- 1995- 2000- 2005-
1965 1970 1975 1980 1985 1990 1995 2000 2005 2008

years of construction

Fig. 2. Damages of the Tallinn district heatingwaks according the periods
of construction.

In Figure 3 the places of damage in the networknelds
are shown: armature, compensators of thermal lengig,
construction and pipes. The major part of all daesagas the

pipes.
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Fig. 3. Places of damage in the Tallinn districitiveg networks elements.

During the 1997-2003 period there were many proklem
with armature and compensators; after 2003 the tifyaof
damages to these elements had considerably dedreEse
oldest thermal lengthening compensators work sit@s9.
The resource of axial compensators is no more B@n
years and by today they are already worn out. The
probability of failures sharply increases. Todayhet
technical condition indicates that 84% of all comga&tors
should be replaced. Some parts of the old lockimgagure
also have to be replaced. The service life of aumgahas
exceeded 25 years. Armature and compensators atlg pa
renovated; however some pieces of it are old arsb al
require replacement [11].

Figure 4 summarizes the nature of damages. There a
no data about the character of damage for all teasaof
Tallinn within the past 10 years, which is why tth@mage
allocation by character of damage is shown forva fiear
period.

In the Tallinn network, a significant part of thardages
is caused by the external corrosion of pipes. Th&nm
reasons for external corrosion are: the poor watefing
of underground channels and chambers and the celthp
drainage. Amongst other reasons are the defectgipe
supports and the destruction of concrete channels.

O deffect of installation
W Wwong senice
B other reasons

cBBEBBBIES

2004 2060 206 < 200 @ 2008

Fig. 4. Nature of damages in the Tallinn distrieating networks.

The second main cause of damages is internal ¢on:ds
2004 many pipes damaged by internal corrosion were
revealed. Internal corrosion is the most serioablgm in the
Laane network where an open system of hot wateplgumas
been used in the past. Besides the damages dayskstects
of installation, defects of construction, factorgfects and
improper maintenance, the other reasons have atsm b
registered.

The main factors, which have an effect on the dasag
district heating networks, are the age of netwotlks, quality
of construction works and the network operationdittons.
The two latter can be regulated by control authesitand
proper legislation, however, the influence of thé&ssors has
been reduced in comparison with the 1970-1990 gderio
During this period the quality of construction werkas very
low, drainage systems were installed incorrectlywere not
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installed at all and isolation materials were ngalgative. As
regards district heating operation conditions,

aforementioned open vented hot water supply systsed in
some networks has led to intensive internal coorosi pipes.

One important reason for damages reduction is finat,
recent years, the networks have significantly redyeressure.
The network currently works in a stable temperatmoele, the
reliability of heat sources is improved and the rgitp of
equipment emergency stops forced by sharp fluanatof the
heat-carrier temperature has decreased.

Another operation condition factor which influencéue
number of district heating system damages was higlager
temperatures in the networks (up to 130 t°C) thawadays
(up to 110 t°C). Finally we can conclude that stmttors as
the quality of construction works and the qualifynetwork
operation are close to their optimum at presente tim
comparison with previous years.

The scale of damages also depends on the agevedrikst
The number of damages can be reduced by reduciag
average age of the networks. This is possible placing the
old pipelines and other networks systems elements.

Reconstruction and replacement works are made limifa
but the intensity of replacement is rather low aodl enough
for a stable system operation. It is important &firce how
intensive the network reconstruction should be.

Data for the three past years were used for definire
damage dependence (humber of damages/km/yeareagth
of the networks. Data about damages were colldioied age
groups (0-5 years, 5-10 years, 10-15 years, 15e2dsy 20-25
years, 25-30 years, 30-35 years).

Using the least squares analysis, a regressiortiequar
this dependence was defined.

D =-0,0096 A’ +1.8985 A+1.0496 (1)
where
D — Number of damages/100 km per year
A - Age of networks
dameges/100+
per year
1Y
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Fig.5. Damage number dependence on the age of pipgistrict heating
systems for the 2005-2007 period.
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Before using this regression for further calculatipwe

thehould check if this equation is appropriate. Oriethe

main parameters for estimation of regression equds the
correlation coefficient. It is considered, that tmrelation

is good in case when R>0.8. In the case of damage
dependence on pipes age, R is 0.803=0643, which
means that the equation characterizes the 64,38ambge
number changes, but the 35,7% of changes
characterized by other factors. There is still affuence of
other factors, which can not be changed, such as
construction and installation problems in the past.

Data about damages allocation by the group and
approximation of these data is shown in Figure 5.

The regression equation can be used for the damage
forecasts in the future.

As it has been mentioned before, the age of netsvork
depends on the intensity of renovation works.

In Figure 6, the length of all repaired sites iswh split
thy years.

Since 1980, the serial repair of the Tallinn distri
heating system is being carried out.

Basically the investments have been directed tos/énd
increase of reliability and the reduction of quantand
duration of faults in heat supply. It has been Bted a lot
in the locking armature.

For the past 10 years ~35 km of district heatingepines
have been replaced, which is 10% of total lengththef
district heating systems in the Tallinn area.

The annual replacement of pipes is in average aB@#
km per year, which is less than 1 percent fromlémgth of
Tallinn DH system pipelines.

are

Length, km

8
7
6
5
4 = —
3
2
1
0

Fig.6. Length of replaced pipelines by years ififaldistrict heating network.

IV. THE FORECASTS FOR DISTRICT HEATING SYSTEM AGE

One of the tasks was to assess, how big the reioovat
works should be in order to stop increasing theraye age
of pipes. A simulation model, which uses both maia and
also some assumptions, was created for such egstimat

Assuming that the length of pipes (360,67 km) waidt
change during the forecast period and that theiascope
of renovation works will remain the same during drdire
period, this means that the length of renovatecpiwill
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also not change. Besides it was assumed that exeay If renovation intensity is 2,5% of the length ogher, the
just the oldest pipes would be renovated; howenaeality average age will not rise at all or will decreaser
the renovation works are based on the pipes actizdé reducing the damages occurrence probability infteenby

estimation. the networks age, the amount of repaired sites |dhoa at
Allocation of pipes ages for starting point (200B) least 9 km/year. This way the process of ageind sidw
shown on Figure 7[11]. down and also the average age will stabilize aedamn
length, km mark'
25 One of the possible solutions is to replace theegiwith
higher intensity of 3-4% until reaching the 17-2@ays
20 | average age and then reduce the length of renoyapes
per year to the 2-2,5% of the whole length of DHwuork.
15
age, years
10 H H 40 oo ®
- oes S IPOPEE
5 | Lo ° i .....
il il . SRR
0|]I]|]|] I] |:|HHHH‘ HH[IHHHHHHH‘ 25 oziitloxxx"xxxxx
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.... 4%
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Fig.7. Length of DH networks by pipes age (in 2008) ° current
10
The average age of pipes for each year was cadmllat L

) . . Fig.8. Pipe age forecasts for different intensifyn@twork renovation
— - — - - works.
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Agy === = = 2
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Increasing of renovation intensity will results rantly in
reducing of damages amount in district heating eayst

where but in enlargement of energy efficiency.

. T.r e ‘o ; During previous research it was calculated, thatdse of
i=b, if — » 1=C, 'Ef’ g o full reconstruction of district heating system iallinn it is
A.,is average age of pipes in j year possible to reduce heat losses from 18,7% to 6,5k [ It

li is length of pipes, constructed in i year will result in saving of fuel used for heat prodioct As it
I-year of construction; was described in the second section of paper, aagas is

|- current year; the main fuel, which is used for heat productionTallinn.

a- year of construction of the oldest pipes, op@@tn  \wood fuel is consumed only for heat produced in CHP

the current year. Véo, which was taken into account during following

As a result of simulations, seven forecasts forepip ¢alculations.

average age were calculated according to diffeireensity  For calculation of possible natural gas saving thudull
of renovation works: for current intensity of remdion reconstruction of district heating system in Tailiit was
(3,06 km/year) and for intensities when 1%, 1,5%6,2 assumed, that there will be used existing energyces,
2,5%, 3% and 4% of the total DH system length wodd 5yerage energy efficiency of energy sources, warkim
annually renovated. The forecasts were simulatedhi® 20 natural gas is 93,7%, heating value of natural iga8.35
year long period. MWh/1000 nf.
The results of the simulation are shown in Figure 8 Due to the saving of natural gas fuel, carbon diexi
As it can be seen from Figure 8, in case the refilova emjssion will reduce. Reduction of carbon dioxigeission
stays on the same level, the average age of thespipll a5 evaluated using standard emission factor fdaurah
grow till reaching 39 years in 2040. In case thegld of gas: 0.202 t CMWh. As it can be seen from Table 1

annually changed pipes is 1% or 1,5% higher, ther@ye reduction of CQ emission will be higher than 50 thousands
age will still rise, but in a less steep way. Wt of the tones per year.

DH system length is annually renovated there wél the
minimal changes in age during first 5 years, aftet the
age will start rising and only after 15 years iflvibiegin to
decrease.
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TABLE |
FULL RECONSTRUCTIONOFDISTRICTHEATING SYSTEM

Indicator Current After Full Diffe
Situation Reconstruction rence

Heat Production 2087855 1854331

(MWhlyear)

Heat Consumption 1698347 1734168

(MWhlyear)

Heat looses (%) 18,7 6,5 12.2
Natural gas 238313 211658 26655

consumption for heat
production (1000
m’lyear)

CO, emissions 450103 399760 50343
(t/year)

Therefore district heating renovation measures lereing
not only positive technical aspects, but very intppnt
favourable environmental aspects.

V. CONCLUSION

District heating networks in Estonia are mostly alad
in poor condition. The state of the district hegtimetworks
of Tallinn is typical for the rest of Estonian DHetworks.

concluded, that for maintaining the networks average at
least at former level, the rate of old pipelineplaeement
should exceed 2,5% of the whole length of DH system

District heating renovation measures are havingardy
positive technical aspects, but very important faable
environmental aspects. According to calculaitonsase of
full reconstruction of district heating system irallinn
reduction of CQ emission will be higher than 50 thousands
tones per year.
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Aleksandrs Hlebnikovs, Anna Volkova, Olga DZuba, Arvi Poobus, @ Kask. Tallinas siltumtiklu bojajumi un tiklu stavokla nowertejuma

indikativie parametri

Igaunija parsva# ir veci siltumikli, turklat slikta stivokli. Tallinas cenfilas apkuresiklu stavoklis ir tipiskais Igaunijas silturiitlu lielakajai ddai.

Rakst veikta Tallinas cenéitas apkuresiklu anaize. Ticami dati tika sgemti par 12 gadiem un izmantoiklu bojagjumu anaizei.

Dazdiem siltumiklu bojajumiem tika izanalizti: argja korozija, iek8ja korozija, uzstdiSanas defekti,apricas defekti, bvnieabas defekti un citi.
Rakst tika saidzinati dazdu tkla elementu ba@jumi: armafiras, kompensatoru, cadwun konstrukciju.

Galvenie faktori, kuri ietek@bojajumu daudzumu, iriklu vecums, Bvnieabas darbu kvalite un tklu dartibas apgikli.

Saji rakst ir noteikta un izanalida bopjumu daudzuma atkdya no tklu vecuma. Bdjumu daudzumu var samasin nomainot vecos caufeadus un
citus tkla elementus. Silturmktlu caurdu vidgjais vecums tuakajiem divdesmit gadiem tika progrgs, nemot \Era renovicijas darbu daido

intensitti.

Anekcanap Xie0HukoB, AHHa Boakosa, Oubra J:xky6a, Apsu Iloodyc, Yiao Kack. IloBpexaenussi Ta/IMHCKMX TeNJOBBIX ceTell M
HHIUKATUBHBIE APaAMeTPhI 115 OLleHKA COCTOSIHUS ceTeil

TennoBele ceTH B DCTOHHU TIaBHBEIM 00pa3oM CTapble H B IIOXOM COCTOSHHU. COCTOSHUE ceTell MEeHTPalTbHOrO OTOIUICHHS TalaMHHA TUIOUYHO IS
OONBIIMHCTBA CTOHCKUX TerutoceTei. CTaThs BKIIOYACT aHAIN3 CETeH MEHTPaIbHOro OTOIICHUs TammuHHa. [locTOBepHbIE JaHHBIC OBLIN IONTYyYeHBI 32
nocnenHue 12 neT u UCHoNb30BaHbl U1 aHAIHM3a MOBPEXKACHUH ceTe.

PaznuuHble THIA TOBPEXKACHUII ceTeil ObUIM NpOAHANU3MPOBAHBI. BHELIHAS KOPPO3Ws, BHYTPCHHsS KOPpPO3MsA, Ae(EKThl YCTaHOBKH, (abphuHbIe
nedexTsl, AedeKTsl CTPOHTENbCTBA U Apyrue aAedexTsl. [loBpeskmeHHs B pa3NHYHBIX JJIEMEHTaX CeTed OBLIM CpaBHEHBI B CTAaTbe. apMaTypa,
KOMIICHCATOPbI, TPYObl U KOHCTPYKIIHH.

I'maBHBIC )aKTOPBI, KOTOPBIC BIUAIOT Ha KOJIMYECTBO MOBPEKICHHUI 3TO BO3PACT CeTel, KAYeCTBO CTPOUTENBHBIX pabOT U ycioBus paboThl ceTeil.
3aBHCHMOCTH KOIHYECTBA MTOBPEXKICHUH OT BO3pacTa CeTel ompenencHa U MpoaHaTH3UpOoBaHa B cTaThe. OOBEM MOBpPEXICHUI MOXKET OBITh YMEHBIICH
3a CYET YMEHbBLICHHS CPEIHEro BO3pacTa ceTei. DTO BO3MOXKHO NPU 3aMELICHUU CTAaphIX TPYO M IpYyrux siueMeHToB cereil. CpenHuil Bo3pacT TpyO Ha
OuioKaiIe ABaALaTh JICT ObLI CHPOrHO3HPOBAH C yYETOM Pa3IMuHOH HHTEHCHBHOCTH PaboT IO PEHOBALMU CETEH.
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