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Abstract: The purpose of this work is to define the economically more feasible solution to the air pollution
problem in Skopje through use of district heating (DH) or individual gas heating. Suburb model is Lisi¢e in Skopje.
Analyzed are the total lifecycle costs of entire city quarter through use of the mentioned heating types. The energy
consumption and CO2 emissions from different lifecycle phases depend on the properties of pipe material, type of
technologies used (during manufacturing the pipe, installing equipment and pumping technologies) and the type of
fluid. Four phases are considered in this lifecycle assessment, which are production and fabrication, transportation to
job site, pipe installation and operation or service phase. As can be concluded, total lifecycle costs in DH system are
lower than the costs for individual gas heating. The slightly higher operating costs are annulled by the costs for
maintenance and COz, which are significantly larger by use of individual gas heating system. By use of DH system in
the suburb of Lisice, the emission of PMios25 will be practically extinguished as the DH system uses natural gas as only
source. This will lead to improved air quality in this part of Skopje.
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CIIOPEJBFA HA TPOLIOIMTE BO TEKOT HA PABOTHUOT BEK HA CUCTEMOT
3A IIEHTPAJIHO I'PEEILE 1 UTHANBUAYAJTHOTO I'PEEILE CO I'AC

AncTpacxkrT: Lenra Ha 0BOj TpyX € Aa ce AeHHUpAaT EKOHOMCKH HUCIUIATIMBH PElIeHHja Ha MPOOJIeMOT Ha
3araJlyBambeTo Ha BO34yXOoT Bo CKollje IpeKy aHajli3a Ha CHCTEMH 3a LEHTPAIHO IPEeHhE CO Tac U MHAWUBUIYAITHO
3arpeBame Ha o0jektute co rac. Kako mozen e 3eMeHa Hacenbara Jlucuue. Bo TpynoT ce aHaian3upaHu napameTpure
o] 1eMoT paboTEeH BEK Ha IPOU3BOAOT (yCIlyrara) 3a iBaTa BUJa rpeete. AHAIIM3UPaHH Ce IPOLECUTE:. MPOSKTHPAE,
MPOU3BOJICTBO M TPAHCIIOPT Ha MaTepHjaliuTe, BrpagyBambe M paboTa Ha cucteMoT. Ilopaam IONTOTpajHOCTa Ha
CHCTEMOT, YIPaBYBAaKETO CO OTIAJ O 3aBPIIYBaKETO HA pabOTHHOT BEK Ha ycliyrara He € 3eMeHo npenpun. Kako
IITO MOXE Jia Ce 3aKJIy4d, TPOIIONUTE 3a LEHTPATHOTO IPeeke Ce MOHHUCKH BO cropenbda CO MHIMBHIYaTHOTO
3arpeBame co rac. [[I0BUCOKHTE TPOILIONH Kaj LEHTPATHHOT AUCTPHOYTHUBEH CHCTEM 3a TOIUIA BOJA CE KOMIICH3HUpaaT
CO TPOIIOLUTE 33 OAPXKYBamke Ha MHIMBUAyaTHUTE cucTeMH. CO KOPHUCTEHE IIEHTPaAJICH CHCTEM 3a CHaOqyBambe CO
TOIUIA BOJIA, OTOHYBaH CO MPHUPOJIEH rac, Bo Hacen0ara Jlucuyue, eMUCHHUTE OfI CHCTEMHUTE 3a 3arpEBame BO 0BOj Ael
Ha rpajioT ke ouaar Hyna. [1a Taka, 3a OUeKyBame € JieKa co Toa ke ce MoAo0py KBATUTETOT Ha aMOUEHTAITHHOT BO3/IyX
BO 0BOj e oz Ckomje.

Knyunu 360poBH: [IEHTPAIHO TPeeHe; IPpeehe Ha Tac; 3araJlyBamke Ha BO3AYX; TPOIIOIH 3a Tpeethe

BACKGROUND All relevant studies get to the conclusion that
the air pollution is caused by burning wood which
Skopje is at the top of most polluted cities in is most common heating by the individual house-
the world. The situation repeats every heating sea- holds [2, 3].
son [1]. Figure 1 shows the monthly distribution of The city quarter JI03 (Lisice suburb) is charac-

PMyo and PMzs in Skopje in 2017. terized with dense structure of individual houses,
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which the highest percentage use wood in old stoves
as heating source. Figure 2 shows the disposition of

the Lisice suburb. Figure 3 shows the fuels used for

household heating in Skopje.
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Fig. 1. Monthly distribution of PM1or2,5 in Skopje in 2017
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Fig. 2. Disposition of Lisi¢e suburb

Detail analysis was made for the entire life-
cycle costs of district heating and individual gas
heating.

The following costs groups were taken into
calculation:

e material costs,
o installation costs,
o exploitation and maintenance costs.

All costs were summarized as a whole for the
entire quarter, in order to find solution which can be
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Fig. 3. Used type of heating in Skopje area

promptly initiated and can lead to the fastest solving
of the air pollution problem.

EXPERIMENTAL

The Lisic¢e suburb is located in the eastern part
of Skopje. Even though it’s relative close to the city
urban part, its conjuncture can be considered as
rural. For getting info regarding number of objects
and their heat consume, poll through the cadastre
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was made and the following type of objects were
counted:

As can be viewed from the satellite view,
predominantly the suburb is consisted of individual
houses. According several polls, most widely used
type of heating in areas with dominant individual
houses is the wood heating in stoves [3]. Table 1
shows the number of objects considered in the study
and the heat consume.

Tablel
Objects and heat consume

1 story 2story  3story

Number of objects 321 93 2
Heat consume (kW) 3624 2789 76

The relative age of the houses in Lisice suburb
is > 40 years, with poor thermal insulation. In the
recent years, the trend of improving the energy
efficiency of the houses is obvious. Therefore, we
take average thermal insulation in the calculation.

Taking into consideration the above menti-
oned, the following input parameters were taken
into account for the heat type economic feasibility:

e Equipment is designed for heating of the
whole house;

o Specific heat consume of the houses is taken
as 115 W/m?;

e Design room temperature is 20 °C;
o Design ambient temperature is —15 °C;
e Heating hours per year is 2745.

RESULTS AND DISCUSSION
Design of district heating system

This part of Skopje does not have district
heating (DH) network. The main DH network under
control of BEG AD is approximately 1000 m from
the potential connection point with the conceptual
secondary and connection line network in Lisice.
According design parameters (flow velocity, heat
consume...), the main pipeline should be DN150.
The secondary DH network should be 3 km’ DN8O.
Connection lines are 15 m’ at DN25. In Table 2, the
prices of components used in central district heating
system are shown.
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Table 2
Prices of components used in DH system

Pipes  Control valves Heat meter Inner
installation
(EUR/m") (EUR/piece) EUR/piece) (EUR/KW)

DN25 63 590 301 133
DN32 74 826 413

DN40 86 1.062 578

DN50 98 2.360 826

DNG65 113 3.340 826

DN80 134 5.310 1.333

DN100 181 / /

DN150 262 / /

DN200 378 / /

The heat station is designed as indirect, with
installation of heat exchanger which separates the
network medium from the indoor installation
medium. Other necessary components and their
costs (installation and VAT included) are:

Design of individual gas system

This part of Skopje does not have gas infra-
structure. The main gas network is approximately
3000 m from the potential connection point with the
conceptual secondary and connection line network
in Lisice.

According design parameters (flow velocity,
heat consume, etc.), the main pipeline should be
DN100. The secondary gas network should be
HDPE DNG65, while the gas connections should be
G3-G10, depending of heat consume. Table 3 shows
the prices of components used in individual gas
system for heating.

Table 3
Prices of components used in gas system

Capacity  Boiler  Connecting line with GMS

(kw) © ©
24 770 1.036
28 803 1.036
33 1.306 1.036
55 2.033 1.569
85 3.084 2.369
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Other necessary components and their costs
(installation and VAT included) are:

— Exploitation and maintenance costs of DH
system.

Final yearly heat need of the Lisice suburb at
6.5 MW heat consume are 7.137 MWh. The costs
towards the DH operator are as follows [5]:

eengaged heat consume — 17.863 EUR/MW/year;
eheat energy price —35 EUR/MWh.
There is no maintenance costs in this system.

— Exploitation and maintenance costs of indi-
vidual gas system.

Gas boiler efficiency is taken at 92% according
low heating value [4]. This requires 814.216
Nm3/year gas consumption.

The costs for the gas consumption are as fol-
lows:

egas border price — 354 USD/1000 Nm?;
simport costs — 2% of border price;

etrading margin — 47 EUR/1000 Nm?;

egas transmission tariff [6] — 27 EUR/1000 Nm?3;
egas distribution tariff [7] — 52 EUR/1000 Nm?,

Maintenance costs are costs for inspection of
the gas boiler and inner installation and cleaning of
chimneys, total 60 EUR/house.

— CO; footprint in production and installation
phase of DH system [8].

The energy consumption and CO, emissions
from different lifecycle phases depend on the pro-
perties of pipe material, type of technologies used
(during manufacturing the pipe, installing equip-
ment and pumping technologies) and the type of
fluid. Four phases are considered in this lifecycle
assessment, which are production and fabrication,
transportation to job site, pipe installation and
operation or service phase. The working period of
this heating is 40 years.

— CO; footprint in production and installati-
on phase of individual gas system.

The working period of specific components of
this heating varies between 10 (boilers) and 40
(pipes) years. CO, emissions from the DH and gas
system in the early phase are given in Table 4 and
Table 5.

Table 4
Emission of CO; in early phase of DH system
DN25 DN150
Pipes production
Weight (kg/m") 7,06 12.480
Total length (m) 40,66 6.000
COz in production (t) 585 1620

Pipes transport

Distance between site and plant (km) 4000 4000

Max pipe sections per truck 165 29
Total truck sessions 6 17
Total fuel consumption (1) 10.070  27.881
CO:2 per fuel (CO2/1) 3 3
Total CO: for transport (t) 27 74

Pipes installation
Necessary excavation/fill hours (h) 5.200 5.000

Fuel consumption (I/h) 10 10
Total fuel consumption (1) 52.000  50.000
CO per fuel (CO2/I) 3 3
Total CO; for installation (t) 154 148

Total CO; emission of DH system in early
phase is 2608 t.

Table5
Emission of CO; in early phase of gas system

DN20 DN65 DN100

Pipes production

Weight (kg/m’) 0,12 105 3,13
Total length (m) 6240 3000 3000
COz in production (t) 11 45 134

Pipes transport

Distance between site and plant (km) 360 360 360

Max pipe sections per truck 4.000 378 176
Total truck sessions 1 1 2
Total fuel consumption (l) 144 144 288
CO:z per fuel (CO2/l) 3 3 3
Total CO2 for transport (t) 0,4 0,4 1

Pipes installation
Necessary excavation/fill hours (h) 1.560 1.000 1.250

Fuel consumption (I/h) 10 10 10
Total fuel consumption (1) 15.600 10.000 12.500
CO:2 per fuel (CO2/l) 3 3 3
Total CO: for installation (t) 46 30 37

Total CO,emission of individual gas system in
early phase is 303 t.
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CONCLUSION

Comparation of costs of different heating types
and CO; emissions is given in Table 6.

Table 6
Lifecycle CO2 emission and cost comparison

DH Gas

Total CO2 emission in early

phase (tco,) 2608 303
Total CO2 emission in

exploitation (tco,) 16.869 48.623
Total CO2 emission (tco,) 19.477 48.926
CO2 price (EUR/Y) 22 22
Total COz costs (EUR) 428.500 1.076.362
Total investment costs (EUR) 2.743.463 3.664.730
Total operating costs (EUR) 18.399.652  18.151.475
Total maintenance costs (EUR) - 1.250.000
Total costs (EUR) 21.571.615  24.142.567

As can be concluded, total lifecycle costs in
DH system are lower than the costs for individual
gas heating. The slightly higher operating costs are
annulled by the costs for maintenance and CO,,
which are significantly larger by use of individual
gas heating system.
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By use of DH system in the suburb of Lisice,
the emission of PMiops will be practically extin-
guished as the DH system uses natural gas as only
source. This will lead to improved air quality in this
part of Skopje.
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