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Abstract: This article examines methods for reducing heat losses in heat supply system
pipelines and evaluates their technical and economic efficiency. The study compares the
performance of an existing deteriorated insulation layer with a proposed 50 mm mineral wool
insulation for an external DN100 main pipeline. The calculation results indicate that the
proposed insulation reduces heat losses by 51.5%, providing seasonal savings of 17,800 kWh of
useful thermal energy for a 100-meter pipeline section. The economic analysis demonstrates that
the investment required for pipeline re-insulation can be recovered within approximately 1.5
heating seasons, confirming the feasibility of the proposed measure.
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Introduction. The economic efficiency of thermal insulation renovation is assessed by the
degree to which the thermal energy produced in the boiler reaches the consumer. If heat loss in
the pipes is reduced, the boiler will consume less fuel to maintain the same internal temperature.
As a result, operating costs will be reduced, and the investment in insulation renovation will pay
for itself over a certain period of time. In the current case, the heat loss for 30 mm of old
insulation on the external DN100 main pipe was assumed to be 60.8 W/m, and for the proposed
50 mm of new mineral wool insulation, it was assumed to be 29.5 W/m. This means that the heat
savings per meter of pipe is 31.3 W/m.

In this paragraph, the economic analysis was performed for a 100 m long external DN100
main pipeline section. If the exact pipe length is remeasured at the facility, the results are
directly recalculated using the formulas given below. This approach allows for a clear
demonstration of the calculation methodology in the BMI case and subsequent refinement in
practical conditions.

Aql = Ythere is — Yoffer (1)
Mp = ((Gthere is ~ Gotfer)/thereis ) ~ 100% 2
AE,. = Aq; - /1000 3)
AE, =Aq - L -t/ 1000 (4)
Syear = AEL ) Ce (5)
Tcover = Ktotal/ Syear (6)
EfueleEL/ Mpot (7)

where: Aq; - heat savings per 1 meter of pipe, W/m; qgereis - heat loss with existing
insulation, W/m; qu¢, - heat loss with proposed insulation, W/m; 1t - duration of the heating
season, hours; L - calculated pipe length, m; AE; - useful thermal energy saved during the season,
kWh; C, - calculated cost of 1 kWh of heat equivalent, soums/kWh; S, - seasonal monetary
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savings, soums; K., - total capital cost of insulation measures, soums; ny, - useful boiler
efficiency.

We calculate: Aq; = 60.8 —29.5 = 31.3 W/m. The degree of heat loss reduction = (31.3 /
60.8) 100 = 51.5%. Assuming the heating season duration T = 5688 hours, the seasonal energy
saving per 1 meter of pipe AE,, = 31.3 5688 / 1000 = 178.0 kWh/m. For 100 m of external
DN100 pipe, AE; it is = 17,800 kWh/season.

Assuming Eg,the boiler efficiency = 0.85, the equivalent fuel savings 1= 17,800 / 0.85 =
20,941 kWh of fuel energy. This value may vary depending on the actual boiler operation, fuel
quality, and control status in the system [1].

Table 1. Heat saving calculation results for external DN100 pipe:

Indicator Markin Value Unit of
g measurement

Loss in existing worn insulation Qihere is 60.8 W/m
Loss in the proposed 50 mm mineral

wool prop offer 29.5 W/m
Heat savings per 1 meter Aq, 31.3 W/m
Reduced heat loss Mp 51.5 %
Duration of the heating season T 5688 hour
Seasonal savings per 1 meter AE_ 178.0 kWh/m
Seasonal savings per 100 m AE; é 7,80 kWh
Pot FIK accepted value Npot 0.85 share
Fuel energy equivalent Efuel 12 0,94 kWh

Mavjud eskirgan Taklif etilgan Tejaladigan
30 mm izolyatsiya 50 mm mineral vata issiglik

Figure 1. Comparison of existing and proposed insulation conditions on a DN100
external pipe.
To determine the economic efficiency in monetary terms, the calculated value of 1 kWh of
useful thermal energy C,was taken as = 600 sums/kWh. This value is specified in the final
estimate documents based on the actual fuel type, the current tariff and the actual useful
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efficiency of the boiler. Within the framework of this BMI, the accepted value is used as a
calculated k indicator for technical and economic comparison.

The seasonal savings for a 100 m external DN100 main pipe Sy, = 17,800,600 =
10,680,000 soums. This value is determined based on the useful heat savings only and does not
take into account the indirect savings in maintenance, ash removal, boiler cleaning, pump
operating time, and operational labor costs resulting from reduced boiler operation [2].

Capital costs consist of insulation material, external protective coating, installation work
and auxiliary materials. For the calculation estimate, the total cost of mineral wool sheathing,
galvanized protective coating, fastening elements, sealing and installation work for 1 meter of
DN100 external pipe was assumed to be 160,000 soums/m. The total capital cost for 100 m is

16,000,000 soums.
Table 2. Estimated costs for re-insulating 100 m of external DN100 pipe:
T/ Unit price, Length Total,
Expense type
r sums/m ,m soums
1 50 mm mineral wool shell 75,000 100 7,500,000
) G'fllvamze.d or aluminum 35,000 100 3,500,000
protective coating
3 Installation work 35,000 100 3,500,000
4 Tape, scalant, fasteners 15,000 100 1,500,000
and auxiliary materials
5 Total capital expenditure 160,000 100 ! 66000’00

The payback period is equal to T coverage = 16,000,000 / 10,680,000 = 1.50 heating
seasons. This result shows that the insulation measure is economically feasible. In practical
conditions, if energy prices increase or fuel quality decreases , the savings value increases and
the payback period decreases. Conversely, if installation costs are high, the payback period
increases [3].

Table 3. The main results of economic efficiency:

Indicator Value
Estimated pipe length 100 m
Seasonal useful heat savings 17,800 kWh
Estimated energy price 600 sums/kWh
Seasonal money savings 10,680,000 sums
Capital expenditure 16,000,000 sums
Payback period 1.50 heating season
Reduced heat loss 51.5%
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Figure 2. Payback period depending on the length of the pipe.

Sensitivity analysis is also important in the economic assessment. If the energy equivalent
1s 500 sum/kWh, the seasonal savings for 100 m of pipe will be 8.9 million soums and the
payback period will be 1.80 seasons. If the energy equivalent is 800 soums/kWh, the savings
will reach 14.24 million soums and the payback period will be reduced to 1.12 seasons.

This situation shows the sensitivity of insulation measures to energy prices. As energy
prices increase, the economic attractiveness of measures to reduce heat loss increases. Therefore,
insulation work should be considered as an integral part of the boiler room modernization or
preparation program for the heating season [4].
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