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Abstract. The article presents an analysis of the influence of selection  

a pipe diameter on the operating costs of a heating installation in the 

context of the expected increase in electricity charges required to motive 

the main circulation pump of the installation. As a result of a combination 

of several factors affecting the Polish energy sector based on coal, energy 

price increases seem inevitable. Polish government's response to the 

forecasted increases in charges for electricity is a proposal to introduce 

subsidies for electricity bills. The article presents the results of the analysis 

of pipe selection from several standard types, including investment and 

operating costs, and a comparison of results before and after the increase in 

electricity charges and including the influence of limescale precipitation on 

the internal surfaces of pipe walls. The results analyzes show that the 

increase in charges for electricity affects the selection of the pipe diameter, 

like the problem of the formation of limescale can significantly reduce the 

efficiency of the installation and in extreme cases, can lead to a complete 

stop of installation. 

1 Introduction 

In 2018, in Poland through media reports [1–3], speculations have started on the rise in 

electricity prices in 2019, which according to various sources can range from 10 to 80%. 

The Polish economy and in particular professional energy branch is based on coal. In 2015, 

85% of electricity generated in Poland came from coal. Therefore, as a reason for the 

increase in electricity prices in Poland are the price increase in the global coal market, the 

increase in prices of CO2 emission allowances, and also the costs of buying certificates 

related to the obligation to support renewable energy sources. 

The increase in electricity prices [4–6] will effect on every area of the economy as well 

as daily life, including industry and residential installations powered by electricity. In order 

to reduce the influence on daily life of electricity price increases, the Polish government is 

analyzing and considering introducing a system of subsidies for electricity bills. 
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On the example of a heating installation, where the main circulation pump of the 

installation, powered by electricity, during the heating season (usually from September to 

April), works almost continuously in this time, which results in the amount of electricity 

collected from the network, it achieves significant amounts, and in the context of increased 

operating costs, it can have a significant influence on the design process of a given system. 

On the amount of electricity collected from the network by the circulation pump has 

several factors such as: flow of the heating medium, resistance of the installation, size of 

the pump, efficiency and the working time of the device. The main factor that generates 

operational costs is the flow resistance, which depends on the type of pipes used in the 

project, their diameters, fittings and the flow resistance of the receivers. 

The article presents an analysis of the selection of pipes for heating installations [7, 8] 

in the context of the expected price increases for electricity, taking into account possible 

complications (precipitation of limescale on the internal walls of pipes) created during the 

operation of a heating installation. 

2 Assumptions for the case analysis 

In order to analyze the selection of heating pipes in the context of the increase in electricity 

prices, should be adopted certain assumptions, which are presented in Table 1. 

Table 1. The basic assumptions of the case study (study of Author). 

Assumptions Numerical data Units 

Installation power 150 kW 

Temperature parameters of the heating medium 80/60 0C 

Design flow 6.6 m3/h 

The duration of the heating season 200 days 

Analyzed length of the installation (summary) 400 m 

Cost of kWh before the increase electricity prices 0,55 PLN 

The assumed increase in electricity prices 40 % 

Cost of kWh after the increase electricity prices 0.77 PLN 

 

According to the Polish standard [9], the designer of the heating installation in the 

selection of heating installation pipes should be guided by three criteria: the flow rate of the 

heating medium in the pipe, which should to be in the range from 0.1 to 1.0 m/s, linear 

pressure drops, no greater than 150 Pa/m and also an economic issue. For the assumed 

heating power of 150 kW, with the parameters 80/60°C, the design flow is 6.6 m3/h.  

Copper and PP (polypropylene) pipes are characterized by the highest investment costs, 

but from other side, steel pipes are characterized by a lower coefficient of roughness, 

thanks to which these, copper and PP pipes have greater resistance to limescale deposits. 

Steel pipes are cheaper, but these pipes that have a greater roughness, which supports the 

deposition of limescale and reduce the inner diameter of the pipe. As a consequence of this 

process, during the heating installation operation, the pressure losses increases and it also 

increases the total costs of system operation. The results are summarized in Fig. 1. 
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Fig. 1. Summary of investment costs with the total pressure drop of installation, designed on the type 

and diameter of the pipe (study of Author). 

3 Analysis of the pipe selection in the context of rising the 
electricity prices 

The operating costs of a heating installation depends on the type of the main circulation 

pump and the type of boiler room and used fuel [10, 11]. The process of selecting the pump 

is based on the design flow of the heating medium and the pressure drops on the critical 

cycle. The higher values reach the indicated parameters, the higher amounts of the electric 

energy is needed to motive the pump and the size of the pump increases as well as the 

investment costs. Based on the initial assumptions from the Table 1 as the calculation flow 

of the heating medium of 6.6 m3/h, and pressure drops on the system depending on the type 

of pipe used, several variants of pumps were selected, based on the Grundfos technical 

catalog [12] (for the time of operation the manufacturer gives a period of 15 years). The 

results are summarized in Fig. 2. 

The obtained results of the selection of pumps and their nominal power (Fig. 3) coincide 

with the results of pressure drop in the installation (Fig. 1). The higher the pressure drop, 

the higher the pump power. 

After taking into account an increases in electricity prices (Table 2), the type of selected 

pipe has not changed. It is still a steel pipe, but its diameter has changed. 

In this case, the most profitable in economic terms, there has been a change to a pipe 

with two larger dimensions (DN80 steel pipe), where the total cost amounts 30880.22 PLN. 

The results are summarized in Fig. 3. 

Fig. 3 presents the expected increase in the cost of operating a heating installation in the 

case of a 40% increase in electricity prices. The largest increases in costs were observed on 

an ex ample of smallest diameters of pipes of a given type. 

The obtained results may be influenced by such factors as a constant increase in the 

costs of the energy, which was not taken into account in this analysis, as well as losses 

resulting from the duration of operation, of system like the precipitation of limescale on the 

inner wall surfaces of pipes. 
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Fig. 2. Summary of the costs of the pump and the power of the device under nominal conditions 

(study of Author). 

Table 2. Summary of the amount of energy consumed by pumps during the heating season, operating 

costs and total costs before and after the increase of electricity prices. 

Type of a pipe 

Electricity  

consumption  

[kWh] 

Operating  

costs I  

[PLN] 

Operating  

costs II  

[PLN] 

Total  

costs I 

[PLN] 

Total  

costs II 

[PLN] 

Steel DN50 1204.8 9939.6 13915.44 28237.21 32213.05 

Steel DN65 830.4 6850.8 9591.12 31068.78 33809.1 

Steel DN80 408 3366 4712.4 29461.82 30808.22 

Steel DN100 336 2772 3880.8 44122.77 45231.57 

Copper 54x2.0 1180.8 9741.6 13638.24 115115.20 119011.9 

Copper 64x2.0 648 5346 7484.4 134087.70 136226.1 

Copper 76x2.0 456 3762 5266.8 158493.80 159998.6 

Copper 89x2.0 374.4 3088.8 4324.32 182755.60 183991.1 

PP 63x8.6 2030.4 16750.8 23451.12 43625.09 50325.41 

PP 75x10.3 859.2 7088.4 9923.76 41438.38 44273.74 

PP 90x12.3 537.6 4435.2 6209.28 61139.02 62913.1 

PP 110x15.1 398.4 3286.8 4601.52 90349.57 91664.29 
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Fig. 3. Increase in operating costs of the heating installation in relation to the base state and the 

amount of energy consumed by the pump depending on the selected diameter and type of pipe (study 

of Author). 

4 Influence of limescale on the operation of pipes 

The steel pipes are characterized by the highest roughness factor in the scope of the 

analyzed pipes. Roughness is the mechanically perceptible surface irregularities resulting 

not due to its shape but the nature of their processing. The greater the roughness factor of 

the pipe, the greater it is their potential to precipitate on the inner wall surface of the pipe of 

the limescale. According to the principle of electrostatic interaction, particles that have 

already deposited on the inner wall surface, it will attract the next particles leading to 

sediment growth. The deposition of limescale decreases the inner diameter of the pipe, and 

consequently increases the pressure losses and operating costs of the heating installation. 

The limescale [13, 14] is a layer of sediment of calcium carbonates (CaCO3) and 

magnesium (MgCO3), formed as a result of the thermal decomposition of calcium and 

magnesium bicarbonates contained in water, especially in hard water. As a result of the 

heating process, the bicarbonate ions HCO3- to carbonate CO3
2- decompose. At the time of 

decomposition, the most difficult soluble carbonates then precipitate in the form of  

a precipitate (limescale) containing mainly CaCO3 (solubility 14 mg/l) and MgCO3 

(solubility 106 mg /l) as shown by the reaction equation: 

  

𝐶𝑎(𝐻𝐶𝑂3)2(𝑎𝑞) →  𝐶𝑎𝐶𝑂3(𝑠) ↓  + 𝐻2𝑂(𝑙)  +  𝐶𝑂2(𝑔) ↑                  (1) 

 

The higher the hardness of water [10] (it is a water feature as a function of the 

concentration of calcium cations (Ca2+) and magnesium (Mg2+), and optionally iron (II) 

(Fe2+) and manganese (II), (Mn2+), and the higher the temperature parameters of the heating 

medium, the phenomenon of the precipitation of limescale becomes more intense. 

Preventing the formation of limescale in water systems usually consists of the use of 

water softeners or demineralization, but not everywhere these treatments are used [15–18]. 

The growth of the limescale on the inner surface of the pipe reduces the internal 

diameter of the pipe by twice the thickness of this layer, so that the thickness of the scale 

layer of 1 mm will reduce the internal diameter of the pipe by a total of 2 mm.  

Fig. 4 presents the results of changes in total and linear pressure drops depending on the 

thickness of the limescale layer in the analyzed steel pipes. 
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Fig. 4. The value of linear and total pressure drops of steel pipes depending on the thickness of the 

limescale in heating installation (study of Author). 

In the case of a steel pipe with a diameter of DN50, thickness of the scale of 1 mm, 

results in a reduction of inner pipe diameter by 2 mm and in consequence linear pressure 

drop are increased by almost 50%. The effect of limescale growth on pressure drops in the 

analyzed installation is presented on Fig. 4. 

The growth of the limescale will increase the operating costs of the heating installation, 

due to the increase in total pressure drops in the installation. In several cases, the 

installation will not work properly, because the selected pump (Fig. 2) is not able to meet 

the specified requirements (the flow can be increased at the expense of the pump pressure, 

however the nominal power of the heat receiver will be significantly reduced). 

On Fig. 5 for diameters DN50 and DN65, for the limescale layer thickness of 0.5 mm, 

for the MAGNA3 pumps, which were initially selected, the pressure drop exceeds the pump 

characteristic, which means a drop in efficiency, therefore the installation becomes 

ineffective, The nominal heat power of installation is reduced. In the case of the 

phenomenon of limescale deposition, the initial selection of the pipe, for economic reasons 

– the diameter of the DN50 steel pipe, during the operations turns out to be the wrong 

selection, the designer should be guided by a larger number of decision criteria. For 

diameters DN80 and DN100, differences in pump power values are minimal, therefore in 

further analysis only DN80 and DN100 steel pipes will be taken into consideration, because 

as mentioned above, for DN50 and DN65 diameters, pressure drops are too high, as  

a consequence of which the installation becomes ineffective. 

Fig. 6 presents the results of operation costs of the installation based on DN80 and 

DN100 steel pipes and nominal power of the pump, taking into account the limescale 

deposits on the inner walls of the pipes. 
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Fig. 5. The nominal power of the pump and  operating costs of a heating installation designed on steel 

pipes depending on the thickness of the limescale (study of Author). 

For a DN80 steel pipe, operating costs, over 15 years of operation of the heating 

installation, under influence of limescale, will increase by about 32%, and in the case of  

a DN100 steel pipe costs will increase by about 6%. 

Taking into account all the analyzed aspects such as the increase in electricity prices and 

inclusion of limescale in steel pipes, obtained results of the analysis are presented on Fig. 6. 

 

 

Fig. 6. Comparison of operating and total costs of heating installation before and after the prices 

increase for electricity (study of Author). 

The DN50 and DN65 steel pipes were omitted, because taking into account the 

limescale, a new pump should be purchased or the pipes replaced to a new ones, which 

generates additional investment costs. 

The smallest total costs, despite the expected price increases for electricity, are 

characterized by DN80 steel pipes, taking into account the formation of limescale, which 

amount depends on the water hardness. The largest total costs are characterized by copper 

pipes with a diameter of 89 x 2.0. 

The smallest difference in operating costs before and after the increase in electricity 

charges was obtained for the DN100 steel pipes and the largest for PP pipes with a diameter 

of 63 x 8.6. 
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5 Summary and conclusions 

In connection with the planned increase in electricity costs, branch designers should take  

a broader look at the selection of pipes in the installation. As indicated by the analysis, not 

always following the guidelines indicated in the standard [9], leads to economically 

advantageous solutions. Lower investment costs do not always mean that the installation 

will be economically viable, by increasing operating costs. 

On the example of the analysis of the selection of steel, copper and PP pipes, which 

allow to estimate that the price increase for electricity, which is used to motive a pump for 

heating installations, causes pipes that will be characterized by lower linear pressure drops 

over 15 years operation will be more economically (Fig. 6). 

It should be known that the selection of pipes depends on the user with the support of 

the designer. Copper and PP pipes are more expensive (Fig. 1), but they have a lower 

coefficient of roughness, thanks to which they are more resistant to the formation of 

limescale on the surface of the inner walls of pipes. This phenomenon is more common in 

the analyzed steel pipes, which causes the reduction of the pipe inner diameter and as 

consequence it will increase installation pressure drops and the increase in operating costs 

of the system (Fig. 5). In extreme cases it will reduce nominal power of installation or it 

will completely stop the installation. 

On the example of this analysis for installations characterized by a flow of 6.6 m3/h 

(150 kW), for a 400 m pipe (sum of supply and return), the increase in electricity costs 

increases the operating costs of the system over 15 years from around 1200 PLN up to 6700 

PLN, depending on the type of selected pipe (Fig. 6). 

The influence of limescale on the operation of the installation is presented on the 

background of steel pipes. The precipitation of a 1 mm thick layer of limescale reduces the 

pipe inner diameter by 2 mm. Such a state of affairs based on the example of DN50 and 

DN65 steel pipes shows that the installation does not meet its requirements, works 

inadequately, inefficiently and uneconomically (Fig. 5). 

For steel pipes DN80 and DN100, the precipitation of the limescale will accordingly 

increase the pressure loss on the system by 32% and 6% (Fig. 5). 

The current trend in construction and installation branches is to reduce the energy 

demand of buildings by receiving eco-friendly certificates, obtaining passive house 

standards or low energy demand [19–25]. Therefore, the situation related to the anticipated 

increase in electricity prices is a good moment to verify project guidelines aimed at finding 

optimal solutions that ensure proper system operation, while maintaining the economic 

criterion during the operation of a given system and as well as reducing energy demand. 
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