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Abstract 
 

There has been conducted a study of interdependence between technical and economic researches of diameters calculation of water pres-

sure supply and sewerage networks. There has been offered the method to calculate the optimal diameter of water pressure supply and 

sewerage networks made of polymeric pipes. This qualitative and quantity methodology includes, firstly, the observation review of 

Ukrainian water supply and sewerage networks and, secondly, the survey of financial and economic documents of water supply and sew-

erage economy. The factual basis of the study is the initial data of statistical monitoring of work conditions of water pressure supply and 

sewerage networks. The paper proposes using the net present value (NPV) to calculate the optimal diameter of water pressure pipes made 

of polymeric materials, which, finally, decreases capital and exploiting expenditures and considers the maximum income for water sup-

ply and sewerage economy (WSE). 
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1. Introduction 

Technical and economic synergic effect in conditions of innova-

tive transformation of water supply and sewerage economy (WSE) 

means the calculation the maximum profit while expenditure min-

imization, including the way of introduction of methodology that 

quantifies the optimal diameter of pipelines made of polymeric 

materials with the usage of economic factors for optimization or 

reconstruction of the water supply system.      

For it there have been formed such study tasks: 

 to analyze the theory of calculation of net discounted income 

(NPV) for enterprises of water supply and sewage economy; 

 to use NPV for calculation of the optimal diameter for pipes made 

of polymeric materials; 

 to produce and explain the methodology that quantifies the opti-

mal diameter of pipelines with the usage of NPV, which is very 

essential for countries with economy in transition. 

The theoretical and methodological basis for the study includes 

the theory founded on the synergic effect of technical and eco-

nomic calculation of the pipes diameter of external water-pipeline 

nets with the help of NPV.  

The actual research has become the method of discounting and 

calculating NPV that gives the possibility to go through the choice 

of the pipes diameter as a usual and, simultaneously, difficult eco-

nomic system with allocation of detached elements and definition 

of links between them. 

The factual basis of the research is primary data of statistic obser-

vation of external pipelines of systems of water supply and sewer-

age economy and theoretical scrutiny of the main economic figure 

of NPV. 

There have been made theoretical and analytic studies for defining 

the main economic figure of NPV while choosing the diameter of 

external water pipelines made of polymeric materials.  

There have been systemized the main parameters of NPV that 

allow determining with the assistance of technical and economic 

modeling the most optimal diameter of pipeline depending on the 

water expenditure with minimal economic losses in modern mar-

ket circumstances. 

To reach set goals there has been devised the math and economic 

algorithm of calculation of the optimal diameter with the help of 

NPV.  

Basing on got results, there have been given the recommendations 

for the actuality of calculation of the optimal diameter with the 

aim to refine economic figures in the structure of WSE. 

Having taken into account the models of economic processes there 

has firstly been offered the full methodology of technical and eco-

nomic calculation of water supply systems for defining the opti-

mal diameter of external water pipelines made of polymeric mate-

rials with the usage of economic factor of discounting.  

While it there has been: 

 defined the correlation between the diameter of a water pipeline, 

exploiting and capital expenditure, self-cost, tariff and NPV; 

 advanced the math and economic algorithm for optimization of 

diameters of water supply nets made of polymeric materials; 

 explained scientifically the economic and technical methodology 

of choosing the optimal diameter of polymeric pipelines of water 

supply nets. 

Theoretical points of technical and economic research of water 

supply systems WSE have been led to the level of produced algo-

rithm and showing the precise methodology and recommendations 
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as for defining the optimal diameter of polyethylene pipes for 

water supply nets WSE.  

There have been suggested the quantity rate of the synergic effect 

as an instrumentality to influence the pipes cost with the goal to 

account the synergic effect while calculating the self-cost of wa-

ter. 

Offered methodology can be used in conditions of innovative 

transformation of WSE and applied by workers of the WSE field, 

as well as, specialists of economics and management on enterpris-

es. 

The optimal eventual result, including choosing the optimal diam-

eter of pipes with the best prices figures is to be reached while the 

process of receiving the synergic effect from technical and eco-

nomic decisions of investing project of water supply and sewerage 

economy  with the choice of the optimal diameter of pipeline sys-

tems of water supply depending on water expenditure. 

One of the main peculiarities of modern science (finances) impli-

cates the synergic correlation of two components: economic and 

technical [5-7]. 

In the view of the economic component, during projecting and 

reconstructing of water supply nets a responsible stage is to calcu-

late the financial figure NPV with the help of technical hydraulic 

calculation of water pipelines. The better there has been done the 

hydraulic calculation and chosen pipes materials, the better not 

only is its successive work, but its financial component also is, 

including the increasing of work efficiency of water supply and 

sewerage economy (WSE).  

In these theoretical studies there are investigated polyethylene 

pipes typed PE 80 and PE 100 according to the standards, which 

are currently being introduced in WSE. 

The appearance of pipes made of polymeric materials signifies 

changes in calculation that must be rated with the assistance of 

economic factor. The definition of efficient correlation between 

water expenditure, the pipes diameter and pipes material gives the 

feasibility to reduce expenditure on materials highly and diminish 

self-cost. 

It confirms one more time the actuality of an issue and necessity 

of future scientific and theoretical calculations directed to reduc-

tion of capital and exploiting expenditures, self-cost, water tariffs 

and increasing of NPV particle on enterprises.   

Diverse aspects of the problem of economic factor influence on 

the choice of the water pipelines diameter were analyzed in the 

works [1, 3]. There has been analyzed the usage of discounting for 

optimization of water supply nets in the works of Tkachuk O., 

Orlov V. and Kalyuzhniy A.[ 2, 9, 4, 8]. 

Mentioned works attest the fact of permanent attention to im-

portance of economic factor while calculation water supply nets, 

but the question of the choice of effective economically profitable 

diameter of water pipelines made of modern materials leaves not 

fully solved.  

The income for enterprises of WSE depends on the resources 

market and available raw base. The introduction of innovative 

equipment and materials for water supply nets implies changes in 

hydraulic calculation of pipelines.   

The choice of the optimal diameter of pipes made of polymeric 

materials with consideration of economic factor is very signifi-

cant. Now these questions are not researched in the literary 

sources.  

There have been probed economic and technical components of 

cost of water supply for population, public establishments and 

industrial enterprises with account of NPV.  

The task of this analysis is to look through possible technical and 

economic decisions for provision of explained projecting or re-

constructing of water supply nets WSE.  

Also it implies the theoretical research of economic factor and 

feasibility to select working parameters of the system, which will 

let provide positive result for definition of the optimal diameter 

with the help of economic criterion NPV.  

Besides pointed higher, we intend to determine the optimal diame-

ter of water pipelines made of polymeric materials and compare 

the effectiveness of this methodology for the diameter choice with 

available ones.  

This issue is observed and resolved with the reduction of cost of 

exploitation or reconstruction of water supply systems WSE.  

2 Main Body  

Water supply nets in Ukraine were set, generally, in last century, 

the pipes material was, in major cases, steel and cast iron. That’s 

why, the deterioration of nets in Ukraine is 30-40%, because the 

term for metal pipes exploitation occupies about 50 years. So, the 

important question to solve the problem of qualitative water provi-

sion with optimal cost of water is the state of water supply nets. 

Very important point is to replace old metal pipes with new ones 

made of contemporary materials and less lively cutting. 

Currently, there are popular pipes of polymeric materials, espe-

cially polyethylene ones [10, 11].  

Polyethylene is an alternative for traditional materials for pipes – 

cast iron, steel or cement – according to technical and economic 

reasons. Vast spreading and technical development of polyeth-

ylene pipes are unraveled with particular characteristics of materi-

als. 

Polyethylene water pressure pipes are used during building and 

reconstructing of external pipelines that give water for accommo-

dative and public economic of cities and villages as well as indus-

trial consumers. Polyethylene pipelines can transport other gas and 

liquid combinations for which polyethylene is chemically adjust-

ed. These water pipelines are produced according to standards. 

Labels of polyethylene, according to which they are divided, are 

such: 

PE 63 (was invented firstly, not being almost used now); 

PE 80; 

PE 100. 

 
Table 1: The comparison of PE-80 and PE-100 

The material properties The unit of 
measurement 

Value 

PE-100 PE-80 

Thickness Kg/m2 935 - 960 

MRS (minimal longtime 
strength) 

MPa 10 8 

The scope of strength N/m2 18 - 29 

Relative prolonging while 

separating  

% >350 

The temperature of fragile 
destruction  

°С < - 70 

Solidness SHORE D 55-60 

Hitting strength kJ/m2 Not destroyed 

The coefficient of temperature 
widening 

mm/m °С 0,15 - 0,20 

Loading on rubbing Н/м2 >15 

One of the main figures, which characterize polyethylene pipes, is 

Standard Dimension Ratio or SDR. 

 
Fig.1: The connection between SDR and thickness of a pipe side 

а) PE100 SDR41   b) PE 100 SDR6 

 

This parameter is ratio of external diameter (nominal) and the side 

thickness (nominal too): 

 

SDR = dn /en                                                                                (1) 
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Fig.2: The correlation of SDR 

It is obvious that with increasing of SDR the thickness of a pipe 

side cuts down and, in the contrary, the bigger the thickness of a 

PE-pipe side is, the smaller SDR value is. However, practically, 

SDR figure is a standard parameter.  

To calculate the nominal thickness of a PE-pipe side is possible 

with help of such a formula: 

 

en = dn /SDR,                                                  (2) 

 

SDR is up to the series of polyethylene pipes (S): 

 

SDR = 2S + 1,                                                   (3) 

 

where S is the value that corresponds with typing size of an avail-

able polyethylene pipe.  

The series of a polyethylene pipe shows how many times the volt-

age appearing in a pipe side under the maximum operation pres-

sure (MOP) is stronger that this pressure. However, the definition 

“a pipe series” is not actual in a practical way, so long as it is an 

ephemeral characteristic, which does not contain physical content.  

The maximum operation pressure is such pressure during which 

the term of operation of a pipeline is not less than 50 years if all 

conditions of pipes exploitation (and also their transportation and 

saving) are followed. MOP is calculated according to the formula:  

MOP = 2 MRS / C(SDR – 1),                                                       (4) 

where MRS is the minimum value of polyethylene tightness; 

С is the coefficient of pipeline installation (it is also called as “the 

coefficient of tightness saving”), which depends on conditions of 

pipes installation and takes different values (1,25 is for polyeth-

ylene pipes providing with cold water and 2 ÷ 3,15 is for pipes 

that transport  combustible gases). 

The necessity of this issue observation is dictated not only by 

financial requirements, but also by attempt to refine accommoda-

tive and public circumstances of population.  

Let’s go through the fact of synergism and its influence on the 

total effect that boosts the action of each component detachedly 

more precisely.  

The synergic effect from union of economic and technical deci-

sions for systems of water economy is demonstrated on the fig. 3. 

The efficiency of investing projects is an essential stage during the 

process of investments management. The correctness of final deci-

sion making is up to excellence of this rate making.    

One of methods to explain investing projects that includes dis-

counting usage is the method of the net present value (NPV) cal-

culation. As money income is divided in time, it is discounted 

with the help of the coefficient being set by investor who takes 

into account the annual percentage of returning that he wishes or 

can have on invested by him capital. 

The net present value is defined by known formula: 

 

NPV = NI – ІE,                                                                             (5) 

 

where NI is the net income (being for current cost) for the whole 

period of investing project exploitation.  

ІE is the sum of investing expenditures directed to realize the in-

vesting project 

The formula (4) can be transformed in such a way:  

 ti

NI
NPV




1
,                                                                           (6) 

і is the percent rate for discounting of sums of money flow of this 

project that is quantified on record to discount rate of NBU, %;  

t is the term of project realization. 

For water supply nets we accept the average term of building as t 

= 7 years. 

The net income is the product of self-cost of general amount of 

goods С, which are sold on the norm of enterprise profitability Eр: 

 

pECNI  ,                                                                                (7) 

 

where Eр is the norm of enterprise profitability,  

С is self-cost of goods. 

The norm of profitability is one of the main figures of expenditure 

efficiency. It is calculated during project development according 

to complicated calculations and then it must be approved by ad-

ministration of an enterprise depending on economic factors but 

not more than 20%. 

The self-cost is a synthetic figure of efficiency, that’s why during 

its calculation and usage in management system of production it is 

needed to be very attentive. It is one of the most significant levers 

in economical mechanism of production management [59]. The 

eventual figure of enterprise activity (profitability) depends on the 

self-cost.  

For water supply and sewerage economy  the self-cost of the gen-

eral amount of used by consumers water can be accepted as the 

sum of exploiting expenditures of an enterprises divided by the 

general amount of used water per year.  

So, the self-cost is calculated by the formula: 

 

365Q
C




Э
                                                    (8) 

 

where  Q is daily water expenditure, m3/day,  

Э is the sum of exploiting expenditures. 

Exploiting expenditures are the sum of expenditures on electricity, 

salary, amortization and unit deductions: 

 

Эs.e.ЭuamЭЭ  elЭ                                                                (9) 

 

where Эel. is expenditure on electricity and is calculated by the 

formula: 














 l

mD

Q
kH

,
QЭ




 0

ps

819
8760el ,                                  (10) 

 

where 8760 is the annual amount of working hours of a pump 

station, year; 

  expresses tariff on electricity for public establishments of 

companies in water supply and sewerage economy that 0,18 

c.u./kW;  

  is the coefficient of inequality of electricity usage, we accept 

steady daily work of a pump station, 1 ; 

ps is the energy conversion efficiency (ECE) of a pump station,  

ps  it is accepted as 80%;  

k, n, m are the coefficients and figures of power in the formula of 

pressure losses according to the length for і field,  

D is the diameter of a pipeline, m;  

l is the length of a pipeline, m; 

Но is the free pressure that means the height of water pillar under 

surface, which is set in a piezometric tube put through to any 

points of sewerage net. 

The figure of necessary free pressure for water supply to the far-

thest and situated on the highest point water storage appliance is 

calculated according to the formula. But during calculations it is 

simplified.  
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Fig. 3: The process of acquirement of the synergic effect from technical and economic decisions of the investing project of water supply and sewer-

age econom
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The sum of depreciation and unit expenditures:  
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(11) 

 

where p1, p2 are the norms of depreciation, the size of deprecia-

tion deductions expressed in percentage to primary cost of main 

funds;  

 b, a, are the coefficients and figure of power for і field of nets 

and water pipes. 

The norm of depreciation is periodically being specified and 

changed. For water economic complex the norm of deprecia-

tion is accepted: for constructions and buildings of the pump 

station it is 8%, and for water pipes there is 24%; 

Эs is the expenditure on the workers’ salary. While comparing 

of variants we deem salary the same, that’s why we neglect it in 

calculation. 

Investing expenditure includes building and servicing the pump 

station and water pipes: 

 pipepipeps KfrNKKIE   
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(12) 

 

where f is the toll of the pump station referred to the unit of set 

power; 

r –is the coefficient that includes the role of і field in work of 

water pipelines nets, it’s accepted as 1. 

We put calculating formulas (7)-(12) in the general formula 

NPV (5). 

Exploiting expenditures: 
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The self-cost of used water for population and industrial estab-

lishments will be so: 
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Let’s put С (14) and ІE (12) in the formula NPV (15): 
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We get rid of three-level fraction, open brackets and divide a 

fraction on three. Then we simplify and put the common multi-

plier beyond the brackets.  

During projecting or reconstructing a water pipelines net it is 

needed to consider economic factor NPV. If NPV during calcu-

lations is positive, then projecting productions are worth realiz-

ing. Such a project is efficient and leads to increasing of the 

investor’s income and calculated diameter will be optimal in 

this case. So, we take the first fraction derivative through NPV 

and equalize to 0: 
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We put the third and fourth fraction to the right part. Then we 

simplify left and right parts and put the common multiplier 

beyond the brackets in the right part. We multiply left and right 

parts by 1mD  : 
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We express the equation through mD  : 

 

 

 

  










































t

t
p

t
p

psm

iQ

piEQ
b

rfp
iErfQmk

,
Q

D

136008760

136008760

360087603600
1

819

1
2

22











(18) 

 

We express the equation through D and get the eventual formu-

la for calculation of the optimal diameter: 

D  
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Therefore, defining the diameter of water pipelines for pipes 

PE 80 can be described with the cubed formula:   

 

D = 8E-06Q3 - 0,0097Q2 + 3,7119Q                                          

(20) 
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For convenience of usage there has been made the chart of 

dependence between the diameter of polyethylene pipes PE 80 

and water expenditure in the program Microsoft Office Excel 

(fig.4).  
For defining of the diameter for PE 100 pipes there has been 

deducted the formula: 

 

D = 8E-06Q3 - 0,009Q2 + 3,5508                                          
(21) 

 

The chart (fig.5) permits to find out the economically ex-

plained diameter of polyethylene pipes PE 100 depending on 

water expenditure.  

3. Conclusions 

As a result of the studies there has been proved the actuality of 

usage of synergic approach for economic as well as technical 

decisions of systems WSE and got the methodology to calcu-

late the optimal diameter allowing us to account the importance 

of economic factor for water pipelines made of polymeric ma-

terials.  

1. There has been shown our own interpretation of NPV cal-

culation taking into account all different calculations of exploit-

ing expenditures and capital investments. There have been 

analyzed NPV formulas and deducted the calculation formula 

for defining the optimal diameter of polyethylene pipelines.  

2. There has been systemized the parameter of defining the 

pipes diameter that fully lets rate the synergic effect of eco-

nomic and technical decisions. There has been explained the 

choice of the optimal diameter for polyethylene pipes of water 

supply systems WSE.   

3. For reduction of capital and exploiting expenditures of 

water supply nets and increasing of NPV for enterprises there 

has been put forward to use in technical and economic calcula-

tions this methodology for defining the optimal diameter of 

pipelines and the chart of dependence between the pipelines 

diameter and different types of polyethylene pipes; that is very 

essential for countries with economy in transition.  

4. The positive factors while applying polyethylene pipes PE 

80 and PE 100 depending on water pressure in the pipeline are 

the reduction of the pipes diameter on 15…25% comparing 

with available tables.   

5. Given recommendations are desired to be considered dur-

ing projecting and reconstruction of WSEs.  

In the future it is being planned to produce a program complex 

for calculation of the optimal diameter for pipes made of poly-

meric materials for pressure water pipes where there will be 

accounted economic factor and the possibility to pick on work-

ing parameters of the system.  
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Fig. 4: The chart of dependence between the diameter of polyethylene 

pipes PE 80 and water expenditure 
 

 
Fig. 5: The chart of dependence between the diameter of polyethylene 
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