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Urgency of the research. Active market competition
and world integration of the domestic economy put the busi-
ness entities in demand of optimizing their activities by mov-
ing from functional to the processing management, which is
based on the studying of production business processes and
top economic-mathematical modeling business processes
effectiveness in gas transportation companies.

Target setting. It is advisable economic-mathematical
modeling business processes of gas transportation system
for identify production bottlenecks and efficient use of hidden
opportunities.

Actual scientific researches and issues analysis. Au-
thors: L. T. Goral, I. G. Fadeeva, V. S. Ponomarenko,
S. V. Minukhin, S. V. Znhur, P. Luis, M. Lopez, M. Gaska,
D. Gelbing, M. Hammer , J. Champi, M. Rother, J. Shuk
have made significant contribution to the development of the
modern approaches to business modeling.

Uninvestigated parts of general matters defining. At
the same time very few of scientific papers highlights the
peculiarities implementation of business process modeling
for gas transport companies.

The research objective. Formation optimization model
of business processes effectiveness on the basis system
research technology of pipeline transportation natural gas

The statement of basic materials. It is proved the ne-
cessity of economic-mathematical modeling business pro-
cesses of pipeline transportation natural gas. It is estab-
lished the stage of business modeling. It is constructed the
model of the main streams forming the enterprise productivi-
ty. It is presented the multifactor model of the performance
enterprises in the industry.

Conclusions. The current model assumes a phased op-
timization of the performance indicator on the basis reducing
the expenditure activity and allows to determine the most
important objects of its formation, which, as the research
shows, are different in individual business processes.

Keywords: modeling; pipeline transport; costs; profita-
bility; model of efficiency; business process.
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MOLOENIOBAHHA BISBHEC-NMPOLECIB
TPYBOMPOBIAHOIO TPAHCMOPTYBAHHA
NMPUPOOHOIO rA3Y

AkmyanbHicmb memu OocnidxeHHSI. AkmusHa puH-
Koga KOHKYpeHuiss ma ceimoea iHmeepauisi 8im4u3HsHOI
EKOHOMIKU cmaensimb neped cyb’ekmamu 20crnodaprosaHHs
gumozy onmumisayii ceoei QisnbHOCMI WIISIXOM repexooy
8i0  (byHKUiOHanbHO20  yrpaesiHHa 00  [POUECHO-
opieHmosaHoz0, fKuli basyembcs Ha OocnidxeHHi bi3Hec-
npouyecie  8upobHUUmMBa ma akmyarnilye EeKOHOMIKO-
MamemamuyHe MoOeso8aHHA pe3ynbmamusHocmi bisHec-
npouyecie cmpameziyHuUx nionpuemMcms.

lMocmaHoeka npo6bnemu. [ouinsHum € 30ilCHEeHHSs
©KOHOMIKO-Mamemamu4Ho20 Mmoderno8aHHs 6i3Hec-
rpouyecie 2a30mpaHCriopHOi cucmemu Onisi 8U3HAYEHHS 8-
3bKUX MicUyb 8UpPOBHUUMEa ma egheKmueHO20 8UKOPUCMaH-
HS1 MpuxoeaHux Moxugocmed.

AHani3 ocmaHHix docnidxeHb i nybnikayit. 3HayHul
B8HECOK ¥y pO38UMOK cy4yacHux nmidxodie 0o 6i3Hec-
modentoeaHHs 30ilicHunu aemopu: J1. T. lopanek, I. I. ®ade-
esa, B. C. lloHomapeHko, C. B. MiHyxiH, C. B. 3Haxyp,
1. Jlyica, M. Jlones, M. lacka, 4 [lenbine, M. Xammep,
Lx. Yamni, M. Pomep, [x. LLUyk.

BudineHHs1 HedocnidxeHUXx YacmuH 3a2asibHol npo-
6nemu. Y moli xe yac HedocmamHbO HayKosux rnpaub 8u-
ceimmoromb  ocobnugocmi 30iliCHEHHS ModentosaHHs1 6i3-
Hec-npouyecie 07151 2a30mpaHCnopmHux nmidnpuemMcms.

MocmaHoeka 3agdaHHs. PopMysaHHsI onmumMi3auiliHoi
modeni pe3ynbmamusHocmi 6i3Hec-rpoyecie Ha OCHO8I
cucmemHoz20 O0CniOXKeHHsT mexHoozii mpy6ornpogidHo20
mpaHcrnopmysaHHsi MPUPOOHO20 2asy.

Buknad ocHogHo20 mMamepiany. Y cmammi dogedeHo
HeobXiOHICmb EeKOHOMIKO-MameMamu4yHo20 MOOest8aHHs
bisHec-npouyecie eazompaHcropmHux niénpuemcms. Bcma-
HoefnieHo emarnHicmb 6i3Hec-modentosaHHs. [lobydosaHa
Modesib OCHOBHUX MMOMOKI8, WO hopMyomb pe3yribmamue-
Hicmb nidnpuemcmea. HagsedeHo MyrnbmugakmopHy Mo-
denb pesynbmamugHocmi disnbHocmi nidnpuemcms 2arya3i.

BucHoeku. CehopmosaHa modesnb nepedbavae noema-
MHy onmumi3auito rnokasHuka pesynbmamugHocmi Ha OCHO8I
3HUXEHHS1 sumpamHocmi disinbHocmi ma 00360115l 8U3Ha-
yumu Haubinbw sazomi 06’ekmu (1020 ¢hopMys8aHHSs, sKi K
rokasytoms 00CriOXeHHs bysaromb Pi3HUMU Ha OKpemux
bi3Hec-npoyecax.

Knrovoei cnoea: modenosaHHs:; mpy6onpoegioHul
mpaHcriopm; eumpamu; 0oxiOHicmb; Modesb pe3ynbmamu-
8Hocmi; bisHec-rnpouyec.

Urgency of the research. Terms of active market competition and global integration processes of
domestic economy pose to entities the requirement of optimizing their operation. This problem has led
to a transition from functional management of economic systems to process-oriented, based on the
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study of business processes of production. The objective of this approach is to increase the efficiency
and quality of business processes. Business modeling for domestic enterprises is an important stage
of their development and effective competition in international markets, especially for those business-
es that are guarantors of energy, environmental and economic security. There is the important role of
the gas transportation system among them, which provides national and world economy with energy.
Making business modeling at these enterprises will enable identifying production bottlenecks (growing
expenditures) and efficient usage of hidden possibilities.

Target setting. Given that imported natural gas in the energy balance of Ukraine is about 60% of
the total consumption of natural gas and of it 12% is spent on the implementation of its transportation,
so the problem of optimizing the performance and efficiency of its transportation on the basis of pro-
cess-oriented management is urgent and necessary to resolve. Besides gas transportation system is
one of the main filling the state budget. Natural gas transmission through main pipelines is technologi-
cally complicated process and therefore business modeling for each manufacturing process separate-
ly will help to optimize the activity of the enterprises on the basis of sustainable use of power and re-
duce the cost of manufacturing, and this in turn will lead to economic and energy security of oil and
gas complex, in particular, and the country in general. Gas transportation system is an important eco-
nomic potential for national economy.

Actual scientific researches and issues analysis. A significant number of publications of foreign
and domestic authors were devoted to survey questions of current approaches to business modeling.
Among these authors we should note the works of L. Horal [1], . Fadeeva [2], V. Ponomarenko,
C. Minuhina, S. Znahura [3] revealing methodological and methodical questions of activity-based man-
agement companies in terms of the use of a process approach; P. Luis, M. Lopez, M. Gasquet [4],
D. Helbinh [5], revealing descriptions modern standards and performance of hybrid modeling of business
processes; M. Hammer, J. Ciampi. [6] Mike Rother and John Shuk [7] and many others whose works
were focused on the description of the sequence of operations and business procedures, structuring,
classification of business processes, search for relationships and interdependencies between them justi-
fication of reengineering as the main tool of strategic management. Research of scientific work in this
area led to the conclusion that they have paid little attention to the design and modeling of business pro-
cesses in vertically integrated companies, namely at the enterprises of pipeline transportation of natural
gas which today in active European integration are becoming competitively vulnerable, and therefore
they face the problem of optimization of process-based business modeling to reduce costs.

Uninvestigated parts of general matters defining. To move to a process-oriented management
should be solved the task of modeling business processes, which is a necessary condition for justifica-
tion of constituents and their structure. However, existing approaches to solving this issue are imper-
fect: different classifications of business processes are used; the principles of their selection aren’t
substantiated; various models of their description are applied. Theory and practice of business model-
ing substantiated the presence of a wide range of models of strategic management and planning, in
which depending on the particular environment and separate companies the basic principles, tools
and components were implemented.

The research objective. The purpose of the article is to build the optimum model of business process-
es performance on the basis of systematic research of natural gas pipeline transportation technology.

The statement of basic materials. Modeling business processes of main gas transportation is to
determine and optimize the input parameters of each stage of business modeling to achieve optimum
values of performance criteria. Formation of the final results of efficiency is based on the integral func-
tions of each of the specified criteria and thus the pattern of performance indicators is formed:

Function of expences E = [ f(a,b) - min,wherea ,b > 0,aex;, bex;,
{ Function of profitability P = [ f(a,c) - max,wherea ,c > 0,cex; Q)
Function of effectiveness E = [ f(a, b,c) - min, where a,b,c > 0,

where a - a group of parameters (factors) that affect all functions of performance (performance in-
dicators);

b - group parameters (factors) that influence the expediture of business processes;

¢ - a group of parameters (factors) that affect the profitability of the business processes.
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Efficiency (effects) activity is determined by two parameters expediture and profitability and there-
fore they are integrated into the performance index, which is expressed through profitability of activity.
At the enterprises of gas transportation system the natural gas pipeline transportation technology as a
system of business process consists of the following elements [1]: transportation through the linear
part, gas compression, its distribution and storage (Fig. 1).

The first phase includes business modeling simulation of the production process facilities of linear
constructions, they are: pipeline; shut-down devices (linear faucets, valves, water and condensate ex-
stractors, starting and receiving cameras) [8]. The object of forming business process efficiency at this
stage is the energy of gas flow.

The second stage of business simulation includes modeling of gas compression manufacturing
process and it is carried out on the compressor stations main and auxiliary facilities. Compressor sta-
tions (CS) are used to increase gas energy and pumping it to the linear part. Gas pressure increase is
taking place in the compressor shop (CS), which is the basis of the CP.

At the entrance to the compressor station a gas processing plant (GPP) is installed, and after the
compressor shop — gas cooling unit (GCU). Therefore, business modeling of gas compression manufac-
turing process includes three main subprocesses: gas processing; gas compression; gas cooling; meas-
urement, control and management of technological parameters of the CS and the pipeline before and
after CS [9]. The object of the business process efficiency forming is the amount of transported gas.

Gas treatment for its transportation is conducted at the several stages: in the bottomhole formation
zone, in the field, on the linear part at the main gas pipelines CS and finally - at gas distribution sta-
tions (GDS). Gas flow treatment from solid and liquid impurities occurs before CS at gas processing
plants through dustcatchers and separator filters, the main production parameter which has influence
on the production flow (flow of natural gas) - gas flow pressure.

Gas compression is carried out by using gas compressor units (GCU) installed at compressor sta-
tions. At the national gas transportation enterprises GSU of the following types are installed: turbine,
electrical, piston. The main parameter of the compressor performance is productivity, the degree of
compression, the gas temperature at the outlet and the power consumed by the compressor.

The principal production stream at the main gas pipeline facilities is natural gas flow. The effective-
ness of the whole production process depends on its quality. The profit of the company is set on the
scope of performed gas transportation work by consignment, which is calculated by multiplying the
volume of transported gas at plot length through which transportation is carried out. However, along-
side with the production flow it is important to examine the entire information stream qualitative and
quantitative parameters that ultimately will shape the simulation model of company performance effi-
ciency (Pic. 1). The quality of gas flow movement is formed under the influence of two basic factors -
the volume of transported gas and transportation time.

The types of flows, shown in Pic. 1, are available in all business processes and they are formed
under the total influence of factors of basic business processes, thus, the flow efficiency is an integral
synergistic indicator of business processes effectiveness and coherence. Each flow passing through
a separate business process acquires new qualities, properties and quantative parameters. The prin-
cipal result of our proposed business model is a functional dependence of enterprise profitability on
the structure of expenditures of each business process.

Production flow

Information ’\ Flow of efficiency J\ Company performance
(key factors efficiency

Consumed flow / determination) (production)

Profit flow

Pic. 1. Simulation of main flows that form enterprise performance
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In the process of business modeling it is important to note stream-lining of manufacturing opera-
tions, that is, with each step of the business process the change of every type of technical, industrial
and economic indices occurs. Even if the index characterizing the business process of the first stage,
has no relation to the third stage, in accordance with the laws of conservation of energy, the given in-
dex is converted (transformed) to other indices reflecting the activities of the respective stage. Howev-
er, it should be noted that there is a universal index accompanying any production process throughout
the whole life cycle. It is expenditure. While business modeling of natural gas pipeline transportation,
especially during the development of a market economy based on the principles of self-financing and
self-sufficiency, it is important to find bottlenecks of production, namely the centers of critical expendi-
ture that carry the greatest negative impact on the company performance efficiency. It is also im-
portant to determine the structural impact on the performance effectiveness, i.e. to show how the
structure of expenditures of particular business process affects the production efficiency of the enter-
prise.

Consequently, profitability is determined by the formula:

p=2=fi, 00 = Z=litZi=iBi g, @

n X n .
i:1El 1:1E1

where P - profitability of the enterprise, %;

Pi - profit of other business process, thousand UAH.;

li - income of other business process thousand UAH.;

Ei - expenditure of other business process, thousand UAH.

Because every business process performance obtains increment of growth, positive or negative,
and each performance index is a function that depends on a certain number of factors (parameters).
Using the methods of profitability (many variables) functions derivation determine how it varies with the
cumulative impact of the factors. Functional dependence of expenditure parameter on the factors af-
fecting it will be determined by the analytical modeling techniques, so, the general view of the expendi-
ture function E is as follows:

E =F(xy,x5,.., %) (3

where x1, x1, xn, - factors influencing the production expenditures.

Compression (compression) of natural gas is performed to increase the gas flow energy due to the
change of its volume in the pipeline. Such researchers as Yu. Hrudz [10], M. Zhidkov [11], S. Shcher-
bakov [12], Ye. Yakovlev [13] are engaged in the study of energy costs, losses of gas flow movement
through pipelines and forming energy balance of gas flow. In his book [10] Yu. Hrudz determined the
equation of gas flow energy balance being transported through the pipeline. According to his study
energy losses on natural gas pipeline transportation can be divided into useful energy application and
energy losses. Energy losses directed to the provision of the given pipeline gas capacity in conditions
of constant gas flow should be referred to useful gas application. This assertion is based on the main
purpose of the pipeline designation. All other types of energy expenses should be referred to energy
losses during transportation [11]. Thus, energy balance for the gas flow in the pipeline can be pre-
sented as the sum of all energy losses:

EB = EEu + AEin +U + AELin )

where EEu - useful energy expenditure;

AEin - internal energy of the gas flow;

U - power consumption to maintain the pipeline stress-strain state; AELin - inertial energy loss.

According to the above equation balance [11] the authors calculated ratio of energy consumption
data, which showed that the share of energy consumption to provide a given capacity of the pipeline is
negligible compared to the energy losses in transportation. Energy costs to maintain the pipeline
stress-strain state are minor (3%) and to cut them is almost impossible. The most important are dissi-
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pative (70%) and inertial energy losses (27%), the reduction of which will help to increase the efficien-
cy of gas pipelines. [11] To determine the costs of natural gas transporting through mains it is neces-
sary to set the price of energy consumption. Since we are talking about energy losses of the gas flow,
then energy expenditure will be determined going through the cost of natural gas.

At the first stage of natural gas transportation directly through the main natural gas transmission
pipeline network, and in which the object of expenditure calculation is the energy of production flow,
such functional relationship between the performance index of expenditure and the factors of impact
on it is obtained taking into account the energy balance of pipeline transportation of natural gas. In this
case, we can talk on the costs of business process of natural gas transmission through the main pipe-
line in a separate section of length L.:

E(1st stage)=F(Q, a, L, F, M, z, R, Tav, Pav, De, Ta, k, V, T, Cen) (5)

where Q — gas pipeline capacity min. M3 / day, F- cross-sectional area of the pipeline m?

L - pipeline length in km;

M - mass flow of gas;

Z - compressibility factor;

Rair - gas constant of air J / kg * K;

Pi, Pf - initial and final pressure;

i, Tf - initial and final gas temperature;

De - external diameter of pipe, mm;

Ta — ambient temperature;

K, k - full coefficient of heat transfer from gas to the environment;

V - total volume of metal of the pipeline walls, m?;

T - duration of unsteady process, hr.;

Cen - the cost of energy, UAH.

At the next stage input consumption will be received, determined by considering the effect of differ-
ent types of factors, so the following functional model will look like:

E (2nd stage) = E (1st stage) + AE, where (6)

where E (1st stage) - the expenditure of the first phase of the business process or the expenditure
production flow, which enters the following business process;

AE - gain of expenditure at the next stage of business processes modeling (2nd stage) is deter-
mined on the basis of functional dependence which is formed depending on the mode of the compres-
sor station operation and equipment installed on it:

AB =F(gfgc, gtn, ge, Png) (7)

where gfgc - fuel gas consumption for each GPU, thous. m*/h;

gtn - gas consumption for technological needs and technical losses CS (cost of starting and stop-
ping GPU) thous. m?;

gpsgc - power stations gas consumption for their needs, thous. m?;

Png - the price of natural gas, UAH.

In the study of parameters affecting the consumption process of gas compression depending on
the using type of gas compressor units, the following system of functional relationship will be obtained:

F(Tl, Q;glNl NrnJ Q;, Qp:a' 4t 9es Pfg) F(Tl, Q;g'NJ Nrn' Qg: Qp:a' Qt'NapJHcaw Pfg) (8)

F(n' q;g' N' N‘:L' Tav T[rl, Dpr ngr Qpl qer9er Pfg) F(n, q;gl Nr Nrnr Tar Tzrlr Dpr Q:vr Qpr qer Nupr Hsr Pfg)
AB= -
F(N'Trne,fh, Pel) F(n, Nrrrnerntrpel)

where n - number of GPU installed in CY;
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qr4 - rated fuel gas consumption considering corrections for allowance and technical state;

N - power consumption obtained by calculating the parameters of an injector;

N - rated power of gas turbines (GPBC), kWT;

T,, T, — design and rated temperature of air at the inlet to GTC, K;

Dp - design pressure of ambient air, MPa;

Qr, - rated calorific value of fuel gas kJ / m®;

Qp — lower calorific value of the fuel gas, kJ / m® at 293.15 K and a pressure of 0.1013 MPa;

a - coefficient considering loading;

Nop - operating power, KWT;

H.,, - average specific consumption, m®/ (kwh):;

N - power of consumption obtained by calculating the parameters of an injector;

T - time of drive operation h.;

ne and nt - correspondingly performance factor of an electric motor and transformer substations;

Pfg - the price of fuel gas, UAH;

P,; - the price of electricity, UAH.

The uniqueness of this model expenditure gain at the second stage is that it takes into account the
operation of various types of gas compressor units. For CS, which installed the same type of GPU, this
model will have a simplified view.

The third business process is identical to the first, so to simplify the simulation, only a part of the
pipeline that includes two typical business processes is choosen, as this is their principal combination
and within this section the most consuming center — CS was selected. Yield of natural gas pipeline
transportation is determined by three factors:

Y=F(Q, L, Ptr) 9)

where Q - the volume of transported gas, thous.,m?;

Ptr - the price of natural gas transportation;

L - length of the pipeline, km.

So, considering the above mentioned factors impact on the basic performance of business pro-
cesses the integrated model of determining the profitability of natural gas pipeline transportation can
be build a with limited production function, defined for a particular section of natural gas pipeline
transportation and has the form:

Q=F (pa, Ra, d, Pi, Pf, A\, A, Z, Ti, Tf, L), (10)

Where Q - pipeline performance min. m3/ day;
pa - density of air;
Ra - gas constant of air J / kg * K;
d - pipeline diameter, mm;
Pi, Pf - initial and final pressure, Pa;
A - hydraulic resistance;
A - relative density of gas;
Z - compressibility factor;
Ti, Tf - initial and final gas temperature K;
L - length of pipeline, km.
The profitability of the company is determined by integrating the profitability of individual business
processes:
P=[" P, (11)

where P - profitability of the company, %;
Pn - return of the n business process in the production system, %.
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Process-object approach to business modeling of natural gas pipeline transportation allows to fully
appreciate the yield and expenditures of the main natural gas transportation. Based on this approach
an integrated model of the company performance definition can be formed considering parameteriza-
tion of each business process, and as a result of which we receive:

F(, qf g, N, N, Ta, T, Dy, Qs Qs Ges Nogs Hy, Prg)
F(n,q}q, N, N2, QF, Qs @ Qe Nop Heaws Prg)  |)
F(n,N,7,1e,Me, Per)
F(, Qg N, N7, T, T, Dy, Qs Qs G Ger Prg)
F(n,q}g,N,NJ, QF, Q. @, G, Ges Prg)  |)

F(N,T, e, Nt Pet)
Q = F(py Rin ,d,P,,Pf ,AAZ Tin ,Tg L) » max, Quax < Quonm

F(Q L, Urp) — (F(Q,a,L,F,M,zR, Tav,Pav,D,Ta,k, V, T, P,;) +

dx

(F(Q,a,L,F,M,zR, Tav,Pav,D, Ta,k,V,T,P,;) +

(
%R:%’d
|
\

Conclusions. The result of business processes modeling of any company is to optimize its produc-
tion activities entailing: the change of organizational structure; optimization of functions of departments
and employees; redistribution of rights and responsibilities of managers; changing domestic regula-
tions and technology operations; new requirements for automating performed processes, and so on.
Business processes modeling which uses a systematic and phased process approach involves opti-
mizing the performance indicators based on expenditure reduction activities. Focusing on expendi-
tures is explained by the fact that given characteristic is more dependent on endogenous factors, as
well as profitability for vertically integrated structures, in particular for gas transportation systems it is
an endogenous factor and depends largely on decisions taken at the highest levels of management:
approval of tariffs for natural gas pipeline transportation through mains or determining the volume of
natural gas transportation under the contracts. Therefore, optimizing production in the context of ex-
penditures reduction is relevant and important to solve. Modeling business processes of production
allows determining the most significant objects of activity efficiency formation that as practice testifies
are different in individual business processes. This model performance of the company is multifactorial
and can be applied to a hypothetical pipeline, so the next step is to build a model for adaptive real

pipeline, and its solution will be implemented in a software environment.
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