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Abstract

The oil processing enterprises are the largest consumers of fuel and energy resources, heat and electrical energy.
Efficiency, rationality of their use in oil refining processes in many respects is defined by overall performance of
processing equipment. Feature of processes for processing a hydrocarbon raw material is that technology processes
are imperfect. One of the priority directions of increase in efficiency of energy saving of oil processing productionsis
the maximum use of recuperation of warmth and optimization of operating modes of technology installations. The
article focuses on the use of refrigerating gector systems at the solution of the maost important problems of the oil
processing industry. The offered systems allow resolving effectively issues of energy saving and rational
consumption of fuel and energy resources of the dil industry enterprises. The scheme solutionsin the industry are the
priority direction of energy saving policy.

Keywords: refrigerating gector systems; liquid hydrocarbons; energy efficiency; energy saving; hydrocarbon
raw material.

1. Introduction

Annually, by different estimates, more than 1 million ton of hydrocarbons are thrown out. Specific losses of
hydrocarbon only at each operation of oil draining make 1.1-1.5 kg per 1 m® of the poured product.

The simple traditional low cost methods for the prevention of oil product losses (the respiratory valve, gas-
leveling system) are insufficiently effective. There are basic approaches to the storage of oil products by introduction
of superficially active agents. However, in practice these ways have not been widely applied.

Essential source of oil resources economy is elimination of losses at their production, processing, transportation
and storage. According to the specialists, using this method only, it is possible to receive up to 20 % of all fuel and
energy resources economy. Damage caused by these losses consists not only in the decrease in the fuel resources and
cost of the lost products, but also in negative environmental effects which are caused by environmental pollution with
oil products. Therefore, efforts on reduction of oil products losses give not only economic effect, but also are vital for
environment protection. Thereis a much more negative influence of petrol stations on environment, in comparison to
the other oil products storages.

It relates to the fact that, on the one hand, gas stations are placed in the large cities with a high density of
buildings and considerable concentration of motor transport, and on the other hand — with the fact that emissions
come from them at the height of only 2-3 m above the ground. Despite quite considerable losses of gasoline due to
evaporation the reservoirs of gas stations usually have no means for reduction of losses, except respiratory valves. It
is impossible to apply the pontoons in them since with change of a fluid level in the reservoir the area of the fluid
surface also changes significantly. In the conditions of petrol stations, the most preferable means of reduction of
emissions of gasoline vaporsto the atmosphere are systems for light fractions trapping (LFT).
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Advantages of application of these ingtallations:

100 % decrease in technol ogy losses of ail products due to evaporation during their transportation and storage;

considerable reduction of emissions of harmful substances to the environment;

maintaining of high quality of light oil products (gasoline, kerosene, diesel fuedl, etc.) at their long term
storage.

2. Scopesof LFT installations based on the g ector heat exchanger
The scopes of LFT ingallations based on the g ector heat exchanger are asfollows:

petrol gations,

tankers, railway tanks;
port terminals;
commodity oil depots;
storages of ail products.

Definition of oil product losses in Ukraine is regulated based on the normative documents. According to the
normative documents the general losses of il products consist of natural losses at storage, reception, issue and
transportation. One-time losses at accidents, repairs, etc are also included in the general losses. Natura losses are
defined as a difference between the general and one-time losses.

Taking into account the peculiarity of technical and economic calculations we will consider that the most
significant efficiency for defining the comparative economic efficiency of system modernization is the efficiency
assessment from the point of view of reduction of losses and economic efficiency of modernization instruments[1, 2].

The technical and economic calculations are carried out by some authors based on the cost value of storage of
one ton of ail products. And by other authors it is made on the basis of cost value of storage of oil product in 1 m® of
operational tank volume. At the sametime:
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where C, is cost value of storage of 1tone of oil product; C, is cost value of storage of oil product in 1 m® of
operational tank volume; E is operational costs per one year; Q isturnover of the reservoir during one year; V is the
maximum volume of the vapor-air mixture.

The norm of depreciation expenses for renovation from capital investments for modernization depends on
normative service life of technical improvement. The positive economic effect of gjector instrument application for
prevention of oil product losses is reached only if expenses for prevention of losses of 1tone of oil product are less
than the total value of 1tone of oil product.

The annual losses of gasoline due to evaporation are equal to the sum of losses due to small and big “breath”.
And they can be cal culated according to the devel oped technique for each reservoir separately.

P;=Xx-P,, (3)

where x isapart of losses from the reservoir.
Ki=P;-Ks+ Cru +0.35-C4, 4
where P;, P, are annual losses of gasoline due to evaporation (they are equal to the sum of losses due to small and
big “breath”); Cyy isthe cost of mounting of system for reduction of losses due to evaporation (4-5 % of value of the

losses reduction system), UAH; C; is the value of the system for reduction of losses due to evaporation, UAH; K; is
the accompanying capital investments consisting of expenses for mounting and trangportation of system, UAH; Ksis
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the specific accompanying capital investments, UAH (they are calculated based on the following ratio: for receiving
1tone of gasolineit is necessary to spend 5 tons of crude ail).

Cost value for storage of gasoline in the reservoir equipped with system of reduction of losses is calculated by
the formula:

&
c’ v (5)

the payback period is

Ky
E1' Ez ,

(6)

where E,, E, areannual operating costs before and after modernization, respectively; V;, is the reservoir volume, m®.

The calculations were carried out for the installation working with tanks of big sizes (RV S-1000, RV S-2000,
RV S-3000, RVS-5000 that RVS-10000) for NPIK Zirka Ltd in the city of Zaporizhia. The calculation results are
presented in Tables 1-3.

3. Reaultsof the research work

Table 1. Expenses for installation design.

No | Typeof activity The cost of the performed work (UAH)
1 Calculation and sdlection of the equipment 4.000

2 Expert assessment 500

3 Execution of the working draft 6.500

4 Drawing up estimate documentation 2.000

Total: 13,000

Table 2. Expenses for ingtallation of the equipment

No The equipment from the project Cost (UAH)
1 The fan with protection 22.000

2 Ejector heat exchanger assembled 3.000

3 Vessd for nitrogen supply 5.000

4 Pipelines assembled 2.000

5 Shutoff valves and devices of automatic equipment, and protection 7.000

Total: 39,000

Table 3. Operationd costs during the installation work

Operational costs Cost (UAH, per year)
Ingtallation service (in combination) 3.000*12 = 36.000
Cost of liquid nitrogen 80g per 1L petrol.

800*12=9.600
9.600*12=115.200 (UAH)

Electric power expense 75kvt*12=900
900*1.5=1.350

Total: 152.550
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The results of experiments have confirmed the relevance of application of nitrogen for cooling the flow of mix of
air with hydrocarbons in the heat exchanger of the gector, for condensation of hydrocarbons of different brands of
gasolines, bioethanol and diesd fud, and for their separation.

Application of the ingallation with the gjector heat exchanger for condensation of the low-boiling hydrocarbons
at oil depot will provide protection of the environment from the vapors of hydrocarbons.

The drawn conclusions concerning the efficiency of LFT gector system application arefair in case of connecting
one of big reservoirs with gasoline to it. At the number of the connected reservoirs bigger than 5 the LFT gector
system may come out of competition.

Let's define what number of emissions is formed during functioning of the tank farm consisting of 8 reservoirs
and annual turnover of dil equal to 300.000 tons.

The following designations and assumptions are accepted for calculation:

A tank volumeis equal to 20.000 m®>.

B isthe amount of liquid loaded into the reservoirs within a year, ton/year.

M isthe maximum emissions of pollutantsinto the atmosphere, g/s.

G isannual emissions of pollutants into the atmosphere, ton/year.

tis the temperature of beginning of liquid boiling, °C.

Tmin, Tmax are temperatures respectively at maximum and minimum loading of liquid in the reservoir, °C.
N; is the number of reservairs, piece.

Psg ispressure of saturated vapor of gasolinesand oil a T =38 °C.

K™, K" are the experimental coefficients equal to 0.78 and 0.42 respectively.
Ky isthe experimental coefficient equal to 0.62.
K istheturnover coefficient.

V™ isthe maximum volume of the vapor-air mixture which isforced out of the reservoirs during downloading,
m?/h.
Kg is the experimental coefficient equal to 1.P isdensity of liquid, t/m?.

Table 4. Data of a product

Product | Pss, mmm.c. | T,°C | Twin°C | Tma °C | V., mh | B, ton/year | P, ton/m®

Oil 420 42 10 32 56 300.000 0.74

Gross emissions of vapors of oil are calculated according to formulas (7) and (8) [4]:
— maximum emissions (M, g/s):

_ 0.1635P, K™ K T K g A
M = e , (7)

—annua emissions (G, ton/year):
G = 0.2945P, smx(K ™ =K g + K™ ) *K P =K, xB/ 10", (8)
The maximum emissions and annual emissions will make;

M =0.163-420-63.7-0.78 - 0.62 - 1.0 - 56 / 10* = 11.8100 ¢/s.
G=0.294-420-63.7 - (0.78 - 1.0 + 0.42) - 0.62 - 1.35 - 300000 / 10" = 237.0085 ton/year.
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Thus, when functioning the tank farm consisting of 8 reservoirs and annual turnover of oil equal to 300,000 tons
there are 237 tons of pollutants released into the atmosphere.

4, Conclusion

The existing processing equipment at the facilities of oil refinery often does not provide the necessary operating
parameters even after optimization. And it is economically reasonable to implement the highly effective resource-
saving equipment.

In many cases along with increase in energy efficiency of such equipment there are also other important
problems to be solved, i.e. decreasein metal capacity and increase in operating reliability and maintainability.

Summing up the results it should be noted that cost on design and acquisition of the equipment and also its
mounting has made (UAH) 53,000. Annual operational costs have made (UAH) 152,550. Based on the carried-out
calculationsit is possible to claim that installation pays off less than in a year.

Implementation of the devel oped system of protection of the atmosphere based on trapping of light fractions of
hydrocarbons of oil will provide reduction of losses of light fractions of oil to 98 %. It is 20 times less than annual
emission of pollutantsinto the atmosphere from the reservoirs functioning without systems of trapping.

The advantages of the provided scheme isthat thereis no need in a separate pump which allows to reduce capital
investmentsin system of trapping of light fractions at a stage of its implementation, and at its operation due to electric
energy saving, minimization of servicing and increase in reiability of instruments for reduction of losses.
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EneproeeKTUBHICTH X0J0AUJIBHUX €KEKTOPHUX CHCTEM
JJIs1 KOHAEHCcAUIl PiAKNX BYIJIeBOAHIB HAQTONPOAYKTIB

€rop byroscbkuii, Bonogumup Koryr, Bonoaumup bymmanos, Muxaitno XmenbHiok

ITnuemumym xonody, kpiomexnonoeiti ma exkoenepeemuxu im. Mapmunoecvrozo O0ecbkoi HayioOHAIbHOL akademil
xapuosux mexnonozii, eyi. [Jeopancera, U3, m. Odeca, 65082, Vrpaina

[MiampuemcTBa nepepoOku HaTH € HAKOIIBPIINM CIOKHUBAYEM MATUBHO-€HEPTEeTUYHHX PECYPCIB, TEIUIOCHEPTIl
Ta eNeKTpu4yHoi eHeprii. EdeKkTuBHICTh, palioHANBHICTh IX BUKOPUCTAHHS B Ipolecax nepepoOku HadrTu Oarato B
YOMY BHM3HAYAETHCS 3arajbHOI0 TPOAYKTHBHICTIO TEXHOJOTIYHOro oOjamHaHHs. IIpoTe TEeXHONOrIYHI YCTaHOBKH
OllepalifHUX MiANPUEMCTB, SK MPaBUIIO, BEIHMKA MOTYXKHICTh, MOOYAOBaHA 31EOLIBIIOrO 0arato pokiB TOMY, He
BI/IMIOBIIAIOTh Cy4acHHMM BHMOTaM JI0 SIKOCTi NPOJAYKTY, Oe3meli, piBHEM aBTOMAaTW3allii YIpaBJiHHS HpolLEecaMu
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tomo. OcoONUBICTH ONMpAIIOBaHHS BYTJIEBOJHEBOI CUPOBHHHU — TEXHOJIOTIYHI MPOIIECH HeAOCKOHami. Tomy omHuM i3
MIPIOPUTETHUX HANPSAMIB IiJBUIICHHS €(QEKTUBHOCTI EKOHOMIi E€HEproHOCiiB HadTonepepoOKH € MaKCUMajbHe
BUKOPHCTAaHHS BiJJHOBJICHHS! TEIUIOTH Ta ONTHMI3allis PEXHMIB pPOOOTH TEXHOJOTIYHHMX YCTaHOBOK. Y 0araTbox
BUIIaJIKaX Pa30M i3 TiJBUIIEHHSIM TEIUIOBOI €(PEKTUBHOCTI TAKOro OOJIaJHAHHS TAaKOX BHPIIIYIOTHCS HE MEHII
BXUTUBI MPOOJIEMH: 3MEHIICHHs CIIOKMBAHHS MeETajy, IABUIIEHHS HAJIIHOCTI Ta IPOCTOTH EKCIUTyaTallii.
30cepepKeHO yBary Ha BUKOPUCTaHHI XOJOAMJIBHUX €KEKTOPHUX CHUCTEM y BHPILIEHHI HAHBaXIIUBIIIUX IMTpo0iieM
raiy3i HaTonepepoOKu. 3arnporoHoBaHi CUCTEMH Jal0Th 3MOT'y e()eKTHBHO BHPIIIYBaTH NMUTAaHHS €KOHOMIi eHepril
Ta PalliOHANBHOTO CIIOKUBAHHS ITaJIMBHO-CHEPTeTHYHHUX PECypCiB MiAnpueMcTB HadromoOyBHOI mpoMucioBocTi. Lli
CXEMH DILlIeHb Y Tajly3i € MPIOPUTETHUM HANPSIMOM IONITUKH EKOHOMIT eHeprii.

Karwou4oBi ciioBa: XonoAwiIbHI €XEKTOPHI CHCTEMH; PifKi BYIJIEBOIHI; €HepreTuuHa epeKTUBHICTh; €Hepro-
30epe)KeHHs]; BYIJIEBOJHEBA CHPOBHHA.



