‘St. Petersburg State Polytechnical University Journal. Economics no. 2(216) 2015
|

UDC 330.322.053.3=111 DOI: 10.5862/JE.216.9
E.K. Khusainova, E.I. Reyshahrit

THE ENHANCEMENT OF APPROACH TO EFFICIENCY
ESTIMATION OF ENERGY-SAVING PROJECTS
IN THE PETROLEUM REFINING

E.K. XycaunoBa, E./. Peitmaxpur

COBEPIIEHCTBOBAHUE IIOAXOJA K OLEHKE B3®PEKTUBHOCTU
OHEPTOCBEPETAIOIIINX ITPOEKTOB
B HE®TEIEPEPABATHIBAIOIIIENN OTPACJIN

This article is concerned with the problem of energy saving and energy efficiency increase in Russia’s petroleum
refining industry. Power-intensive production is one of the petroleum refinery sector’s characteristics. The costs of fuel
and energy resources are influenced by the production cost. This type of costs is found after the raw material costs in
the cost structure in petroleum refining. The article deals with typical development trends of the Russian petroleum
refining industry. Attention is drawn to the special aspects of energy consumption at Russia’s petroleum refineries. Lines
of the energy saving and opportunities to increase energy efficiency are formulated. Different classifications of energy-
saving measures are described in this text. The authors analyze the current approaches to the efficiency assessment of
the resource and energy-saving projects for industrial enterprises. The authors of this article worked out a relative
integrated index of the total effects due to the implementation of the energy-saving projects per 1 ruble of capital
investments. In order to develop a portfolio of the energy-saving program, it is proposed to select a number of
measures, ranking them according to the values of the worked out indicators. The best alternative of energy-saving
measures implementation for the petroleum refinery is the decrease of energy consumption, reduction of the energy
intensity of production, the potential increase in the yield of light petroleum products, fall of fees for the emissions into
the environment and improving the financial and economic development level of the region as a result of an additional
income to the regional budget. The original feature of the research is an enhancement of approach to the selection of
the energy-saving projects to be implemented. This approach allows taking into account the particular characteristics of
petroleum refining, which are energy saving, regional and environmental effects and the effect of quality.

PETROLEUM REFINERY; FUEL AND ENERGY RESOURCES (FER); ENERGY EFFICIENCY; ENERGY
SAVING; RESOURCE SAVING; ENERGY INTENSITY; ENERGY-SAVING MEASURES; RANKING OF PROJECTS.

CraThsl TIOCBSIIIEHA aKTyaJlbHOM Ha CETOAHSIIHUI JeHb MpobJieMe dHeprocoepekeHusl U MOBBIIICHUST dHep-
roaeKTMBHOCTH B OTEUECTBEHHOU HedTelepepadbaThiBalolieii orpaciau. HedrermepepabarsiBaiolas OTpaciib
XapaKTepU3yeTcsl SHEProeMKUM MpPOoU3BOACTBOM. 3arpatbl Ha TOP B HedTenepepaboTKe SBISIOTCS BTOPLIMU 10
BEeJIMYMHE B CTPYKTYpPE PacXONOB TOC/IE 3aTpaT Ha Chipbe. TakuM o0pa3oM, 3aTpaThl Ha BHEPropecypchl OKa3biBa-
0T BIMSIHME Ha pa3Mmep cebecToMMocTH HedTenpomaykToB. OIUCHIBAIOTCSA XapaKTepHble TEHACHIIMM DPa3BUTHSI
poCCHIicKOM HedTenepepabaThiBaOIIEll OTpacin. YAeseTcss BHUMaHHME OCOOCHHOCTHM 3HEpPromnoTpeblieHrs Ha
OTeUYeCTBEHHBIX HedTenepepadaThiBaOINX MpeanpusaThsaX. OnpeneneHbl HalpaBaeHUs SHeprocoeperaroiein nes-
TEJIBHOCTU W BO3MOXHOCTM TOBBILIEHUs 3HeproaddekTuBHOCTH B HedTenepepaboTke. PaccmarpuBatotrcst pas-
JIMIHBIE KJIacCU(UKAIMKM dHeprocoeperaionmx meponpuatuii. [IpyuBeseH aHaIU3 CYIIECTBYIOIIMX ITOAXOMOB K
olieHKe 3¢(HEKTUBHOCTY Pecypco- U dHEProcOeperaronimx MpoeKToB sl MPOMBIIIEHHbIX Npeanpustuit. Paspa-
00TaH OTHOCWUTEJIbHBIN WHTETPATbHBIN MOKa3aTelb CyMMapHOW BEJIMYMHBI BOSHUKAIOIINX TIPY peayn3aiuu SHep-
rocoeperarolmx npoekToB 3¢ dekToB Ha 1 pydsb KaNmUTAIbHBIX BIOXeHMI. OTOOp MeponpusTuii 1 ¢hopMUpo-
BaHMS TIOPTdEIIsT TporpaMMBbl SHEPTrocOepeKeHUsI TPETaraeTcsl OCYIIECTBIISITh C YIeTOM TMPOLeAYphl PAaHXKUPOBa-
HMSI TIO 3HaYeHUsIM AaHHoro nokaszatens. Jns HII3 onTumanbHBI BapuaHT pean3alliy dHeprocOeperaronmx
MEPOTIPUSATUI TIPEATioNaraeT CHIDKEHWE SHEProroTpeOIeHNUs, CHIDKCHUE SHEProeMKOCTH TPOM3BOICTBA, MOTEH-
LIMaJIbHOE YBEJIMUEHME BbIXOJA CBETJIbIX HE(MTENpPOMYKTOB, YMEHbIIIEHUE IUIAThl 32 BPEIHBIC BBIOPOCHI B OKpPY-
JKaIOIIYIO Cpely M TMOBBIIIEHNE YPOBHS (PMHAHCOBO-3KOHOMUYECKOTO PAa3BUTHSI PETMOHA B pe3yjibTaTe JOTIOJHM-
TEJIbHBIX TOCTYIJIEHUI B pPEerMoHabHbIN OroKkeT. HOoBM3HOI uMccienoBaHus SIBJSIETCS] YCOBEPIIEHCTBOBAHHBIN
MOAX0N K OTOOpY 3HeprocOeperamx MpoeKTOB IS pealu3alliid, KOTOPBI ITO3BOJISIET YUeCTh OCOOEHHOCTH
HedTenepepaboOTKM, a UMEHHO: B paMKax IMOIXoJa MpeaioXeHO OMUPaThCcsl Ha IHEProcoeperaroiimii, peruoHalIb-
HbIH, 9KoI0rnYecKuii 3¢ bekThl ¥ 2B GEKT B 00JaCTH KauyeCTBa.

HE®TEINEPEPABATBIBAIOLLIMN 3ABO/; TOIMJIMBHO-DHEPTETUYECKHUWE PECYPChI (TOP); DHEPTOD®-
®OEKTUBHOCTDb; BHEPIOCBEPEXEHUE; PECYPCOCBEPEXEHWE; BSHEPTOEMKOCTbL; B®HEPIOCBEPE-
TAIOLIME MEPOITPUATHUA; PAHXKWPOBAHUE IMPOEKTOB.
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Regional and branch economy

Petroleum refining industry is characterized
by energy-intensive  production  processes.
According to the «VNIPIneft» data, Russia
spends much more fuel and energy resources
(FER) to produce 1000 tons of refined
petroleum products than other European
countries (Fig. 1). The costs of FER are located
after the raw material costs position in the cost
structure for petroleum refining. Energy costs
accounted for more than fifty percent in the
structure of operating costs of the average
Russian petroleum refinery (Fig. 2).

Optimization of the energy consumption in
these enterprises can decrease production costs
by 20—40 %. Because of this decrease,
competitiveness of the petroleum refining

industry sector will increase, and environmental
pollution will be reduced.

Increasing energy efficiency and energy
saving were included in the top five priority
directions of the Russian economy modernization.
Energy saving is the realization of organizational,
legal, technical, technological, economic and
other measures aimed at reducing the volume of
the used energy resources, while maintaining the
consequent benefits from their use (including the
volume of production, works, services) [7].
Implementation of the energy saving programs in
accordance with the Federal Law No 261 «On
the energy saving and increasing energy
efficiency» is mandatory for petroleum refineries
(referred to below as «Federal Law No 261») [7].

rraicc

Fig. 1. Energy consumption for production of 1 thousand tons of petroleum products (tons of oil equivalents)
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Fig. 2. Structure of the average Russian refinery operating costs [1]
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Fig. 3. Classification of the energy-saving measures’ types at enterprises
One of the major objectives for the oil at improving the organization of energy
industry in the «Energy Strategy 2035» project management at an enterprise) (Fig. 3).
[12] is the balanced development of the The complex of Ilarge-scale projects to

petroleum refining in the direction of further
increase in the oil refining the increase in the
refined oil products quality. The solution to this
problem must be linked to the needs of domestic
and foreign markets, and must be based on the
development of resources and energy saving and
the reduction of losses at all process stages.
«Energy Strategy 2035» project defines the
following main areas of the energy saving in
petroleum refining:

— Increasing the depth of refining;

— Better utilization of petroleum-refinery gas;
Automation of the technological chain
management.

Mainly, the problem of energy conservation
is considered from the point of technological
aspects view of the energy-saving projects
implementation at the present day. The scientific
study of organizational and economic components
of the energy saving implementation is at an
insufficient level.

In terms of costs and a payback period all
the energy-saving measures can be divided into:

— Low cost group, with a payback period less
than 2 years;

— Average cost group, with a payback period
from 2 to 5 years;

— High cost group, requiring significant capital
costs, with a payback period of more than
5 years.

Energy-saving measures are also grouped by
their content: engineering and technical (aimed at
improving of technologies, processes, equipment,
etc.) and organizational and administrative (aimed
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modernize almost all the large and medium-
sized  petroleum  refineries have  been
implemented in Russia in recent years. The goal
is to increase the depth of oil refining and the
production of modern petroleum products,
primarily motor fuels that satisfy current
standards of the Russian Federation and the
European Union. Reconstruction leads to a
sharp increase in the consumption of all types of
FER at the refinery: fuel, electricity, water,
moisture vapour [4, 5].
The following areas of FER efficiency at the
petroleum refinery can be highlighted:
— Introduction of the automated process
control and process management systems (for

example, an automated system of technical
accounting of boiler and furnace fuels
consumption);

— Improvement of the waste heat utilization
efficiency (for example, installation of waste heat
boilers in the furnace);

— Increase in the furnaces efficiency;

— Improvement of heat pumps (for example,
the replacement of positive displacement pumps
to centrifugal pumping equipment with an
electric motor);

— Reduction in the technological losses (for
example, replacement and repair of pipelines

insulation);

— Use of low-grade waste heat for the heat
supply;

— Electricity saving lighting systems (for

example, the automation of lighting systems, the
use of the most efficient light sources);
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— The use of secondary (thermal) energy
resources (for example, saturated steam that is
formed in a recovery boiler for neutralization of
the hydrogen sulfide gas) and others.

The big problem for the petroleum refineries
is fouling and plugging in the heat exchangers,
which leads to an increase in FER consumption.
Moreover, fouling and plugging in the heat
exchangers is the cause of suspension of
production and the financial losses for the
company. The application of prediction tools for
fouling in the heat exchanger will save about 2%
of the total FER and improve the quality of the
maintenance service. [14, 15].

The inefficient use of energy has also a
negative impact on the Russian petroleum
refineries. The poor insulation of the heat
transport system, leaks in pipes, losses on power
lines, etc. lead to FER losses. Losses in the
processing industry can reach 40%, according to
McKinsey & Company consulting company
experts [8, 13].

The direct ways of FER saving in petroleum
refining are the measures related to an increase
in the overall efficiency of the fuel-using plant
units. The goal can be achieved by modernization
or replacement of such units. One of the indirect
ways of FER saving is the closure of the energy
cycle of the plant units for their own internal use
of heat energy with the exception of low-grade
heat emissions and secondary energy resources.
Another indirect way of FER saving is the
elimination of deficiencies in the steam supply
systems, the use of steam and condensate from
the exhaust heat exchange equipment, the
development of heat transfer surfaces and the use
of the modern heat-exchange equipment.

FER are mainly consumed by the process
equipment and, above all, facilities for the
primary crude oil processing. Therefore, it is
necessary for them to develop energy saving and
energy efficiency measures.

At a certain step, the company is faced with
the problem of determining the rational
composition and implementation's sequencing of
the most important measures on the basis of the
energy saving goals with accordance to financial
constraints and comparison of the benefits of
possible  energy-saving measures and the
implementation costs. Still it is possible to use
various investment sources for energy-saving

measures i. e. owner's equity; equity; combination
of both. Different financial constraints force a
company to implement a combination of
investment projects, which enable maximum total
efficiency under the optimal volume of
investments.

Usually the following basic indicators are
used for the economic evaluation of investment
projects:

— Net profit;

— Net present value (NPV);

— Internal rate of return (IRR);

— The need for additional financing;

— Yield indices of costs and investments;

— Payback period;

— Group of indicators characterizing the
financial standing of the company, participating
in the project;

— Resource productivity.

A distinctive feature of energy-saving projects
is that they are aimed at reducing energy
intensity, energy efficiency and energy saving
primarily. So their economic evaluation should
allow for not only and not so much profitability
and payback period, but namely economic result
of energy efficiency, which is expressed in the
reduction of production cost and gaining extra
profit . Also it should be borne in mind that the
most effective in terms of improving energy
efficiency and saving projects can be economically
unsound and have a long payback period and
significantly lower internal rate of return
compared with the investment projects of other
areas.

The foregoing features of energy-saving
investment projects cause the necessity of
methods improvement for their effectiveness
evaluating.

Some authors offer their own approaches to
address this issue. So the author of the article [6]
proposes to use a set of technical and economic,
social and environmental indicators to evaluate
the effectiveness of energy-saving projects.
(Fig. 4)

The article [2], proves the necessity of the
methodological approach to the selection of
resource-saving projects in the situation of
insufficient funding. The author proposes to
consider not only the economic effects of
implementation, but also its social effects. And
the social effect is the effect that characterizes
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Fig. 4. Evaluating the effectiveness of energy-saving projects

the process of the national welfare improvement
(upturn and alleviation labor conditions, changes
in its content, the development of creative
functions, abilities and needs of the people,
overcoming significant differences in labor, the
development of community, conservation and
improvement of the environment, etc.). The way
of living and quality of life are a general
indicator of the social effect. According to this
methodical approach, if a resource-saving
technology project meets the criteria of the
economic effect, it can be implemented by a
plant irrespective of the presence of a social
effect. If the project has a negative or minor
economic effect, its implementation might be
considered in terms of improving the public
welfare as a result of its realization.

Kryzhanovskaya G.S. [3] developed an
approach to the selection of projects in the gas
industry. The author suggests that the selection
of projects for the formation of a resource-saving
programs portfolio must be based on the
complex of criteria, using the procedure of
ranking and selection of the optimal
combination of strategic alternatives with
constraints on the required resources. The
complex of criteria consists of economic
indicators to assess the investment and index of
potential resource saving's use. The author chose
the following economic indicators: net present
value (NPV), profitability index (PI), payback
period (PP).

The main criterion for the formation of an
alternatives' optimal combination is a generalized
parameter that takes a probable decrease of
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resource saving's potential (Kgp) into account.
The parameter is calculated using the formula:
n RR
] _ RP, +RP, +..+RF,_ +RP, (1)
PR _, ’

0<Kgp <1,

Kpp =2
RP RP_,

where K, — coefficient of resource saving's
potential use; PR;_, — resource saving's potential

before implementing resource-saving programs,
tons fuel equivalent; RP, — using resource saving's
potential as a result of implementing the i-th
alternatives' combination, tons fuel equivalent;
RP, — using resource saving's potential through
the introduction of the i-th alternative, tons of
fuel equivalent.

Sergeyev N.N. [9—11] proposes to use the
ranking of energy-saving measures based on the
coefficient of their efficiency (K.,) in order to
optimize the necessary costs allocation for the
measures' realization. The coefficient is calculated

by the formula:
Ken= Ron/ Com, (2)

where R,, is the income gained from the
measures implementation, 1000 rub.; C,, is the
cost of the measures implementation, 1000 rub.

This coefficient shows the return of each
ruble invested in the energy-saving measure of
industrial enterprises. The smallest rank is
assigned to the measure with the highest
coefficient. A priority for the implementation of
energy conservation measures determined by the
smallest value of the rank (the highest value of
the calculated index respectively).
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All the approaches cannot take into account
all the possible effects of the energy-saving
measures implementation to the full. Besides,
they do not allow for industry specifics of the
petroleum refining.

From the point of view of the enterprise’s
interests, the value of the investment project
implementation should be lower, and efficiency
should be higher. But it is more important for the
created industrial project to provide maximum
resource saving in the operation. From the
enterprise's perspective, an efficiency estimation
of the energy-saving measures means defining the
most rational combination of the consumable
resources and the resulting effects. It is possible
with the help of the summary index of efficiency.

According to the author of this article, the
selection of measures for the energy saving
program portfolio should be carried out with the
procedure of ranking values of the worked out
relative integrated indicator of the total value of
the effects per 1 ruble of capital investments.
The following factors have to be taken into
account:

— Energy-saving effect;

— Regional effect;

— The effect of the quality;
— Environmental effect.

These effects are the most significant ones,
because of the main trends of development
analysis and the specific of the explored industry.

An energy-saving effect must be considered
because the cost of the FER has a significant
influence on the overall cost of petroleum
products. This effect shows itself as the reducing
energy intensity of production and expressed in
saving the FER, which will be received after the
project implementation.

The next effect that is taken into account in
the calculation of the index is a regional effect.
The share of the petroleum refining in the GRP
is up to 6% depending on the Russia's region.
The regional effect is an opportunity to increase
the level of regional financial and economic
development as a result of additional incomes to
the regional budget from the energy-saving
measures.

One of the key indicators of the petroleum
refining condition is the yield of white petroleum

products. The level of the yield of white
petroleum products, which include gasoline,
kerosene and diesel fuel, characterizes the

economic efficiency of petroleum refineries.
More expensive white petroleum products make
only approximately 56% of the Russian
petroleum products. This situation needs to be
changed. Thus, the third important effect is
quality. The effect of quality is a potential
growth of the revenue from the increase in the
yield of white petroleum products after the
project implementation.

Petroleum refinery is a source of environmental
pollution. Obviously, it is important for a
petroleum refinery to reduce the formation of
harmful substances directly at their source. In
this connection the fourth effect which is taken
into account in the index is the environmental
effect expressed in a fee decline because of the
emission reduction.

The total amount of effects consists of FER
saving, cost savings from the reduction of the
energy intensity of production, increase of
income to the regional budget, increase in the
revenue from the growth in the yield of white
petroleum products, economy of environmental
fees by reducing harmful emissions into the
atmosphere.

The index of the total value of the occurring
effects for 1 ruble of capital investments is
calculated according to the formula (3):

11

eff. of project

=2E;/ PC, 3

where E, is the i-th effect that occurs as a result
of the energy-saving projects implementation,
rub.; i = 1...4; PC — project cost, rub.

This criterion allows considering the main
types of the effects arising from the
implementation of the energy-saving projects,
and their total value. The index is calculated for
each project once.

The data source of potential measures to be
included in the energy saving program of
companies may be the results of energy
inspection (energy audit), and the Bank of Ideas,
organized within the enterprise. Energy-saving
measures, taken from the results of the energy
audit or the bank of ideas, must have a feasibility
analisys.

Energy audit in accordance with the Federal
Law No 261 [7] is a must for all petroleum
refineries. Energy audit must be repeated at least
once every 5 years. The main objectives of
energy audits are:
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— To obtain objective data on the volume of
the used FER;

— To define energy efficiency index-numbers;

— To determine potential energy saving and
energy efficiency;

— To develop a list of standards, open access
energy-saving and energy-efficiency measures
and to estimate their cost.

The Bank of Ideas is a database that stores
all the projects focused on solving the important
problems at the enterprise (for example, energy
saving, increase of the energy efficiency) and
proposed for implementation. The banks of
energy-saving ideas for the system management
of the energy saving measures' complex can be
formed both autonomously and as a part of the
bank of operational improvement ideas. Many of
today's companies, including petroleum ones,
develop and implement their own projects based
on crowdsourcing technologies. Crowdsourcing
means solving the problems of the enterprise by
volunteers, whose activities are coordinated with
the help of information technologies. For
example, the automated IT-system «The Bank of
Ideas and Innovations» was implemented in the
«Lukoil» company. <«Bank of Ideas and
Innovations» allows organizing collection,
processing and evaluation of the best practices
and suggestions of employees, as well as the
expert assessment of suggestions. The «Rosneft»
company also applies crowdsourcing. There is a
«Bank of innovation» and «Bank technologies»
in «Rosneft». A crowdsourcing model of
innovative development of «Tatneft» company is
an <«Auction of business ideas» automated
system. It is used for the search of optimal
decisions, formation and development of
innovative ideas and identifying the key
problems. Project participants are the employees
of «Tatneft», scientific and industrial institutions
and other registered users of the system, who are

ready to share ideas and discuss the proposals of
others.

Ranking is used to make management
decisions on implementing energy-saving measures.
The criterion for ranking is the index of the total
value of the occurring effects for 1 ruble of
capital investments. It allows identifying the
most actual measures for the petroleum refinery.
If the measure has the greatest value of this
index, it is assigned the highest rank. The largest
value of the rank shows the priority of the
energy-saving measure to be implemented.

Conclusions. Reconstruction and modernization
of the petroleum refining industry leads to the
increased consumption of FER.

Implementation of the measures aimed at
improving energy efficiency and energy saving,
should be based on the ranking procedure which
allows for financial constraints and on the basis
of the proposed integral index of a relative total
value of the cumulative effect, which includes
energy-saving, regional and environmental
effects, and quality effect.

Ranking based on the elaborated indicators
gives an opportunity to develop the alternative to
the energy-saving measures. This alternative
proposes a decrease of energy consumption,
reduce the energy intensity of production, the
potential increase in the yield of white petroleum
products, reducing fees for harmful elements
emissions into the environment and improving
the level of region's financial and economic
development as a result of the additional income
to the regional budget.

The main results of implementing the energy-
saving measures are saving of water, fuel, heat
and electricity, and as a result, the reduction of
the negative impact on the environment and the
increase in profits by reducing the share of energy
in the cost of final products.
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