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IDENTIFICATION OF OBJECTS
PRIORITY FOR CONDUCTING ENERGY
MONITORING

O6’exkmom docrioncents € cucmema eHepzemuun0z0 MoHimopuney. /lns 00CsizHeHHsT BUCOK020 PIGHS eHepzoe-
pexmusrocmi na 6yovb-aKoMmy NIONPUEMCMEE He0OXIOHO NPoBoOuMmU NePiooudny OUIHKY DIBHS Pe3YIbMamueHOCI
eHnepeosbepizarouol disiwrocmi, mobmo nposodumu enepzemuunuil mowimopune. OOnum 3 HaUOINLWL NPOOICMHUX
MICUb NPU CMBOPEHIHT CUCTNEM EHePZeMUUH020 MOHIMOPUHZY € GUSHAYEHHS NPIOPUMemHOCME 00 ¢KMi6, OJLs AKUX MONC-
JUBO ma QouinLHo nposodumu monimopue. Ilpu eusnauenni 06°ckmie, 0nst AKUX € OOULIBHUM CMBOPEHHSL CUCTEeMU
eHepeemuuH020 MOHIMOPUH2Y, CIi0 8PAX08YEATU OCHOBHI BUMOZU, SIKUM MAOmMb gionosidamu maxi 06 exmu. Ceped
MAKUX 6UMO2: POSMAWYBAHHS 00 €KMI6 6 00HOMY AO0 CYMINCHOMY NPUMIUEHHAX, COUNUT MEXHOL02IMHULL NPOUEC
ma Kepysanms yumiu 00’ eKmamu neseaukoi Kitbkocmi onepamopis. Bionogiono do sasnavenux sumoz 6 pobomi 6ye
3anpPononosanull anzopumm subopy 06’ €xmie 0 CMEoOPens CUCMeMU enepzemuunozo monimopurnzy. Ha nepuomy
emani 6ce 0O1a0HANHS NIONPUEMCMEA MAE OYMU PO3OLIEHO HA HeBeUKY KIIbKICMb 2pYN 34 MEXHOLOZIUHUM NPUH-
yunom. Hacmynuum kpoxom € no6yoosa 6aiancié cnojicusanis enepeii okpemo 0ist KOICHOZ0 3 MEXHOL0ZIUHUX NPO-
yecis supodHuymea ecix 6udie npodyxkuii nionpuemcmsa. /[is ckiadanmst OANAHCIE eHeP2OCNONCUBAHHS MONCe OYmu
3acmocosana memoouxa nodyo08uU ONMUMATLHUX POIPAXYHKOBUX Modeiell enepeobanancie. Ha ocnosi ompumanux
PO3PAXYHKOBUX 3HAUCHD CRONCUBANHS eHEeP2ii HA GUPOOHULMEBO KONCHO20 6UdYy NpodyKyii moxce Oymu 30iticHenull
PO3n0din obradnanms na Oinviu OpioHi epynu, uxodsyuu 3 060x Kpumepiis. /lo maxux kpumepiie 6i0HOCAMbCsL Micye
POSMAYBaAHHS 0OIAOHAHHS MA iX HCUBTEHHS. eHepeicto 6I0 00HUX 1 mux e curosux nynkmie. Ompumani epynu
obaonanms A6s10mMo c06010 Nonepeoni 00 ekmu, 0OHAK Ue He 03HAUAE, WO 0L MAKUX 00 €KMI6 € QOUIILHUM CMEO-
PEHHS CLUCMEeMU eHePeemuyH020 MOHImopuHzy. B pobomi 3anpononosano supiuenis 000amxosux saoau, 30Kpema:

— BUSHAUEHHSL CKAAOY YUHHUKIG, SKI BNIUBAIOMYb HA 00CSA2U eHEP2ZOCRONCUBAHHSL

— JouinbHicmy 6CManosents 000amKosUx NPULAdie 00Ky eHepzoCnoNCUCAHHS, BUPOOHULMEA NPOOYKYil ma
THWUX napamempis;

— OYIHKA ZPOULOBUX BUMPAM HA CMBOPEHHSL CUCTNEM;

— OYIHKA NOMEHUIANY eHepeo30epelceHss;

— inancosull anaris OOULILHOCMI CIMBOPEHHS CUCTEM.

3asosaxu upomy 3abesneuyemocs MOICAUBICTL OOTPYHMOBANO BUSHAUUMU 00 €KMU, OILS AKUX € TNEXHIUHO MOJNC-
JUBUM T (PIHAHCOB0 DOULILHUM CTNBOPEHHS CUCTEMU EHEePZEMUUHO20 MOHITNOPUHZY.

Kmouosi cnoBa: 6nposadicenis CUCTIEMU eHeP2eMUUHO20 MOHIMOPUHZY, PIBEHb eHepzoedeKmueHoCmi nionpu-
EMCMBA, BUKOPUCTMAHHS eHePZOPECYPCIB.

Borichenko 0.,
Cherniavskyi A.

1. Introduction

Increasing the level of energy efficiency of the en-
terprise is one of the main tasks of modern production.
A significant portion of the cost of production is the
component for the used energy resources. Despite the
constant increase in tariffs for fuel and energy resources,
it is advisable to analyze and control energy consump-
tion and maximize its reduction in order to increase the
competitiveness of goods in the domestic and international
markets.

The solution of these problems, first of all, should
begin with the improvement of enterprise management
systems, especially in optimizing energy consumption ma-
nagement systems through the introduction of energy
management systems (EnMS) in enterprises, both on the
basis of international and national energy management
standards [1, 2].

Regardless of which standard is used by enterprises in
implementing the EnMSs for its effective functioning, it
is necessary to periodically assess (monitor) the level of
EnMS efficiency and, based on its results, develop and

implement a set of preventive and corrective measures to
increase this level. One of the important tasks that need
to be addressed in the process of energy monitoring is
the choice of the priority of monitoring objects.

According to the recommendations of the international
standard ISO 50001:2011 [1], the priority of monitoring
objects is established on the basis of the energy capacity
of the element (the most energy-intensive facility is de-
termined, in it — the most energy-intensive site in which
the most energy-intensive facility is located).

However, the ownership of an installation in an energy-
intensive one is by no means always a sufficient condi-
tion for the element to be monitored primarily (before
other elements, less energy-intensive). This is due both
to financial constraints and the economic feasibility of
implementing such monitoring system, as well as to the
technical feasibility of its implementation for a particular
facility.

Therefore, it is urgent to develop a mechanism for
determining the priority of facilities that are technically
possible and economically feasible to include an energy
monitoring system.
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2. The ohject of research
and its technological audit

The object of research is the energy monitoring system.

Given the fact that modern concepts of building EnMS
are based on the use of a process approach, it is logical to
decompose this activity into simpler processes and monitor
these processes. In the general case, a «process» can be
defined as <«a set of interrelated or interacting activities
that convert something at the input to the output». In
this case, the process can be [3]:

— planning process (organization, analysis, control ...),

implementation of activities;

— operating of individual installations;

— operating of the technological line, section, shop;

— operating of the enterprise as a whole and the like.

At each point in time, the level of performance of the
facility in the field of energy management (as a set of in-
dividual processes) is characterized by a set of indicators
that, under the influence of external and internal factors,
are constantly changing and taking definite values. The
most important is the EnMS state, in which it functions
in accordance with specified criteria, and its indicators are
within acceptable limits. Violation of the permissible limits
of the indicators of EnMS energy performance can lead to
a violation of its normal functioning. Therefore, any EnMS
requires periodic assessment of the level of effectiveness of
its functioning, that is, in carrying out energy monitoring.

Energy monitoring in this article, as in [3] is observa-
tion, tracking, analysis and evaluation of the performance
of the facility in the field of energy management for the
selected set of performance indicators. As performance
indicators can be used as single absolute and/or relative
indicators, as well as more complex integral indicators or
even single and multifactor mathematical function [3, 4].

The main goal of energy monitoring is assisting the
company’s top management in developing optimal man-
agement decisions and developing recommendations for
improving the efficiency of fuel and energy usage in the
enterprise by conducting continuous monitoring and as-
sessing the state of fuel and energy consumption. As well
as the level of use of the energy saving potential , sources
of losses and volumes of irrational use of fuel and energy
resources by production and support units, technological
processes and individual consumers, the results of imple-
menting energy-saving measures.

Traditionally, energy monitoring systems are created
and used for individual installations, aggregates and small
groups of them, and for whole technological processes.

At any production facility, the number of process instal-
lations is measured in hundreds or even thousands. For
the implementation of energy monitoring system, there
is potentially a need to build hundreds of local systems,
which is associated with significant time and costs. And
the expediency of these costs is far from always obvious.

The choice of individual process units, their groups
or technological processes for which it is possible and
appropriate to create local energy monitoring systems, is
a rather complex task. The solution of this task should
be carried out «individually» for each production facility.

Determining local technological facilities that can be
and is feasible to cover the energy monitoring system [5],
first of all, it is suggested to take into account such re-
quirements that these objects must meet:

— equipment to which the monitoring system is in-
tended to be distributed should be located in one or
in adjacent production facilities so that there is the
possibility of organizing a unified record of its total
energy consumption;

— such equipment must be united among themselves by
a single technological process, that is, shared to produce
the same type of product or several of its types;

— such equipment should be managed by a small num-
ber of operators, so that the human factor’s influence
on the process of energy consumption is minimal.

3. The aim and ohjectives of research

The aim of research is creation of methodological bases
for selection of objects for which it is advisable to extend
an energy monitoring system at an enterprise.

To achieve this aim, it is necessary to perform the
following tasks:

1. To formulate the basic requirements for objects for
which it is appropriate to extend the energy monitoring
system.

2. To propose a general algorithm for solving the prob-
lem of the choice of technological objects, for which it is
advisable to extend an energy monitoring system at an
enterprise.

3. To identify and solve additional tasks in terms of
the feasibility of establishing energy monitoring system
for pre-defined equipment groups.

4. Research of existing solutions
of the prohlem

In [5], the authors propose an original concept for
constructing integrated systems for monitoring the effi-
ciency of the use of electrical energy at production and
economic facilities. However, this concept only applies to
the consumption of electrical energy, which, unlike fuel
consumption or thermal energy, may not be a significant
use in the total consumption of fuel and energy resources.

The publications [6—9] describe world trends in the
construction and application of energy monitoring systems,
as well as systems for operational control of energy ef-
ficiency. Such systems have proved themselves in foreign
practice as an effective tool for the operational control
of the efficiency of the use of fuel and energy at local
technological facilities. However, in these works there is
no definite approach to the choice of objects to which
it is advisable to extend such systems.

The papers [10—12] are devoted to the construction
of energy saving monitoring systems in EnMSs, but there
is an unresolved issue of justifying the choice of facilities
for the creation of such systems.

A description of the methodology for constructing sys-
tems for operational control of energy efficiency is given
in [13]. Despite the fact that in this work the issues of
selecting monitoring objects are not fully disclosed, it is
proposed to establish energy accounting centers for the
most energy-intensive consumers.

The above publications on building energy monitoring
systems do not even address the choice of priorities for
energy monitoring facilities, or the issue has been described
in a rather fragmented manner. Or the proposed approach
is in determination of only the most priority element.
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However, in practice, the need arises not for the defini-
tion of the most priority element, but for the compilation
of all elements according to the priority level. To solve
this problem, it is proposed in [3, 14] to use a multicri-
teria approach using, for example, the Analytic Hierarchy
Process, which algorithm is described in detail in [15].

5. Methods of research

Taking into account the above main requirements, the
general algorithm for solving the problem of selecting pro-
cess objects for building a system of energy monitoring of
local objects in any enterprise can be as follows.

At the first stage all the main and auxiliary equip-
ment of the enterprise should be divided into a certain,
relatively small number of groups. It is most expedient
to carry out such a distribution on a technological basis.
That is, the existing technological equipment needs to be
distributed among the technological processes of produc-
tion of all types of the enterprise’s products.

For this purpose, first of all, it is necessary to draw up
diagrams of the corresponding technological processes that
should reflect the sequence of individual operations and
the relationship between them. And also information about
the equipment on which these operations are performed,
indicating the types of energy resources, while consuming.

The next step in the solution of the problem should be
to build energy consumption balances separately for each
of the technological processes of production of all types of
enterprise products. To do this, it is possible to apply the
technique, described in detail in DSTU 4714:2007 [16].
In addition, to compile balances of consumption of elec-
trical energy in the production processes of each type of
products, the method of constructing optimal design mo-
dels of the electric balance, given in [17], can be applied.

On the basis of the constructed energy consumption
balances and the generated technological schemes, the actual
volumes of energy consumption for the previous periods in
the enterprise can be reasonably distributed among all types
of products. Thus, it is possible to obtain pseudo-statistical
data on energy consumption for the production of each
type of product, which are necessary at the subsequent
stages of identifying local technological facilities for the
creation of an energy monitoring system in the enterprise.

The next step in solving this problem should be to
separate the main and auxiliary equipment, referred to the
technological process of production of each type of product,
into smaller groups. Such further grouping of equipment
should be carried out on the basis of two criteria.

The first of these criteria should be the location of the
relevant equipment in those or other buildings, structures
or production facilities. Obviously, equipment belonging to
the same building or structure, or in one or in adjacent
premises, should be included in one group.

The second criterion for further grouping of the tech-
nological equipment of the enterprise should be schemes
of internal power supply of the corresponding buildings,
facilities and production facilities. That is, equipment located
in the same or in adjacent premises can (and should) be
further distributed to even smaller groups, which power
is supplied by electricity from the same power points.

The resulting groups of technological equipment ob-
tained as a result of this additional distribution represent
the previous objects for which an energy monitoring system

can physically be built at the enterprise. However, this
does not mean that the creation of an energy monitoring
system for these objects is advisable.

So, for the final solution of the considered task, it is
necessary to further analyze the pre-installed equipment
groups from the point of view of the feasibility of their
coverage by the energy monitoring system.

Such analysis, in turn, requires the solution of a number
of additional tasks. The main of these tasks are:

— determination of the composition of factors (process

parameters, external conditions, etc.) that affect the

energy consumption of each of the predefined equip-
ment groups;

— determination of additional meters for energy consump-

tion, production, as well as parameters characterizing the

operating conditions necessary for building an energy
monitoring system for each of the equipment groups;

— estimation of monetary costs for the construction

and operation of such energy monitoring system;

— estimation of the energy saving potential, which

will be due to the creation of an energy monitoring

system covering each considered group of equipment;

— financial analysis of the feasibility of establishing an

energy monitoring system for pre-defined equipment

groups.

6. Research resulis

The algorithm for selecting the objects for which it
is necessary to distribute the energy monitoring system
is illustrated by the example of the smelting section of
one of the non-ferrous metallurgy enterprises listed below.

For the specified site, using various methods, several
options are chosen for selecting objects for building the
energy monitoring system. In view of the limited volume of
the publication, let’s consider only the use of ABC analysis
for solving the problem [18]. This analysis is based on the
grouping of objects depending on the significance and the
specific characteristics. First it is necessary to select the
objects that would be combined with a common feature.
For example, this can be the amount of energy consump-
tion of each type of equipment in a separate production
unit. In the future, the total value of energy consumption
for the production unit as a whole is calculated:

Wazzm+%+~--+wnv (1)
where W;,W,,..., W, — annual power consumption of a sepa-
rate n-th sample object; n — the corresponding number of
the sample object.

Substituting the corresponding values in the formula (1),
let’s obtain:

W, =1166760+ 207424 +...+1248 =1978922.93 kWh.

Then, for each sample object, its share of energy con-
sumption in the total energy consumption of the produc-
tion unit is determined, as well as the increasing share
for each object, respectively, according to the formulas:

w,
—-100;

tot

K:

P

2)

Ki = Kn + Kn+1- (3)
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Let’s substitute the values in formulas (2) and (3)
and, accordingly, we obtain:

1166760

» :mlooz 5896,

K;=58.96+10.48 =69.44.

Having determined for each object of the production
unit the value of its share by the growing total, the values
of the calculated K; are analyzed and the grouping of
these objects is performed as follows:

— sampling objects for which the total share approaches

80 %, this is the lower limit of group A. The upper

boundary of group A is the first position in the list

of sample objects of the corresponding subdivision;

— the sample object for which the total share approaches

95 %, this is the lower bound of group B;

— all other sampling objects for which the total share

is more than 95 % belong to the group C.

The results of calculations with the help of ABC analy-
sis for determining the objects for building the energy
monitoring system are given in Table 1.

Table 1
Results of calculations using ABC analysis
Name of Annual Share of Increa- ABC
. power con- | energy . .
No. | energy-consuming h sing | analysis
. ¢ sumption, | consump- | o
equipmen kWh tion, % group
1 |Induction furnace, | 1ga7en0p | 5g96 | 5895 | A
crucible
Steam sterilizer
2 No. 1,2 3 4 207424.00 10.48 69.44 A
g |Lhamberdrying | ynepangs | 534 | 7478 | A
No. 1, 2
4 | Lighting: 101860.74 5.15 79.93
5 | Electric heaters 66672.00 3.37 83.30 B
g |latalytic after- 5600000 | 283 | 8613 | B
burner
7 |Pump of circulaling | 5459700 | o5y | 8g73 | B
water supply No. 1
g |Vecuum waterring| snineng | 1gg | 9042 | B
pump
9 | Prefoaming device | 25928.00 1.31 91.73 B
Exhaust ventilation
10 V20, V-21 17779.20 0.90 92.62 B
11 | Shot blasting 1747200 | 088 | 9351 | B
machine
12 |Cooler 16704.00 0.84 94.35 B
Exhaust ventilation
13 | of the vibrating 16704.00 0.84 95.20 [H
screen
Supply ventilation
14 PU-1 16668.00 0.84 96.04 [H
Workbench for
15 | collecting model 15001.20 0.76 96.80 C
blocks
16 | Roller table 14699.52 0.74 97.54
17 |Fan 11136.00 0.56 98.10 [
19 [ouPply ventlaton | qooppgo | 051 | e8E1 | €

As can be seen from Table 1, according to the calcula-
tion results, Group A includes four objects that have the
largest share in the total power consumption of the entire
site, therefore, it is for these objects, first of all, that it
is necessary to build systems for operational control of
energy consumption.

For example, in the subsequent calculations, let’s con-
sider only the crucible furnace, located at the first posi-
tion in group A.

The next step is determination of the composition of
the factors that influence the change in the energy con-
sumption of the crucible furnace. For this purpose, expert
assessment methods are used, which are described in detail
in [19]. The group is formed from the service and pro-
duction personnel of the enterprise. To determine which
factors most influence the change in the energy consump-
tion of the crucible furnace, experts are asked to assess
the influence of the corresponding factor on the linguistic
scale.

After processing the results of a survey of experts us-
ing a fuzzy logic apparatus [19] it is found that the most
significant factors that affect the change in the volumes of
electric consumption of the crucible furnace are:

— amount of melted metal, tonnes;

— melting temperature of metal, °C.

In the future, to build an energy monitoring system for
each of the groups of equipment, it is necessary to determine
additional meters for energy consumption, production, as
well as parameters characterizing the operating conditions,
and to estimate the monetary costs for the construction
and operation of such an energy monitoring system.

The cost of building an energy monitoring system in-
cludes the costs of acquiring and installing meters for the
consumption of electrical energy, as well as the necessary
additional measuring devices of the relevant process parame-
ters. The cost of devices for measurement is Cg,=7500 c.u.
Moreover, the cost of training of personnel is C,,=2000 c.u.
The total cost of building such system is 9500 c.u.

The costs of the energy monitoring system include
the costs of data collection and processing, measurement
and annuity costs.

The cost of measuring data is determined by the formula:

Cp=T, ny-S-hy, (4)
where T, — the time required for one measurement, hour.
S — average salary of the employee, c. u./hour; n, — num-
ber of workers performing measurements; &, — number of
measurements per month. _

Let’s assume that T,, =0.5 hour, n, =1, §=25 c.u./hour,
k, =22 (one measurement of each working day). Let’s sub-
stitute the corresponding values in the formula (4) and
calculate the costs for measuring the indicators necessary
for the functioning of the energy monitoring system:

C,=05-1.25-22=275 c. u.

The costs of data collection can be calculated by the
formula:

C(ZT('T’ZM'E'km, (5)

where T, — the time required to collect information for the
relevant period.
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Let’s assume that the T, =1 hour, n,, =1, S§=25 c.u./hour,
k, =22. Let’s substitute the corresponding values in the
formula (5) and determine the costs of data collection:

C,=11-25-22=550 c. u.

The costs of data processing are determined by the
formula:

Cd.pzT;].p'na"S'kd.pv (6)
where 7;, - the time required to data processing for the
relevant period. _

Let’s assume that 7;,,=1 hour, n, =1, §=25 c.u./hour,
k, =22 (periodicity of data processing per month). Let’s
substitute the corresponding values in the formula (6)
and calculate the costs of processing the data necessary
for the functioning of the energy monitoring system:

B,,=11-25-22=550 c. u.

The total costs for the operation of the energy moni-
toring system are 1375 c.u.

It is also necessary to take into account depreciation
charges. To do this, it is necessary to calculate the annuity:

A:k.cdez,') (7)
where & — the annuity coefficient, which is calculated by
the formula:

i(1+iy

k:m, (8)

where i — the discount rate; n — the number of periods
during which an annuity is valid.

Let’s accept discount rates equal to 22 % and the number
of periods set to 10 years (let’s accept for the lifetime of
the measuring devices).

Let’s substitute the corresponding values in the for-
mula (8) and calculate the annuity coefficient:

_0.22/10.(1+0.22/10)10_O11
T (A+022/10)0-1 T

Thus, the annual depreciation charges is determined
by the formula (7) and is:

A=0.11-9500=1045 c. u.

In the future, it is necessary to assess the potential
for energy saving, which will take place through the crea-
tion of energy monitoring systems for the selected facility.
Electricity savings as a result of the construction of such
systems by international experience are 5-10 % of the
cost of electricity for the year [13]. For a crucible furnace,
the energy saving of electricity is 12737 c.u.

Taking into account the calculated costs for building
and functioning of energy monitoring systems, as well as
the potential for energy saving, it is necessary to analyze
financially the feasibility of creating such systems for pre-
defined equipment groups.

Decision-making on the financial feasibility of establi-
shing operational control systems for the relevant equipment

group should be based on the definition of the following
economic criteria, namely [20]:

— simple and dynamic payback period,;

— net present value;

— internal rate of return.

7. SWOT analysis of research results

Strengths. In contrast to existing approaches, energy
monitoring objects are determined not only by the level of
energy intensity, but also taking into account the techni-
cal feasibility and economic feasibility of their coverage
by the energy monitoring system.

Weaknesses. The main disadvantage of the proposed ap-
proach to the selection of energy monitoring objects is the
complexity of calculation and the need to use application
software products. And also an increase in labor costs for
the selection of monitoring objects in the construction of
an energy monitoring system.

Opportunities. Opportunities for further research are
reducing the cost of building a monitoring system and,
at the same time, increase the number of monitoring fa-
cilities, taking into account the technical feasibility and
economic feasibility of their coverage by the energy moni-
toring system.

Threats. The variability in the structure of production,
as well as the modernization of the enterprise, will re-
quire re-evaluation of the practicability of the implemented
energy monitoring system. And this, in turn, will require
additional financial costs to change the configuration of
the monitoring system.

1. It is shown that when determining the facilities for
which it is reasonable and technically possible to create
systems for operational control of energy efficiency, it is
necessary to take into account the basic requirements that
such facilities should meet. Among such requirements:
location of objects in one or adjacent production prem-
ises, a single technological process and the management
of these objects of a small number of operators.

2. The algorithm of selection of objects, which should
cover the system of energy monitoring, is proposed in
the work. First, all equipment of the enterprise should be
divided into a small number of groups on a technologi-
cal basis. Secondly, to build energy consumption balances
separately for each of the technological processes of pro-
duction of all types of enterprise products. Based on the
calculated values of energy consumption for the production
of each type of product, equipment can be distributed
into smaller groups based on two criteria. These criteria
include the location of equipment and their power sup-
ply from the same power points. The resulting equipment
groups are the previous objects, but this does not mean
that an energy monitoring system is appropriate for such
facilities.

3. To provide an opportunity to reasonably determine
the facilities that are technically possible and financially
feasible to cover the energy monitoring system, a solution
is proposed for additional tasks. Namely:

— determination of the composition of factors affecting

the energy consumption of each of the specific groups

of equipment;

;82
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— justification of the feasibility of installing additional
energy consumption meters, production and other pa-
rameters;

— estimation of monetary expenses for creation of con-
trol systems;

— estimation of energy saving potential and financial
analysis of the feasibility of creating systems.
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