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This paper deals with the design of methodology for integrated energy assessment of the actual environmental per-
formance of energy facilities. It reveals structural problems of existed and planed heat and power plants and provides a
complex stage solution. Methodology implementation consist of nine stages which were shown on the example of water
heating boiler by means of creating automatic monitoring and control system. The latter will ensure high level of eco-
logical-energy plant efficiency through the algorithm of comparison of actual power plant parameters and passport data.
In addition monitoring system will storage information about previous plant’s operational conditions that allows one to
predict it future state on different operation mode and provide operative recommendations to personnel for safe and
reliable operation of the equipment.
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Pobota npucBsueHa po3poOIli KOMIUIEKCHOI MapaMETPUYHOI JIarHOCTHKH (haKTUYHHMX €HEPro-eKONOrTUHUX IOKa3-
HUKIB pOOOTH €HEPreTUUYHMX MPUCTPOIiB. [TokazaHO OCHOBHI CTPYKTYPHI MpoOIeMu 30ya0BaHUX €HEProo0'eKTiB, a Ta-
KOXX THX, IO 3HAXOJATHCS Ha CTaiil MPOCKTYBAaHHSA, Ta 3alPOIIOHOBAHO KOMIUIEKCHE IIOIIArOBE PIIICHHS IPOOIeMHU.
Peauizariist MeTomoIOTI1 CKIaIA€ThCS 3 CB'SITH €TalliB, sIKi OYJIM MMOKa3aHi Ha MPHUKJIAJ CTBOPECHHSI aBTOMATHYHOI CHC-
TEMHU KOHTPOJIIO i YIIpaBIiHHS BOIOTPIHHOr0 KOTIA. 332 JOIIOMOI'OI0 BUKOPUCTAHHS ITi€] CHCTEMHU MOXKITUBE TOCSATHEHHS
BHCOKHX €HEPro-eKOJIOTIYHMX MOKAa3HHUKIB eKCILTyaTallii eHeproodiaaHanas. KpiM Toro, cucreMa MOHITOPHHTY Oyne
CTBOpIOBATH 0a3y JaHUX, IO BKIOYATHME B cebe iH(pOopMalliio Mpo MomepeaHi CTaHu eHeprood'ekra. Lle mo3BonuTh
MIPOTHO3YBATH HOr'0 XapaKTEPUCTUKH ITPHU pOOOTI Ha 1HINMX PEKUMaxX Ta JaBaTH ONCPATUBHI PEKOMEHJIAINT ITEpCOHATY
JUTsE 3a0€3IeUeHHS 3pYIHOCTI W HaIIHHOCTI pOOOTH 00JIaTHAHHS.

Karwu4osi cioBa: exonoriuna Oesreka, eHeproo0'eKT, peajbHI XapaKTEePHCTUKU, KOe(illieHT eHepro-eKoJIoriqHol
e(eKTUBHOCTI, CTaH €Heproo0'eKTiB, eKCILTyaTalliiiHa HaJiiHICTh, IIepea0adeHHs CTaHy.

PROBLEM STATEMENT. On the one hand, con- system for people is heating system. The latter delivers
stant increase in the consumption and cost of energy heating and hot water to end-user. Two main types of
resources for energy production forces power producers heating systems are used for heating industrial, civil and
to expand and deepen the analysis of operating system residential buildings. They are centralized and decen-
parameters and operating characteristics of gas-pumping tralized heating systems [1].
installations (GPI) and boilers equipment, which are a The main sources of centralized heating are heat
part of energy facilities. power plants (HPP), industrial and utility boilers. Boil-

On the other hand, rapid development of modern ers and ancillary devices are main elements providing
computer and microprocessor technologies allows one conversion of chemical energy of fuels into the thermal
to design and implement complex computer algorithms energy. Indicators of energy and environmental condi-
and systems for monitoring, analysis and research of tions of their operation are low. Therefore these objects
complex energy processes that affects efficiency of the require new approaches for improving above mentioned
equipment and operational safety for the forecast period. indicators. The level of equipment automation in the

Systematic analysis of existing methods and positive operation of these facilities does not meet modern re-
experience of their application should be the back- quirements and applicable standards. Two ways for
ground for development, improvement, modernization solving this problem can be suggested.
and implementation of new methods, technologies and The first one consists in carrying out a complete re-
devices to ensure efficient use of energy resources and construction of energy facility by means of replacement
energy conversion processes. boilers with new environmental energy-efficient instal-

At the same time, it becomes a high-priority task for lations. But this way requires huge investments.
the systems of energy production that requires ensuring The second one connected to carrying out technical
reliable technological conditions and optimum loading re-equipment and modernization of the existing heat-
of equipment that thermal power complexes include. generating boilers by means of the latest technologies

Analysis of existing research in this area and is cost-effective. It is based on gradual replacement

Nowadays one of the most important life-support of the equipment and allows one to improve energy ef-
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ficiency and environmental safety of boilers operation
due to fast payback projects and technologies. The latter
do not require substantial initial costs.

In this work it was developed and suggested a new
methodology for the implementation of the second way
for integrated assessment of actual energy and environ-
mental performance of energy facility and parametric
identification of the actual characteristics of the opera-
tion of energy facilities.

Analysis of existing research in this area

There are numerous of scientific works [2—5] related
to the need of increasing environmental safety level and
energy efficiency of energy facility in the world as well
as in Ukraine.

In particular, there are well-known fundamental re-
searches [4-5] related to the analysis of energy saving
technologies in thermal energy production and distribu-
tion solving problems of energy efficiency and envi-
ronmental safety in the fuel and energy complex (FEC).

However, it should be noted that thermal engineer-
ing requires solving the problems causing of low energy
and environmental efficiency of energy conversion.
These are listed below:

— the use of out-of-date technologies of energy con-
version;

— the lack of an unique methodology for assessing
real quality efficiency level of environmental safety and
power equipment reliability;

— lack of permanent monitoring of the main parame-
ters and characteristics in real time, which describes the
operational efficiencies and allows one to prevent acci-
dents and predict future work with the possibility of
extending the service life;

— lack of objective effective mechanism of govern-
mental control for enterprises emissions and the envi-
ronment in densely populated areas.

The developed methodology of complex parametric
identification of the actual parameters and the environ-
mental and power performance of power facility opera-
tion enables solving some of the abovementioned prob-
lems and improve the qualitative indicators of the
equipment and the object itself.

Methodology use

Today it is crucial to improve quality and reliability
of energy to ensure high levels of environmental and
technological safety. At the same time high level of
energy efficiency should be provided. Our methodology
suggests ways for solving the abovementioned problem.

The relevance and role of our scientific work related
to limitations of the existing theoretical and experi-
mental researches on the introduction of new techniques
and methodologies. The latter consider quality changes
in the technical condition of the technological equip-
ment of thermal power facilities such as heat energy
station (HES), heat cogeneration station (HTC), regional
boiler station (RBS).

The methodology is aiming at hypothesis confirma-
tion about low-quality assessment of the real state of the
complex power equipment by existing systems for mon-
itoring process parameters in the energy equipment.

This methodology is based on the implementation of
new approaches to the assessment and verification of
the quality of sensors and devices; they show the im-
portance of determining technological parameters and
values of different processes. The latter occur in plants
of energy transfer and transformation.

Accuracy and objectivity of parameters in certain
processes define control solutions in a single element or
unit as well as the whole thermal power plant or system.

This scientific work is aiming at developing the
methodology of an accurate determination of quantities
and characteristics of the actual state of thermal power
facility for making objective decisions for ensuring sta-
bility of steady energy production with controlled op-
eration mode and high environmental performance and
energy use.

Research object: performance parameters, the size
and characteristics of ecological purity, energy efficien-
cy, safety and security, equipment, facilities and sys-
tems for heat and electricity production.

Research subject: units, installations, objects, sys-
tems and processes of energy production at HES, HTC
and RBS.

Research methods: system-oriented scientifically
grounded analysis, theoretical and experimental studies,
mathematical and statistical modelling, universal and
modular programming, scientific research in the soft-
ware environments.

The idea of the work lies in the implementation of
integrated solutions. They will enable elimination or
consideration of system random and systematic error in
the determination of the real condition of the equipment
in the process of operation and in the forecast analysis
and planning.

Practical implementation of the methodology en-
sures reliable operation of power facility and can be
implemented both in individual boiler units and in com-
plete thermal power facility.

Methodology purpose

The methodology is developed for solving the prob-
lem of raising environmental cleanliness level and ener-
gy efficiency for supplying energy consumers with heat
and electricity.

The hypothesis suggested for solving the problem of
determining actual performance characteristics of
equipment condition and complex thermal power plants
lies in the implementation of multi-level quality checks.
They determine parameters and variables for providing
the feedback. Modern computer technologies enable
implementation of the most complex analytical algo-
rithms as well as creation software and computing sys-
tems.

Various monitoring parameters of the heat and pow-
er facilities represent an important feature of this solu-
tion. These systems are used in the methodology as in-
formation source for determining actual values of the
parameters, values and characteristics of the plant op-
eration. Herewith computing systems created on the
basis of the methodology don’t affect the primary per-
formance measurement of sensors and devices. It is due
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to their connection in parallel to the existing monitoring
systems and use information about the measured param-
eters and values that already exists in the database.
Software and computing systems can’t change values of
initial measurement, because they are already collected
by monitoring system, processed and recorded to data
base. They can be extracted from the latter for purposes
of analysis in the mentioned complexes.

The powerful mathematical tool with complex algo-
rithm of checks and feedbacks is used in the methodol-
ogy for determining actual values of the quantities and
characteristics of the operation of the facility.

The methodology allows one to create a system of
comprehensive assessment of the actual state of power
facility and can be applied to existing facilities with
standard equipment, sensors and instrumentation. It can
be applied for modernization of separated units, assem-
blies, equipment, and entire facility as a whole by
means of low-cost and cost-effective technologies, cre-
ating automatic systems of on-line monitoring and con-
trol (AMC) for the entire unit with prediction of its fu-
ture state.

EXPERIMENTAL PART AND RESULTS OB-
TAINED. The methodology is implemented based on
the examples of complex parametric identification of
the actual characteristics of the operating gas pipeline
pumping unit and water heating boiler. The implementa-
tion is based on developing a universal method for par-
ametric identification of the actual characteristics of the
units that make up the energy facility.

Methodology implementation on the example of wa-
ter heating boiler is carried out according to the follow-
ing algorithm (Fig. 1).

The first stage: to determine the basic quantities that
characterizes boiler’s technical condition and efficiency.

The second stage: to define the list of parameters
fixed by standard devices and sensors and associated
with basic values. They are:

—  heating water consumption;

—  heating water temperature and pressure inlet
the boiler;

—  heating water temperature and pressure outlet
the boiler;

—  air temperature;

—  flue gases temperature;

—  air pressure before burners;

—  negative pressure in the combustion chamber;

—  excess air coefficient;

—  gas flow rate;

—  gas pressure after control valve;

—  gas pressure at each operating burner.

The third stage: definition of operating and envi-
ronmental parameters. These are:

—  concentration of dihydric and polyhydric com-
ponents in the flue gases O,, NOy, CO;

—  the temperature of the flame, the flame length,
etc.

The fourth stage: the development of mathematical
base parameter identification with the definition of

mathematical relationships between quantities that
characterize technical conditions and energy and envi-
ronmental efficiency of water heating boiler combining
the main and additional parameters, values and charac-
teristics.

The following basic quantities characterizing the
technical condition and the effectiveness of boiler’s
operation are defined for a particular type of boiler:

1) heating power (Gcal / h);

2) coefficient of performance (COP);

3) heat loss from the flue gases (%);

4) heat loss from the chemical underburning (%);

5) heat loss from the cooling external surfaces (%);

6) instant (hour) fuel flow (m®/h, m*/ min, m* / s);

7) specific consumption of equivalent fuel for gener-
ation of 1 Gceal of heat (kg eqv. fuel / Geal);

8) mass concentration of oxides
(mg / m’);

9) mass concentration of carbon oxides (mg / m?);

10) specific environmental performance of operation
mode (power emissions, emissions per unit of heat, in-
dex of emissions harmfulness);

11) total emissions of danger;

12) coefficient of energy and environmental effi-
ciency (CEEE) of operation mode.

Determination of the above mentioned quantities
and characteristics is carried out on the existing regula-
tory procedures [6—13] with the addition of certain
mathematical relationships, which reveal specific ener-
gy-environmental indicators and ratios, which are uni-
versal for boilers and GPI.

1) Boiler heating power:

of nitrogen

D (" T kcal
QB_ HW( mr HW)’ I s

(1)

where D, is heating water consumption, ton/h;

T! is heating water temperature outlet the boiler, °C;

T is heating water temperature inlet the boiler, °C.

2) Boilers COP, determined by indirect heat bal-
ance:

n =100-2q, %, (2)
where Zq is the sum of heat losses, which calculated

by formulas of paragraph 3-5.
3) Heat loss from the flue gases in case of natural
gas combustion can be determined as follow:

o
—tU
a+0,18
x(0,9805 +0,00013t, )10” , %,

q, = (3,530+0,6)(t,. -

out

) x
3)

where ¢, is air temperature, °C; ¢, is flue gases tem-

t
perature, after the last heating boiler surface, °C;
o is excess air coefficient in the flue gases after the last
heating boiler surface measured by flue-gas analysing
apparatus.
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Methodology of actual performance of water heating boiler
comprehensive assessment

\

—— ——
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Determination of the Definition of Definition of the list Determining the basic
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~
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Definition of accuracy identification of the actual
parameters, values and characteristics and their
comparison with the permissible

! v

Real characteristics and data bank
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-

\.

Development of conclusions based on identification of parameters of
~ the operation and providing recommendations for further effective and

Stage 9

safe operation of the equipment

J/

Creating graphs in real time. Providing recommendations to personnel for effective and safe exploitation.

Figure 1 — Algorithm for the comprehensive assessment of the actual characteristics of water heating boiler

4) Heat loss from the chemical underburning in case
of methane absence in combustion products can be de-
termined as follow:

35C0
co+co,’

(4)

where CO is carbon monoxide concentration in flue
gases, after the last heating boiler surface, %. Measured
by flue-gas analysing apparatus; CO, is carbon dioxide
concentration in flue gases, after the last heating boiler
surface, %, measured by flue-gas analysing apparatus.
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5) Heat loss from cooling of the boiler’s external
surface ¢, is equal to 0.05 % throughout the load range.

6) Instant (hour) fuel flow, determined by indirect
heat balance:

ms
s 5
p )

keal
where E is low heat value (LHV), c—z

m
7) Specific consumption of equivalent fuel for gen-
eration of 1 Gceal of heat:
10°

_ kg eqv. fuel
7000m ’

kcal

(6)

keal
where 7000 is equivalent fuel LHV, i.

kg
8) Mass concentration of nitrogen oxides (carbon
monoxide) in flue gases in case of excess air coefficient
equal unity can be determined as follow:

c,, =ch Z&, (7)

m
where C is measured mass concentration of nitrogen
oxides NOy (carbon monoxide CO), mg/m’;

h is dilution coefficient of combustion products, %;
— specific emissions of nitrogen oxides (carbon
monoxide) can be determined as follow:

3.6C (100-¢q,) mg
b= —, ®)

In kWh
where i are nitrogen oxides (NO,, or carbon monoxides
(CO), %; q, are carbon losses; L is LHV on dry fuel

basis, MJ / m’.

9) Coefficient of energy and environmental efficien-
cy (CEEE) of operation mode.

Power plants (energy facility) CEEE reflect unit's
efficiency and environmental safety level. This coeffi-
cient was suggested by authors.

_n
S_Aa (9)

where A are general flue gases aggressiveness.

The fifth stage: accounting and analysis of parame-
ters and values measured by the instrument.

The sixth stage: according to the above listed math-
ematical expressions which constitute the mathematical
basis of identification basic quantities calculations char-
acterizing technical conditions and efficiency of the unit
are carried out.

The seventh step: performing comprehensive para-
metric analysis and comparison of the real condition of
the equipment's and its passport identification data and
actual database operation of the unit. To do this, each
basic parameter is compared with passport and actual
values from the database.

In case of rejection in quantities that characterize
operating mode of the unit, from the passport data or
from database values of previous similar operation
mode to the amount of allowable values, the system
carries out automatically comprehensive analysis and

>

verification of the relevant parameters measured with
sensors and measuring instruments.

The eighth step: the definition of the accuracy of ac-
tual parameters, values and characteristics identification
and compare it with the permissible. All values and data
by means of mathematical calculations on the developed
algorithms are analyzed for the magnitude and causes of
deviations. All calculated values and disclosures are
explained to personnel.

The ninth stage: the conclusions about the real con-
dition of the boiler based on our identification of pa-
rameters of operation and providing recommendations
to personnel for future safe and reliable operation of the
equipment.

Based on the developed methodology the identifica-
tion of the actual characteristics of the boiler as well as
the possibility of planning further effective and reliable
operation of the equipment is implemented. The timing
of scheduled and unscheduled repairs, modernization of
equipment also was implemented. All of these measures
will be used to reduce the costs of maintaining the
equipment in working condition, optimize the formation
of scheduled and unscheduled repairs, the implementa-
tion of the renovation and modernization of the equip-
ment.

Advantages of the methodology were demonstrated
in the results of comprehensive researches and tests
when methodology is regarded as a component of soft-
ware and computer complexes (SCC) that are connected
to the monitoring system for operating parameters of
gas pumping unit on the pipe [20] as well as a part of a
power boiler.

Therefore, we consider the introduction of SCC in
thermal units (steam and hot water boilers, heat genera-
tors, combustion gas turbines) will be efficient and prof-
itable.

The methodology is developed for integrated envi-
ronmental and energy assessment of the actual condi-
tions of the existing and new SCC of energy objects that
are designed and are ready to be used after construction.

Besides, the methodology enables creation and im-
plementation of the new algorithms of comprehensive
analysis and evaluations of the quality of implementa-
tion and use of the latest technologies, methods, tech-
niques, cycles and systems for improving technical and
economic indicators of environmental and energy facili-
ties. The above listed reflects mobility and efficiency of
the methodology in the implementation.

The implementation of such SCC in real power fa-
cilities enables:

— developing innovation approaches for raising eco-
logical and energy efficiency and reliability of power
supply for the consumers;

— creating effective systems for control and monitor-
ing and alerting operational staff about the beginning or
undesirable trends and changes in the equipment and
operation modes of the equipment and installations;

—receiving and accumulating information data about
complex parameters for recording and analyzing tech-
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nical, economic and environmental energetic perfor-
mance based on them;

— receiving new generalizing dependences and crite-
ria for assessment of the actual level of ecological and
energy efficiency of energy transformations on power
facilities;

— developing new approaches to the implementation
of ecological and energy management of power facili-
ties using advanced innovation energy technologies;

— defining acceptable limits, scientifically proven
criteria for complete optimization of the equipment and
energy facility operation modes as a whole.

New approaches developed by means of the meth-
odology are also vital for companies working in other
sectors of the economy. They can be implemented in the
specific facilities and power supply systems in agricul-
ture, livestock, tourism, and other facilities for increas-
ing environmental cleanliness, comfort, reliability and
security of energy production, profitability of medium
and small enterprises.

The possibility of predicting energy conditions of
power and environmental background for the future,
reducing the unit cost of energy in systems of energy
production with the implementation of new approaches
and technologies is an important feature of the imple-
mentation of the SCC at power facilities.

SCC implementation on the existing power facilities
is based on the methodology of integrated identification
of the actual characteristics of equipment operation.
They enable estimation of the value and minimization of
harmful effects on the health of today’s and future gen-
erations of harmful by-products of energy production
for ensuring leveling effects of cumulative concentra-
tions of toxic substances in the atmosphere, soil and
water pools. They eliminate the risk of unpredictable
occurrence of critical situations affecting the environ-
ment.

Methodology application allows making qualitative
evaluation of energy production systems, assessing ade-
quately safety, environmental and economic feasibility
of using existing schemes, systems, and technologies of
energy and introduction of new ones.

CONCLUSIONS. 1. The foundation for improving
system quality and reliability is laid by the methodology
of complex parametric identification of equipment actu-
al performance during its implementation at a power
plant. It is set basing on the comprehensive analysis of
the main technological parameters and technical and
economic characteristics.

2. On the basis of analytical studies and mathemati-
cal apparatus parameters identification PC software can
be created. The latter will be connected to existing boil-
er monitoring system. Such computing systems imple-
mented on the basis of the methodology will provide
operational analysis of the real conditions of the equip-
ment, energy efficiency level and cost effectiveness
enabling costs minimization of the fuel and energy re-
sources.

3. The universal approach for solving all types of
above mentioned problems in the heat energy station

and units of various types is highlighted as an important
feature of the methodology. For example, the methodol-
ogy implemented according to the same algorithm is
suitable for heat boilers and gas compressor units for
gas transportation system.

4. Software and computing systems created on the
basis of the methodology are mobile; a slight composi-
tion change of energy equipment or modernization of
the program of computing units and checks on the
measurement adequacy is easily changed due to the
introducing of additional mathematical relationships in
the software system.

5. In the economic terms, the methodology imple-
mentation on the energy facility allows monitoring the
actual condition of processes and plants, as well as alert-
ing operational staff about emerging uncontrolled
changes in control system over complex and multivaria-
ble processes that can prevent accidents.

In addition, the timeliness of repairs and renovations
based on the actual values of the units and installations
characteristics allows making realistic graph for their
implementation, saving funds on operations and re-
placement of some parts of units meeting the necessary
requirements. All of the mentioned leads to increasing
the profitability of energy production.
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OCOBEHHOCTH KOMILJIEKCHOM OIIEHKH ®AKTUYECKHUX SHEPI'O-3KOJIOT' MUECKHX
MOKA3ATEJIEN PABOTHI SHEPTETUYECKHUX YCTAHOBOK
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HanmonanbpHbli TEXHUYECKUN YHUBEPCUTET Y KpauHbl « KHEBCKHUI MOMUTEXHUUECKUNA HHCTUTYT

mpocit. ITo6ensr, 37, r. Kues, 03056, Ykpauna. E-mail: varlamovgb@gmail.com, pryimak k@ukr.net

Pabotra mocBseHa pa3paboTke KOMIUIEKCHOM MapaMeTPHUYecKOd AHArHOCTHKH  (DaKTHYECKUX DHEPro-
9KOJIOTHYECKUX ITOKa3aTeseH paboThl DHEPreTHUECKHUX YCTPOHCTB. IToka3aHbl OCHOBHBIE CTPYKTYPHBIE IPOOIEMBI TTOC-
TPOEHHBIX, a TAK)KE SHEProOObEKTOB, HAXOMAIIUXCS HA CTaJUU MPOESKTHUPOBAHUS, U MPEITOKEHO KOMILIEKCHOE ITOIIa-
roBOE pelieHre mpodaeMbl. Peaau3aiius METOLOIOTHH COCTOUT U3 JAEBITH ATAIlOB, KOTOPhIE ObLIN MTOKa3aHbI Ha MpUMe-
pe co3MaHMs aBTOMATHYECKOH CHCTEMbI KOHTPOJISA U YIpaBIIEHUS BOAOrpeiHoro xoria. C MOMOIIBI0 MCIIOIh30BaHHUSI
JIAHHOW CHCTEMBI BO3MOYKHO JOCTHKEHHE BBICOKHMX YHEPro-3KOJOTHUECKHMX TOKa3aTeNleil SKCIUTyaTallid YHEProo0opy-
nmoBanus. Kpome Toro, cructeMa MOHMTOpUHTA OymeT co3AaBaTh 0a3bl JAHHBIX, COAECPKAIIMX HH(POPMAIHIO O MPEIbl-
IYIIUX COCTOSHMSX DHEProo0bekTa. DTO MO3BOJIUT IMPOrHO3MPOBATh €r0 XapaKTEPUCTUKU IpH paboTe Ha APYrux pe-
JKUMaxX M JaBaTh OINEPAaTUBHBIC PEKOMEHIANNHU IIEPCOHATY I 0OecIeueHHs yI00CTBa U HASKHOCTH PabOThl 000py-
JIOBaHMS.

KiroueBble ci1oBa: 2KojI0rudeckas 0e30MacHOCTh, SHEPTOOOBEKT, PeabHbIC XapaKTEPUCTUKH, KOI(DGHUITUCHT SHEP-
r0-3KOJIOTHYECKON 3P (PEKTUBHOCTH, COCTOSHUE IHEProOOBEKTa, IKCIUTyaTallMOHHAS HalIeKHOCTh, MPOTHO3HPOBAHUE
COCTOSIHUS.
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