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Abstract. The application of the method of complex assessment of energy-ecological-economic efficiency of energy supply systems
(ESS) with cogeneration heat pump installations (CHPI) and peak sources of heat (PSH) has been performed, this method has in-
depth approach to the assessment of energy transformations in ESS elements and enables to provide the substantiated determination
of high energy efficient, ecologically safe and economically substantiated operation modes of ESS with CHPI and PSH.
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Introduction. In recent years a number of papers were Publications review on the subject. In our research
devoted to the problems, studying energy, economic and  [9] methodical fundamentals of complex assessment of
ecological efficiency of ESS with CHPI [1 — 13]. In [2 —  energy-ecological-economic efficiency of ESS with CHPI
7] the number of investigation of assessment of energy  of various power levels and peak sources of heat with the
and economic efficiency of energy supply systems on the  account of complex impact of variable operation modes of
base of steam compressor heat pump installations (HP1)  ESS, peak sources of heat in ESS, sources of CHPI drive
and cogeneration heat pump installations were carried out.  energy and with the account of energy losses in the pro-
In research [4, 8] methodical fundamentals of energy- cess of generation, supply and conversion of electric en-
economic efficiency assessment of ESS with CHPI of ergy are suggested. In our study [9] it is suggested to per-
different power levels and peak sources of heat, with the  form the comprehensive assessment of energy-ecological-
account of complex impact of variable operation modes of  economic efficiency of ESS on the base of CHPI and PSH
ESS, peak sources of heat in ESS, sources of CHPI drive  according to complex generalized dimensionless criterion
energy and with the account of energy losses in the pro-  of energy-ecological-economic efficiency of ESS with
cess of generation, supply and conversion of electric en-  CHPI and PSH:

ergy, are suggested.

KOEOsrgpl' = Kess +AEiESS + AECiESS =(1-P) - Kpgy +B- Koy + AEiESS + AECiESS 1)

where K., — complex dimensionless criterion of en- s used for the determination of highly efficient operation
ergy efficiency of ESS with CHPI and PSH from the re-  Modes of the ESS on condition that Ky > 1; index of
searches [2 — 11], that used for the determination of high-  relative economic efficiency of ESS AEF* enables to

ly efficient operation modes of the ESS on condition that  getermine economically valid operation modes of the ESS
Kess > 15 on condition that AE™® > 0; index of relative ecologic

AEF®® — is relative economic efficiency for ESS with  efficiency of ESS AEC®® enables to determine ecologi-
CHPI and PSH for i-th operation mode of ESS from the  cally safe operation modes of the ESS with CHPI and

researches [4, 8 — 11]; PSH on condition that AEC{®® >0, as it is noted in the
AECF® — is relative ecologic efficiency for ESS with study [11]

CHPI and PSH for i-th operation mode of ESS from the In the study [9] it is determined that ecologically safe,

researches [8 — 11]; energy efficient and economically valid operation modes

p — share of CHPI loading within the frame of ESS  of ESS with CHPI and PSH are provided on the condition
from the researches [2 — 11]; that K" > 1. Energy efficiency, ecological safety and

K., — dimensionless criterion of energy efficiency of NP ) _
L . . . economic efficiency of the ESS with CHPI and PSH in-
PSH within ESS (hot-water fuel-fired boiler (FB), electric . ooca with the increase of this index.

boiler (EB), solar collectors, etc.) from the researches [2 — Objective. Aim of the research is the application of

11]; the method of complex assessment of energy-ecological-
Kypr — dimensionless criterion of CHPI within ESS  economic efficiency of energy supply systems with co-
energy efficiency from the researches [2 — 13]. generation heat pump installations and peak sources of
As it is noted in the study [2], energy efficient opera-  heat, that has in-depth approach to the assessment of en-
tion modes of ESS with CHPI and PSH will be provided  €rgy transformations in ESS elements, enabling to provide
if the indexes of energy efficiency of CHPI and ESS will the substantiated determination of hlgh energy EfﬁCient,

be Keypy > 1 and Keg > 1. In formula (1) complex di- ecologically safe and economically substantiated opera-
tion modes of ESS with CHPI and PSH.

mensionless criterion of energy efficiency of ESS K Materials and methods. The research contains the ex-
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amples of application of the method of complex assess-
ment of energy-ecological-economic efficiency of ESS
with PSH and small power CHPI, using the heat of sew-
age. Efficiency of ESS with steam compressor HPI of
small power with cogeneration drive from gas-piston en-
gine-generator (GPE) was studied. Electric or fuel-fired
boiler houses were provided to be used as peak sources of
heat in ESS. The investigated ESS can completely or par-
tially provide auxiliary needs in electric energy and pro-
vide the consumers needs in heating and hot water supply.
Schemes of the ESS with CHPI and PSH are presented in
works [1, 14].

Methodical fundamentals for energy, ecological and
economic efficiency assessment of ESS with CHPI and
PSH are presented in the studies [4 — 10]. Methodical
fundamentals for assessment of energy, ecological and
economic aspects of ESS efficiency with CHPI on natural
and industrial sources of heat are suggested in the re-
search [15 — 17].

Substantiation of the method of complex assessment of
energy-ecological-economic efficiency of ESS with CHPI
and PSH is presented in [11]. Principles for selection of
the areas of energy-ecological-economic efficiency of
ESS with CHPI and PSH are presented in the study [10].

Results and discussion. Application of the suggested
in [9] methodical fundamentals for comprehensive as-
sessment of energy-ecological-economic efficiency of
ESS with CHPI and PSH will be demonstrated on the
specific examples.

Figs. 1 and 2 show the results of complex assessment
of energy-ecological-economic efficiency of ESS with
CHPI and PSH. In our research the values of the dimen-
sionless criterion of energy-ecological-economic efficien-
cy of ESS with of CHPI and PSH are determined on con-
ditions of CHPI loading share change in the range of
B=0,1...1,0. The study was carried out for energy effi-
cient operation modes of CHPI with Kcpp,=1,1...2,1 (on
conditions of maximum efficiency of GPE) and with
Kecppi=1,1...1,6 (on conditions of minimum efficiency

of GPE), on the base of the research results [2, 3].

Fig. 1 shows the area of energy-economical efficient
and ecologically safe ESS operation, using the heat of
sewage, with CHPI of small power and peak electric boil-
er with the consumption of electric energy from CHPI.
This area is determined by the index of energy-ecological-
economic efficiency of ESS with CHPI and PSH from the
formula (1) on conditions of minimal efficiency of GPE
and peak electric boiler. In our research, according to [2,
3], the following values are taken into account: value of

GPE efficiency factor mg,, = 0,31, value of electric mo-
tor efficiency with the account of energy losses in the
control unit of the motor My = 0,8. Electric boiler house

with Mg, = 0,9 is provided to be peak source of heat in
ESS. The value of dimensionless criterion of electric boil-
er energy efficiency in case of electric energy consump-
tion from CHPI, according to [2], is KPSH =0,223. In
order to assess the relative ecological efficiency of ESS
with CHPI and PSH as the alternative source of heat the

electric boiler house of corresponding power was provid-
ed.
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Fig. 2 shows the area of energy-economical efficient
and ecologically safe operation of ESS, using the heat of
sewage water, with CHPI of small power and peak gas-
fired boiler. This area is defined by the index of energy-
ecological-economic efficiency of ESS with CHPI and
PSH from the formula (1) on conditions of maximum
efficiency of GPE and peak fuel-fired boiler. In our re-
search, according to [2, 3], the following values are taken

into account: value of GPE efficiency factor ng,, = 0,42
and value of electric motor efficiency with the account of
energy losses in the control unit of the motor 1, =0,8.

Fuel-fired boiler house with mng, =0,9 is provided by
peak source of heat in ESS. The value of dimensionless
criterion of fuel-fired boiler energy efficiency, according
to [2], is KEEH = 0,9. In order to assess the relative eco-

logical efficiency of ESS with CHPI and PSH the gas-
fired boiler house of corresponding power was provided
as the alternative source of heat.
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Fig. 1 — Area of energy-economical efficient and ecologically

safe operation of ESS, using the heat of sewage, with CHPI of

small power and peak electric boiler, on conditions of minimal

efficiency of GPE and peak electric boiler and consumption of

electric energy from CHPI
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As it is seen from Fig. 1, on conditions of: K¢p, > 1,1

and AEF® >0 and AECE® >0 and KETPH

ence, shown in Fig. 1, determine the area of energy-
economical efficient and ecologically safe operation of
ESS, using the heat of sewage, with CHPI of small power
and peak electric boiler, on conditions of minimum effi-
ciency of GPE and electric boiler and consumption of
electric energy from CHPI.

As it is seen from Fig. 2, on conditions of:

Keppr 1,1 and AEF®>0 and AECS >0 and
mpl.
Kess”
area of energy-economical efficient and ecologically safe
operation of ESS, using the heat of sewage, with CHPI of
small power and peak fuel-fired boiler, on conditions of
maximum efficiency of GPE and fuel-fired boiler.

Under such conditions, the above-mentioned ESS can
be recommended as energy-economical efficient and eco-
logically safe ESS. This ESS can be competitive with
modern high efficient electric and fuel-fired boilers in the
systems of heat and energy supply.

The suggested in studies [4 — 11] methodical funda-

> 1, depend-

> 1, dependence, shown in Fig. 2, determine the
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mentals allow to determine the areas of high energy-
economic efficiency and ecologically safe operation of
ESS with CHPI and PSH and develop recommendations
of high efficient operation of ESS with CHPI and PSH.
For practical application of the suggested in studies [4 —
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11] methodical fundamentals for comprehensive assess-
ment of energy-ecological-economic efficiency of differ-
ent variants of ESS with CHPI and PSH, we propose to
use the results, obtained in the research [1 — 13, 15— 17].
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Fig. 2 — Area of energy-economical efficient and ecologically safe operation of ESS, using the heat of sewage, with CHPI of small
power and peak fuel-fired boiler, on conditions of maximum efficiency of GPE and peak fuel-fired boiler

Conclusions. In this paper the application of the meth-
od of complex assessment of energy-ecological-economic
efficiency of ESS with CHPI and PSH has been per-
formed; this method has in-depth approach to the assess-
ment of energy transformations in ESS elements and ena-
bles to provide the substantiated determination of high
energy efficient, ecologically safe and economically sub-
stantiated operation modes of ESS with CHPI and PSH.

The research contains the examples of application of
the method of complex assessment of energy-ecological-
economic efficiency of ESS with PSH and small power
CHPI, using the heat of sewage. In our research, on con-
ditions of: Ky > 1,1 and AE™* >0 and AEC® >0

and KEATPL > 1, was determined the area of energy-
economical efficient and ecologically safe operation of

ESS with CHPI of small power and peak electric boiler,
on conditions of minimum efficiency of GPE and electric
boiler and consumption of electric energy from CHPI. On
conditions of:  Kgp >11 and AE™* >0 and

AECFSS >0 and KCE%”S"P'- >1, in our research was deter-

mined the area of energy-economical efficient and eco-
logically safe operation of ESS with CHPI of small power
and peak fuel-fired boiler, on conditions of maximum
efficiency of GPE and fuel-fired boiler. Under such con-
ditions, the above-mentioned ESS can be recommended
as energy-economical efficient and ecologically safe ESS.
This ESS can be competitive with modern high efficient
electric and fuel-fired boilers in the systems of heat and

energy supply.
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[IpumeHeHne MeTOAa KOMILUIEKCHOH OLEHKH YHEPIro-3K0JI0r0-3KOHOMUYeCKOil 3P PeKTUBHOCTH CHCTEM IHEProCHAOKEeHUs ¢
KOIeHepaloHHO-TeIIOHACOCHBIMH YCTAHOBKAMH M NMUKOBBIMH HCTOYHUKAMH TEIJIOThI

O. I1. OcTranenko

Annortanus. [IpeacTaBieHo NpUMeHEHHE METOJla KOMIUIEKCHOM OLIEHKH YHEPro-3K0JI0r0-3KOHOMUYECKOH 3()(hEeKTHUBHOCTH CHCTEM
sHeprocHatxenns (CO) ¢ koreHepannoHHO-TeruIoHacocHbIMU yctaHoBkamu (KTHY) m nukoBsiMu uctounukamu Tertots! (ITAT),
3TOT METOJl UMEeT YIIIyOIEHHBIH MOAX0J K OLEHKE SHepronpeodpa3oBanuii B anemMenTax CO u no3BoisieT obecrednTs 000CHOBAH-
HOE ONpeJelIeHHe BHICOKOIHEPT03()(HEKTHBHBIX, 3KOJIOTHUECKH 0€30MacCHBIX U SKOHOMHYECKA 000CHOBAHHBIX PEKUMOB paboTsl CO

¢ KTHY u IIMT.

Knrouesvie cnosa: memoouueckue OCHO8bl, dHEepP20-3K0J1020-9KOHOMUYECKasl 34)¢€Kmu6HOCmb, cucmema 3H€p20CHa6.’)iC€HM}1, KO-
CEeHEPAYUOHHO-MENTIOHACOCHAA YCMAHOBKA, NUKOBBILL UCMOYHUK MENI0mbl.
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