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THERMAL PHYSICS
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Abstract: The approach, aimed at determination of the areas of high energy efficiency of energy supply systems (ESS) with cogen-
eration heat pump installations (CHPI) of small power and peak electric boilers (EB) in heat supply systems (HSS), on conditions of
optimal operation modes of CHPI, taking into consideration complex impact of variable operation modes, sources of drive energy for
steam compressor heat pump installations (HPI) of small power, with the account of energy losses in the process of generation, sup-

ply and conversion of electric energy, is suggested.
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Introduction. In recent years a number of investigations,
dealing with the efficiency of usage combined cogenera-
tion heat pump installations in thermal schemes of heat
and energy supply sources were carried out [1 — 12]. The
application of combined CHPI enables to reduce the con-
sumption of natural or alternative gas by 30 — 45 %, as
compared with boiler installations of the equivalent ca-
pacity [1], and obtain cheaper at cost electric energy, as
compared with the grid energy (by 30 — 40 %). Cogenera-
tion drive of HPI compressors can be provided on the
base of gas engines-generators, manufactured by Ukraini-
an enterprises.

Publications review on the subject. In research [8]
energy efficiency of ESS, based on combined CHPI and
peak sources of heat (PSH) is evaluated, efficient opera-
tion modes of these ESS with the account of complex
impact of variable operation modes, sources of drive en-
ergy for steam compressor HPI of various power levels,
with the account of energy losses in the process of genera-
tion, supply and conversion of electric energy are deter-
mined. In research [9] methodical fundamentals are de-
veloped, assessment of energy efficiency of ESS with
combined CHPI and PSH, on conditions of optimal opera-
tion modes of CHPI for heat supply systems is performed.
In accordance with [8 — 9], optimal distribution of loading
between CHPI and PSH (for instance, hot-water fuel-fired
boiler, electric boiler, solar collectors, etc.) within the
frame of ESS largely determines energy efficiency of the
above-mentioned ESS. Such distribution is characterized
by the share of CHPI loading within the frame of ESS B,
that is determined as the ratio of thermal capacity of CHPI
to thermal capacity of ESS B = QCHPI/QESS. In the pa-
per [8] it is suggested to realize comprehensive assess-
ment of ESS with CHPI and PSH energy efficiency by
complex dimensionless criterion of energy efficiency:

Kess = (1-PB) - Kpg +B-Keppy .

where Kesn _ dimensionless criterion of energy efficien-
cy of peak source of heat within ESS (hot-water fuel-fired
boiler (FB), electric boiler (EB), solar collectors, etc.),

Kenrr — dimensionless criterion of CHPI within ESS
energy efficiency from the researches [2, 7 — 8].
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In research [8] spheres of energy efficiency operation
of CHPI of various power levels, obtained on the base of
the research [7] and determined by CHPI energy efficien-
cy dimensionless criterion ¥crei | depending on real val-
ues of HPI coefficient of performance or and efficient

factor of gas-piston engine-generator (GPE) "EcPE | En-
ergy efficient operation modes of CHPI correspond to the

condition KcHPi > 1. High values of energy efficiency
dimensionless criterion for ESS with CHPI, obtained in
[8], confirm high energy efficiency of such combined
energy supply systems. In [9] it is determined that energy
efficiency of ESS with CHPI and peak electric boilers
almost two times exceeds the energy efficiency of modern
high efficient electric and fuel-fired boilers, intended for
operation in heat supply systems.

In [1-12] the authors did not determine the areas of
high energy efficiency of ESS with CHPI of small power
and peak EB in HSS, on conditions of optimal operation
modes of CHPI.

Obijective. Aim of the research is the determination of
the areas of high energy efficiency of ESS with CHPI of
small power and peak EB in HSS, on conditions of opti-
mal operation modes of CHPI; determination of high en-
ergy efficient operation modes of ESS with CHPI and
peak EB in HSS, with the account of complex impact of
variable operation modes, sources of drive energy for
steam compressor HPI of small power, with the account
of energy losses in the process of generation, supply and
conversion of electric energy.

Materials and methods. The research contains the
evaluation of high energy efficient operation modes of
ESS with CHPI of small power and peak EB in HSS. En-
ergy efficiency of ESS with steam compressor HPI of
small power (up to 1 MW) with cogeneration drive from
GPE was studied. Electric boiler houses were provided to
be used as peak sources of heat in ESS. The investigated
ESS with CHPI and EB can completely or partially pro-
vide auxiliary needs in electric energy and provide the
consumers needs in heating and hot water supply.
Schemes of the ESS with CHPI and peak EB for heat
supply systems are presented in works [1, 10]. Methodical
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fundamentals of energy efficiency evaluation of ESS with
CHPI and EB are given in research [8]. Areas of high
energy efficiency of ESS with CHPI of small power and
peak EB in HSS can be determined from the dependences,
suggested in the research [11 — 12], on conditions of

Kenpi > 1 and Kess > 1 [11]. If the above-mentioned
conditions are realized, the investigated ESS with CHPI
and EB can be recommended as high efficient energy
supply systems that can be competitive with modern high-
efficient electric and fuel-fired boilers in heat supply and
energy supply systems. In our study the areas of high en-
ergy efficiency of ESS with CHPI of small power and
peak EB for heat supply systems are defined on condi-
tions of optimal operation modes of CHPI on the base of
the research, carried out [7 — 8].

Results and discussion. Application of the suggested
approaches, aimed at determination of the areas of ESS
with small power CHPI and EB high energy efficiency for
heat supply systems will be demonstrated on the specific
examples. Figs. 1 — 2 shows the results of research, aimed
at determination of the areas of high energy efficiency of
ESS with small power CHPI and EB in HSS, for energy
efficient operation modes of CHPI, based on the results of
the studies [7 — 8]. The values of the dimensionless crite-
rion of energy efficiency of ESS with small power CHPI
and EB in HSS is studied for the cases of seasonal varia-
ble loading of CHPI within ESS for optimal values of
CHPI loading share the range of g = 0,16...0,63 [13 —
14], that corresponds to temperature modes of heat supply
system operation. As above mentioned, the areas of high
energy efficiency of ESS with CHPI and FB can be de-

termined on conditions of KcrHP1 > 1 and Kess > 1 [11].
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Fig. 1 — Area of high energy efficiency of ESS with CHPI of
small power and peak electric boiler house for heat supply, on
conditions of minimal efficiency of GPE and EB, with the con-

sumption of electric energy by electric boiler from CHPI

The research is carried out for energy efficient opera-
tion modes of CHPI with Kcrei =1,1...2,1 (on conditions
of maximum efficiency of GPE) and with
Kenpi=1,1...1,6 (on conditions of minimum efficiency
of GPE), based on the results of the studies [7 — 8]. The
above-mentioned values of CHPI Kcrri energy efficien-
cy criterion correspond to the values of real coefficient of
performance of CHPI within the limits of ¢r =3,0...5,4

78

for CHPI of small power, according to [8].

Fig. 1 shows the area of high energy efficiency of ESS
with CHPI of small power and peak electric boiler house
for heat supply, on conditions of minimal efficiency of
GPE and EB, with the consumption of electric energy by
electric boiler from CHPI.

In the given research, according to [2, 7], the following
values are taken into account: value of GPE efficiency

factor Meere = 0,31 and value of electric motor efficien-
cy with the account of energy losses in the control unit of

electric motor Meo = 0,8. Electric boiler house with Mes
= 0,9 is provided to be peak source of heat in ESS for
these conditions. The value of dimensionless criterion of
energy efficiency of electric boiler for the cases of electric

energy consumption from CHPI will be Kps+ =0,223.
As it is seen from Fig. 1, the values of complex dimen-
sionless criterion of ESS energy efficiency are

Kess =1.0...1.03 n condition of minimal efficient
value of energy efficient criterion of CHPI Kener = 1,5;

for operation modes of ESS with Kenri > 1,5 the values
of dimensionless criterion of ESS energy efficiency

change within the limits of Kess =1,06...1.09 por he
investigated operation modes of ESS for heat supply sys-
tems the values of the complex dimensionless criterion of

ESS energy efficiency are Kess =1.0...1,09 4 congi-
tion of f = 0,61...0,63 and it can reach the value of

Kess =1.6 9 11] on condition of p= 1.
As it is seen from Fig. 1, on conditions of Kerpr > 1,5

and Kess > 1 [11], dependence, shown in Fig. 1, deter-
mine area of high energy efficiency of ESS with CHPI of
small power and peak electric boiler (boiler house), on
conditions of minimal efficiency of GPE and EB, with the
consumption of electric energy by electric boiler from
CHPI. On these conditions, the above-mentioned ESS can
be recommended as high efficient systems of energy sup-
ply, as their efficiency exceeds energy efficiency of high
efficient electric and fuel-fired boilers.

Fig. 2 shows the area of high energy efficiency of ESS
with CHPI of small power and EB for heat supply, on
conditions of maximal efficiency of GPE and EB, with
the consumption of electric energy by peak electric boiler
from CHPI. In the given research, according to [2, 7], the
following values are taken into account: value of GPE

efficiency factor Mesre = 0,42 and value of electric mo-
tor efficiency with the account of energy losses in the

control unit of electric motor Mep =0,8. Electric boiler

house with Mes = 0,95 is provided to be peak source of
heat in ESS for these conditions. The value of dimension-
less criterion of electric boiler energy efficiency for the
cases of electric energy consumption from CHPI will be

EC __
Kesn = 0319 Ag it is seen from Fig. 2, the values of
complex dimensionless criterion of ESS energy efficiency
Kess =1.01...119 45 condition of minimal efficient
KCHPI =17;
for operation modes of ESS with Kener > 1,7 the values
of dimensionless criterion of ESS energy efficiency

are

value of energy efficient criterion of CHPI
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Fig. 2 — Area of high energy efficiency of ESS with CHPI of
small power and EB for heat supply, on conditions of maximal
efficiency of GPE and EB, with the consumption of electric
energy by peak electric boiler from CHPI

For the investigated operation modes of ESS with
CHPI of small power and EB for heat supply systems the
values of the complex dimensionless criterion of ESS

energy efficiency are Kess =1.01--144 41 condition of

=0,5...0,63 and it can reach the value of Kess =21 [8 -
9, 11] on condition of f = 1.

As it is seen from Fig. 2, on conditions of Kerpr > 1,7

and Kess >1 [11], dependence, shown in Fig. 2, deter-
mine area of high energy efficiency of ESS with CHPI of
small power and peak electric boiler (boiler house), on
conditions of maximal efficiency of GPE and electric
boiler (boiler house). On such conditions, the above-
mentioned ESS can be recommended as high efficient
energy supply systems, as their efficiency almost two
times exceeds energy efficiency of high efficient electric
and fuel-fired boilers. The studied ESS can be competi-
tive with modern high efficient electric and fuel-fired
boilers in heat and energy supply systems.

The area of high efficient operation of ESS with CHPI
of small power and EB, on condition of electric energy
consumption by peak electric boiler from energy system
of Ukraine, in the process of operation in heat supply sys-
tems, is determined in research [12]. In our research it is
determined that ESS with small power CHPI and peak
electric boilers will be high energy efficient, if the share
of CHPI load in ESS will be B >0,5...0,61 (depending on
the levels of energy efficiency of GPE and EB). However,
such operation modes of ESS will be provided on condi-
tion of high efficient operation of CHPI with energy effi-

ciency index of Kerei > 15...1,7 (depending on various
ESS elements energy efficiency). These conditions corre-

spond to the results of the research, shown in Figs. 1-2. At
these conditions the areas of high energy efficiency of the
above-mentioned ESS are determined. Under realization
of these conditions, modern high efficient electric and
fuel-fired boilers will be inferior by energy efficiency to
the above-mentioned ESS.

Under such conditions, the above-mentioned ESS can
be recommended as high efficient energy supply systems
for heat supply, as even in case of minimal efficiency of
GPE and electric boiler, energy efficiency of ESS exceeds
energy efficiency of high efficient electric and fuel-fired
boilers. This ESS can be competitive with modern high
efficient electric and fuel-fired boilers in the systems of
heat and energy supply.

Conclusions. Areas of high energy efficiency of ESS
with small power CHPI and EB in HSS, on conditions of
optimal operation modes of CHPI are determined; energy
efficient operation modes of ESS with CHPI and EB in
HSS, with the account of complex impact of variable op-
eration modes, sources of drive energy for steam com-
pressor HPI of small power, with the account of energy
losses in the process of generation, supply and conversion
of electric energy are determined.

The suggested approach, aimed at determination of the
areas of high energy efficiency of ESS with small power
CHPI and EB in HSS has a number of advantages:

it takes into account variable operation modes of ESS
for heat supply during the year with the change of loading
share between steam compressor CHPI and peak EB in
ESS;

it enables to determine areas and modes of high energy
efficient operation of ESS with small power CHPI and EB
for heat supply, at which energy efficiency of the studied
ESS almost two times exceeds energy efficiency of mod-
ern high energy efficient electric and fuel-fired boilers;

it allows to develop recommendations, aimed at high
energy efficient operation of ESS with small power CHPI
and EB with different scheme solutions for heat supply
systems.

Under conditions of ¥crr1 > 1,5...1,7 (depending on

various ESS elements energy efficiency) and Kess >
the areas of high energy efficiency and high energy effi-
cient operation modes of ESS with CHPI of small power
and peak electric boilers, for various ESS elements energy
efficiency are determined. It is determined that ESS with
small power CHPI and peak electric boilers for heat sup-
ply will be high energy efficient, if the share of CHPI load
in ESS will be g >0,5...0,61 (depending on the levels of
energy efficiency of GPE and EB). Under these condi-
tions the above-mentioned ESS can be recommended as
high efficient energy supply systems, as their efficiency
almost two times exceeds energy efficiency of high effi-
cient electric and fuel-fired boilers.
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O0nacTu BbICOKOH 3HeproddgeKTHBHOCTH CHCTEM YHEProcHad;keHHsl ¢ KOTeHepAllHOHHO-TENIOHACOCHBIMU YCTAHOBKAMM
MaJI0if MOIIIHOCTH U MHKOBBIMH 3JIEKTPHYECKUMHU KOTJIAMH B CHCTeMaX TelI0CHAOKeHUs
O. II. Ocranenko
AnHoTtanms: [IpenoxkeH MoaXxoa MO ONPEeTICHUI0 00JacTeil BRICOKOW HEpProd(eKTUBHOCTH CUCTEeM 3HeprocHabxenus (CD) ¢
KOT'€HEpalMOHHO-TeIUIOHACOCHBIME ycTaHoBKamu (KTHY) Maso#f MOIIHOCTH M MHKOBBIMH 3nekTpuueckiumMu komiamu (OK) B cu-
CTeMax TeIUIOCHA0XKEeHUsI, TIPH YCJIOBUSIX ONTHMAIBHBIX pexxnuMoB pabotel KTHY, ¢ ydeToM KOMIUIEKCHOTO BIMSHHS TTEPEMEHHBIX
PEXKUMOB PabOTHI, HCTOYHUKOB ITPUBOIHON SHEPTUH IS ITAPOKOMITPECCHOHHBIX TEIUIOHACOCHBIX ycTaHoBoK (THY) manoit MomiHo-
CTH, C YUETOM ITOTePh SHEPTHHU NIPU TeHEPHUPOBAHNH, CHA0KEHUH U IPE0OPa30BaHUN INEKTPUIECKON SHEPTHA.

Knioueswvie cnosa: obracme 8vicokoll snep2oIghexmusnocmu, cucmema IHepeocHadICcenus, Ko2enepayuoHHo-menioHAcoCHAs
YCMAano8Ka, NUKOBbIU dNIeKMPUYecKull Komei, cucmema meniocHab4ceHus
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