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Abstract. The approach, aimed at determination of the areas of high energy efficiency of energy supply systems (ESS) with cogeneration
heat pump installations (CHPI) of large power and peak fuel-fired boilers (FB) for heat supply systems (HSS), on conditions of optimal op-
eration modes of CHPI, taking into consideration complex impact of variable operation modes, sources of drive energy for steam compressor
heat pump installations (HPI) of large power, with the account of energy losses in the process of generation, supply and conversion of elec-

tric energy, is suggested.
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Introduction. In recent years a number of investigations,
dealing with the efficiency of usage combined cogeneration
heat pump installations in thermal schemes of energy supply
sources were carried out [1 — 13]. This technology provides
the application of combined cogeneration heat pump
installations, that enables to reduce the consumption of
natural or alternative gas by 30 — 45 %, as compared with
boiler installations of the equivalent capacity [1], and obtain
cheaper at cost electric energy, as compared with the grid
energy (by 30 — 40 %). Cogeneration drive of HPI
compressors can be provided on the base of gas engines-
generators, manufactured by Ukrainian enterprises.

Publications review on the subject. In research [2 —3]
energy advantages are evaluated and efficient real operation
modes of HPI with electric and cogeneration drives are
determined, with the account of the impact of drive energy
sources of steam compressor heat pumps and energy losses
in the process of generation, supply and conversion of
electric energy to HPI. In research [4 — 5] methodical
fundamentals of comprehensive assessment of energy
efficiency of steam compressor heat pump plants (HPP) with
electric and cogeneration drives, with the account of
complex impact of HPP variable operation modes, peak
sources of heat of HPP, sources of HPP drive energy and
with the account of energy losses in the process of
generation, supply and conversion of electric energy are
suggested. In [5 — 6] scientific fundamentals are suggested
and comprehensive assessment of energy efficiency of steam
compressor HPP with cogeneration drive with the account of
complex impact of HPP variable operation modes, HPP peak
sources of heat, sources of drive energy of steam compressor
HPP of various power levels, with the account of energy
losses in the process of generation, supply and conversion of
electric energy is performed.

In research [7] the assessment of ESS energy efficiency
on the base of combined CHPI are realized, efficient
operation modes of ESS with the account of complex impact
of variable operation modes, sources of drive energy of
steam compressor HPI of various power levels, with the
account of energy losses in the processes of generation,
supply and conversion of electric energy are determined. In
research [8] energy efficiency of ESS, based on combined
CHPI and peak sources of heat (PSH) is evaluated, efficient
operation modes of these ESS with the account of complex
impact of variable operation modes, sources of drive energy
for steam compressor HPI of various power levels, with the
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account of energy losses in the process of generation, supply
and conversion of electric energy are determined. In research
[9] methodical fundamentals are developed, assessment of
energy efficiency of energy supply systems with combined
CHPI and PSH, on conditions of optimal operation modes of
CHPI for heat supply systems is performed, energy efficient
operation modes of ESS with CHPI and PSH with the
account of complex impact of variable operation modes,
sources of drive energy for steam compressor HPI of various
power levels, with the account of energy losses in the
process of generation, supply and conversion of electric
energy, 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 p, that is
determined as the ratio of thermal capacity of CHPI to
thermal capacity of ESS B = Qcrei/Qess. In the paper [8] it is
suggested to realize comprehensive assessment of ESS with
CHPI and PSH energy efficiency by complex dimensionless
criterion of energy efficiency:

Kess == ) Kpsy +B-Kchpr » 1)
where k., - dimensionless criterion of energy

efficiency of peak source of heat within ESS (hot-water fuel-
fired boiler (FB), electric boiler (EB), solar collectors, etc.)
from the researches [8 -9, 11 - 12],

Kpp; — dimensionless criterion of CHPI within ESS

energy efficiency from the researches [2, 7 — 8].

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 efficiency
dimensionless criterion K ., » depending on real values of

HPI coefficient of performance ¢r and efficient factor of gas-
piston engine-generator (GPE) r_ .- Energy efficient
operation modes of CHPI correspond to the condition
Keppr = L

Dimensionless criterion of peak source of heat energy ef-
ficiency— hot-water fuel-fired boiler —within ESS ., ,
according to [8], obtained on the base of energy balance
equation for the systems «Sources of electric energy and fuel

— fuel-fired boiler — heat consumer from ESS» with the ac-
count of the impact of the energy sources for peak fuel-fired
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boiler and with the account of energy losses in the process of
generation and supply of electric energy to the boiler (boiler
house). In this case, consumption of electric energy by peak
source of heat in ESS — fuel-fired boiler — is not directly con-
nected with the process of heat generation in the boiler and
the share of electric energy consumption for auxiliary needs
is not great, that is why, it does not greatly influence the val-
veof K,.g, index.

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 fuel-fired 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 research [11] methodical fundamentals are developed,
spheres of energy efficient operation of ESS with CHPI and
PSH, on conditions of CHPI optimal operation modes are
determined, energy efficient operation modes of ESS with
CHPI and PSH are determined, with the account of complex
impact of variable operation modes, sources of drive energy
for steam compressor HPI of different power levels, with the
account of energy losses in the process of generation, supply
and conversion of electric energy. In research [11] under
conditions of K, 5, >1and Kpgg > Mg and modes of

energy efficient operation of CHPI, areas of energy efficient
operation and energy efficient operation modes of ESS with
CHPI and peak fuel-fired boilers for various power levels
and ESS elements energy efficiency are determined. It is
determined, that ESS with CHPI and peak fuel-fired boilers,
suggested in the research [11], will be energy efficient, if the
share of CHPI loading in ESS will be >04. If this
condition is realized, modern high efficient electric and fuel-
fired boilers will be inferior by their energy efficiency to the
above-mentioned ESS. Under these conditions the above-
mentioned ESS can be recommended as energy efficient
energy supply systems.

In research [12] methodical fundamentals are developed,
spheres of energy efficient operation of ESS with CHPI and
PSH in heat supply systems, on conditions of CHPI optimal
operation modes are determined, energy efficient operation
modes of ESS with CHPI and PSH in heat supply systems
are determined, with the account of complex impact of
variable operation modes, sources of drive energy for steam
compressor HPI of different power levels, with the account
of energy losses in the process of generation, supply and
conversion of electric energy.

In research [12] on conditions of minimal efficiency of
GPE and fuel-fired boiler (boiler house), for ESS with CHPI
of different power levels and peak fuel-fired boilers the areas
of energy efficient operation in heat supply systems, that
corresponds to energy efficient operation modes of ESS and
CHPI with $=(0,32...0,37)...0,63 and Kk, ,,, = L1...1,6

are determined. Under these conditions energy efficiency of
these ESS exceeds energy efficiency of high efficient electric
and fuel-fired boilers.

In research [12] on conditions of maximal efficiency of
GPE and fuel-fired boiler (boiler house), for ESS with CHPI
of different power levels and peak fuel-fired boilers the areas
of energy efficient operation in heat supply systems, that
corresponds to energy efficient operation modes of ESS and
CHPI with $=(0,16...0,26)...0,63 and K., = 1,1...2,1

are determined. The investigated ESS can be competitive
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with modern high efficient electric and fuel-fired boilers in
heat supply and energy supply systems.

In research [13] the areas of high energy efficiency of
ESS with large power CHPI and FB, on conditions of
optimal operation modes of CHPI are determined; energy
efficient operation modes of ESS with large power CHPI and
FB with the account of complex impact of variable operation
modes, sources of drive energy for steam compressor HPI of
large power, with the account of energy losses in the process
of generation, supply and conversion of electric energy are
determined.

In [1 — 13] the authors did not determine the areas of high
energy efficiency of energy supply systems with combined
CHPI of large power and FB for HSS, on conditions of
optimal operation modes of CHPI.

Objective. Aim of the research is the determination of
the areas of high energy efficiency of ESS with CHPI of
large power and peak FB for HSS on conditions of optimal
operation modes of CHPI, determination of energy efficient
operation modes of ESS with large power CHPI and peak
FB in HSS with the account of complex impact of variable
operation modes, sources of drive energy for steam
compressor HPI of large 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 large power and peak FB for heat supply
systems. Energy efficiency of ESS with steam compressor
HPI of large power (higher than 1 MW) with cogeneration
drive from GPE was studied. Fuel-fired boiler houses were
provided to be used as peak sources of heat in ESS. The
investigated ESS with CHPI of large power and FB can
completely or partially provide auxiliary needs in electric
energy and provide the consumers needs in heating and hot
water supply. Schemes of the ESS with CHPI and peak FB
for HSS are presented in works [1, 10]. Methodical
fundamentals of energy efficiency evaluation of ESS with
large power CHPI and peak FB for HSS are given in
research [8].

Areas of high energy efficiency of ESS with CHPI of
large power and peak FB for HSS can be determined from
the dependences, suggested in the research [11 — 12], on
conditions of K _,,,, >1and Kg >1 [11]. If the above-

mentioned conditions are realized, the investigated ESS with
CHPI of large power and FB 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 energy efficiency of ESS
with CHPI of large power and peak FB for heat supply
systems are defined on conditions of optimal operation
modes of large power 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
CHPI of large power and FB 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 CHPI of large power and FB in HSS for energy
efficient operation modes of CHPI, based on the results of
the studies [7 — 8]. The values of the dimensionless criterion
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of energy efficiency of ESS with large power CHPI and FB
in HSS is studied for the cases of seasonal variable loading
of CHPI within ESS for optimal values of CHPI loading
share the range of p =0,16...0,63 [14 — 16], that corresponds
to temperature modes of heat supply system operation. As
above mentioned, the areas of high energy efficiency of ESS
with CHPI of large power and FB can be determined on
conditions of ., >1and k.o >1[11]. The research

is carried out for energy efficient operation modes of large
power CHPI with Keppy =11--:2,1 (on conditions of

maximum efficiency of GPE) and with Kepp — L1 1,6

(on conditions of minimum efficiency of GPE), based on the
results of the studies [7 — 8]. The above-mentioned values of
CHPI x,,., energy efficiency criterion correspond to the

values of real coefficient of performance of CHPI within the
limits of ¢r = 2,7...5,4 for CHPI of large power, according to
[8].

Fig. 1 shows the area of high energy efficiency of ESS
with CHPI of large power and peak fuel-fired boiler for HSS,
on conditions of minimal efficiency of GPE and FB.

In the given research, in accordance with [2, 7], the
following values are taken into account: value of GPE
efficiency factor nggoe = 0,31 and value of electric motor

efficiency factor with the account of energy losses in the
control unit of electric motor v =0,9. Fuel-fired boiler

house with 1, = 0,8 is provided to be peak source of heat
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in ESS for these conditions. The value of dimensionless
criterion of fuel-fired boiler energy efficiency will be

KES, = 08.

As it is seen from Fig. 1, the values of complex
dimensionless criterion of ESS energy efficiency are
Kgs =1,01...1,12 on condition on minimal value of

energy efficient criterion of CHPI k., =13; for
operation modes of ESS with x_, , > 1,3 the values of

dimensionless criterion of ESS energy efficiency change
within the limits of Kegs = 1,05...1,304. High efficient

operation modes of these ESS are provided on conditions of
energy efficient modes of CHPI operation with the values of
energy efficiency index i, ,, = 1.3...1,6.

As it is seen from Fig. 1, on conditions of k., >13
and K. > 1[11], dependence, shown in Fig. 1, determine

area of high energy efficiency of ESS with CHPI of large
power and peak fuel-fired boiler (boiler house) for HSS, on
conditions of minimal efficiency of GPE and fuel-fired boiler
(boiler house). On such conditions, the above-mentioned
ESS can be recommended as high efficient energy supply
systems, as their efficiency exceeds energy efficiency of high
efficient electric and fuel-fired boilers. The studied ESS can
be competitive with modern high efficient electric and fuel-
fired boilers in heat and energy supply systems.
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Fig. 1 — Area of high energy efficiency of ESS with CHPI of large power and peak fuel-fired boiler, on conditions of minimal efficiency of
GPE and FB for heat supply systems

Fig. 2 shows the area of high energy efficiency of ESS
with CHPI of large power and peak fuel-fired boiler for HSS,
on conditions of maximal efficiency of GPE and FB. In the
given research, according to [2, 7], the following values are
taken into account: value of GPE efficiency factor ,__,_ =

0,42 and value of electric motor efficiency with the account
of energy losses in the control unit of electric motor
Nep = 0.9. Fuel-fired boiler house with g = 09 is
provided to be peak source of heat in ESS for these
conditions. The value of dimensionless criterion of fuel-fired
boiler energy efficiency will be kF8, = 0,9.

As it is seen from Fig. 2, the values of complex
dimensionless criterion of ESS energy efficiency are
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Kgss = 1,01...1,15 on condition on minimal value of
energy efficient criterion of CHPI K., =13; for
operation modes of ESS with K, ., > 1,3 the values of

dimensionless criterion of ESS energy efficiency change
within the limits of K_. =1,03...1,656. High efficient

operation modes of these ESS are provided on conditions of
energy efficient modes of CHPI operation with the values of
energy efficiency index k., =1,3...2,1.

As it is seen from Fig. 2, on conditions of Kepey > 13
and K. > 1 [11], dependence, shown in Fig. 2, determine

area of high energy efficiency of ESS with CHPI of large
power and peak fuel-fired boiler (boiler house) for HSS, on
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conditions of maximal efficiency of GPE and fuel-fired
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 competitive with
modern high efficient electric and fuel-fired boilers in heat
and energy supply systems.
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It is determined, that ESS with CHPI of large power and
peak fuel-fired boilers for HSS, suggested in the research,
will be high energy efficient, if the share of CHPI loading in
ESS will be >0,264...0,421 (depending on various ESS
elements energy efficiency) and the value of energy efficient
criterion of CHPI will be K5, >1,3; that corresponds to

the results of research, shown in Figs. 1-2.
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Fig. 2 — Area of high energy efficiency of ESS with CHPI of large power and peak fuel-fired boiler, on conditions of maximal efficiency of
GPE and FB for heat supply systems

Dependence, shown in Fig. 1, determine the area of high
efficient operation of ESS with CHPI of large power and
peak fuel-fired boiler (boiler house) for heat supply, on con-
ditions of minimal efficiency of GPE and fuel-fired boiler
(boiler house). On conditions of P =0,421...0,63 and
Kcppy = 1,3...1,6 these ESS can be recommended as high

efficient energy supply systems for heat supply, as their effi-
ciency exceeds energy efficiency of high efficient electric
and fuel-fired boilers. Dependence, shown in Fig. 2 deter-
mine the area of high efficient operation of ESS with CHPI
of large power and peak fuel-fired boiler (boiler house) for
heat supply, on conditions of maximal efficiency of GPE and
fuel-fired boiler (boiler house). On conditions of
B=0264...0,63 and K5, = 1,3...2,1 these ESS can be

recommended as high efficient energy supply systems for
heat supply, as their efficiency almost two times exceeds
energy efficiency of high efficient electric and fuel-fired
boilers. The investigated ESS can be competitive with mod-
ern high efficient electric and fuel-fired boilers in heat supply
and energy supply systems. At these conditions the areas of
high energy efficiency of the above-mentioned ESS for HSS
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 peak fuel-fired 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 large power CHPI and FB for HSS, on conditions of

73

optimal operation modes of CHPI are determined; energy
efficient operation modes of ESS with large power CHPI and
FB for HSS with the account of complex impact of variable
operation modes, sources of drive energy for steam
compressor HPI of large 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 CHPI of large
power and FB for 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 FB in ESS;

— it enables to determine areas and modes of high energy
efficient operation of ESS with large power CHPI and FB for
HSS, at which energy efficiency of the studied ESS almost
two times exceeds energy efficiency of modern high energy
efficient electric and fuel-fired boilers;

— methodical fundamentals, suggested in [8], and the re-
sults of research, presented in the given paper, could be used
for the determination of the areas of high efficient operation
of ESS with FB and steam compressor CHPI of large power
for heat supply, with various refrigerants, sources of low
temperature heat and scheme solutions;

— it allows to develop recommendations, aimed at high
energy efficient operation of ESS with large power CHPI
and FB for HSS with different scheme solutions.

Under conditions of K., > 13 and K. >1 and

modes of energy efficient operation of CHPI, areas of high
energy efficiency and high energy efficient operation modes
of ESS with CHPI of large power and peak fuel-fired boilers
for heat supply, for various ESS elements energy efficiency
are determined.

www.seanewdim.com



Science and Education a New Dimension. Natural and Technical Sciences, V(14), Issue: 132, 2017

It is determined, that ESS with CHPI of large power and
peak fuel-fired boilers for HSS, suggested in the research,
will be high energy efficient, if the share of CHPI loading in
ESS will be §>0,264...0,421 (depending on various ESS
elements energy efficiency) and the value of energy efficient
criterion of CHPI will be Kepp, > 13

On conditions of =0,421...0,63 and Keppr = 1,3...1,6

ESS with CHPI of large power and peak FB, on conditions
of minimal efficiency of GPE and FB, can be recommended
as high efficient energy supply systems for heat supply, as
their efficiency exceeds energy efficiency of high efficient
electric and fuel-fired boilers. On conditions of
B=0,264...0,63 and K., = 1.3...2,1 ESS with CHPI of

large power and peak FB, on conditions of maximal efficien-

cy of GPE and FB, can be recommended as high efficient
energy supply systems for heat supply, as their efficiency
almost two times exceeds energy efficiency of high efficient
electric and fuel-fired boilers. The investigated ESS can be
competitive with modern high efficient electric and fuel-fired
boilers in heat supply and energy supply systems.

If this condition is realized, modern high efficient electric
and fuel-fired boilers will be inferior by their energy
efficiency to the above-mentioned ESS for heat supply.
Under these conditions the above-mentioned ESS can be
recommended as high efficient energy supply systems for
HSS, as their efficiency almost two times exceeds energy
efficiency of high efficient electric and fuel-fired boilers.
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Oo0s1acTH BBICOKOW 3Hepr03(l)(l)eKTﬂBHOCTI/I CHUCTEM 3Hepr0cna69|cemm ¢ KOIr¢HEPaAllHOHHO-TEIVIOHACOCHBIMHU YCTAHOBKAaMH 00J1b-
10# MOIHOCTH U MUKOBBIMM TOIUIMBHBIMHU KOTJIAMH B CHCTEMAX TeNJIOCHAOKEHUsI

O. I1. OcraneHko

AnHHoTauus. [IpeasoxkeH MoAXo Mo ONpeencHUo 00acTel BRICOKOH 3HEProapeKTUBHOCTH cucTeM dHeprocHatkenus (CD) ¢ koreHe-
PaLOHHO-TEeIUIOHACOCHBIMU ycTaHOBKamMu (KTHY) GoJblioii MOIHOCTH W MUKOBBIME TOILTMBHBIMU KoTiamu (TK) st cucrem Teruio-
crabxenust (CT), mpu yclnoBUsIX ONTUMAIBHBIX peskUMOB pabotel KTHY, ¢ yuerom KOMIUIEKCHOTO BIMSHUS IEPEMEHHBIX PEKIMOB pado-
ThI, HICTOYHUKOB TPUBOIHON SHEPTUH UL TTAPOKOMIIPECCHOHHBIX TEIJIOHACOCHBIX ycTaHOBOK (THY) Gompiioif MOIIHOCTH, ¢ y4eTOM Io-
Tepb SHEPIUH P TEHEPHPOBAHHH, CHA0KEHNH 1 IPe0Opa30BaHUH SIEKTPHIECKOH SHEPTHH.

Knrouegvie cnosa:. obnacme 6blCOKOU dHEp2OIPHEKMUBHOCIU, CUCEMA IHEP2OCHAOIICEHUS, KO2EHEPAYUOHHO-MENTIOHACOCHAS

YCMAaHoeKa, NUKOBBIUL MONTUBHBIL KOMET, CUCeMA MenoCHabICeHUs..
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