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Abstract: The approach, aimed at determination of the areas and modes of high energy efficient operation of energy supply systems (ESS)
with cogeneration heat pump installations (CHPI) of small power and peak fuel-fired boilers (FB), 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, supply and conversion of electric energy, is

suggested.
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Introduction. Taking into account the actuality of the given
problem, 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 HPL 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
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
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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 B, that is
determined as the ratio of thermal capacity of CHPI to
thermal capacity of ESS B = Qcupi/Qgss. 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 =(1=B) - Kpgy +B-Keypy )

where Kipgy — 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 [ —9, 11 —12],

KCHPI — 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 KCHPI , depending on real values of
HPT coefficient of performance ¢, and efficient factor of gas-
piston engine-generator (GPE) Mgqpy . Energy efficient
operation modes of CHPI correspond to the condition
Kepp; > 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 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
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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 Koy > 1 and Kpgq > My 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 B>0,4. 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 [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 small power and FB, on conditions of optimal
operation modes of CHPIL.

Objective. Aim of the research is the determination of
the areas of high energy efficiency of ESS with CHPI of
small power and peak FB on conditions of optimal operation
modes of CHPI, determination of high energy efficient
operation modes of ESS with CHPI of small power and peak
FB 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 FB. Energy efficiency
of ESS with steam compressor HPI of small power (up to 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 small
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 are presented in works [1, 10].
Methodical fundamentals of energy efficiency evaluation of
ESS with CHPI and peak FB are given in research [8].

Areas of high energy efficiency of ESS with CHPI of
small power and peak FB can be determined from the
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dependences, suggested in the research [11 — 12], on
conditions of Kq;p; > 1 and Kggg > 1 [11]. If the above-

mentioned conditions are realized, the investigated ESS with
CHPI of small 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 small power and FB are defined on conditions
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
CHPI of small power and FB high energy efficiency will be
demonstrated on the specific examples. Figs. 1 — 3 shows the
results of research, aimed at determination of the areas of
high energy efficiency of ESS with CHPI of small power
and FB for energy efficient operation modes of CHPI, based
on the results of the studies [7 — 8]. The values of
dimensionless criterion of ESS with CHPI of small power
and FB energy efficiency for the cases of variable loading of
CHPI within ESS on condition of CHPI share change within
the range B =0,1...1,0 are determined. As above mentioned,
the areas of high energy efficiency of ESS with CHPI of
small power and FB can be determined on conditions of

Keypr > 1 and Kggg > 1 [11]. The research is carried out
for energy efficient operation modes of small power CHPI
with KCHN =1,1...2,1 (on conditions of maximum

efficiency of GPE) and with Kgpp; =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 K p, energy efficiency criterion correspond to the

values of real coefficient of performance of CHPI within the
limits of @, =3,0...5,4 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 fuel-fired boiler, 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

Ngope = 0,31 and value of electric motor efficiency factor
with the account of energy losses in the control unit of
electric motor T, =0,8. Fuel-fired boiler house with
Ngp = 0,8 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 K Ing =0_8. As
it is seen from Fig. 1, the values of complex dimensionless
criterion of ESS energy efficiency are KESS =1,0...12 on
condition on minimal value of energy efficient criterion of
CHPI K cup; = 1,2; for operation modes of ESS with

K cnpr > 1,2 the values of dimensionless criterion of ESS

energy the of
K s = 1,05...1,6. High energy efficient operation modes

efficiency change  within limits

of these ESS are provided on conditions of energy efficient
modes of CHPI operation with the values of energy

efficiency index Kjp; = 1,2...1,6.
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Fig. 1 — Area of high energy efficiency of ESS with CHPI of small power and peak fuel-fired boiler, on conditions of minimal efficiency of
GPE and FB

Figs. 2-3 show the areas of high energy efficiency of ESS
with CHPI of small power and peak fuel-fired boiler, 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

Negpe = 0,42 and value of electric motor efficiency with the
account of energy losses in the control unit of electric motor
Nep = 0,8. Fuel-fired boiler house with My =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 KIE]:H =09.

Fig. 2 shows the area of high energy efficiency of ESS
with CHPI of small power and peak fuel-fired boiler, on
conditions of maximal efficiency of GPE and FB, and on
conditions of high efficient operation modes of CHPI with

KCHPI = 1,4...2,1. As it is seen from Fig. 2, the values of
complex dimensionless criterion of ESS energy efficiency
are KESS = 1,0...1,4 on condition on minimal value of

energy efficient criterion of CHPI KCHPI =14, for

operation modes of ESS with K ypy > 1,4 the values of
dimensionless criterion of ESS energy efficiency change
within the limits of Kqq = 1,02...2,1. As it is seen from

Fig. 2, on conditions of Kgyp; > 1,4 (for high efficient

operation modes of CHPI) and Kggg > 1 [11], dependence,

shown in Fig. 2, determine area of high energy efficiency of
ESS with CHPI of small power and peak fuel-fired boiler
(boiler house), on conditions of maximal efficiency of GPE
and fuel-fired boiler (boiler house) and high efficient
operation modes of CHPIL. On such conditions, the above-
mentioned ESS can be recommended as high efficient
energy supply systems, as their efficiency more than 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.

Fig. 2 — Area of high energy efficiency of ESS with CHPI of small power and peak fuel-fired boiler, on conditions of maximal efficiency of
GPE and FB, on conditions of high efficient operation modes of CHPI

66



Science and Education a New Dimension. Natural and Technical Sciences, V(15), Issue: 140, 2017 www.seanewdim.com

Fig. 3 shows the area of high energy efficiency of ESS
with CHPI of small power and peak fuel-fired boiler, on
conditions of maximal efficiency of GPE and FB, and on
conditions of optimal operation modes of CHPI with

Keypy = 11...2,1. As it is seen from Fig. 3, the values of
complex dimensionless criterion of ESS energy efficiency
are KESS = 1,0...1,1 on condition on minimal value of

energy efficient criterion of CHPI Ky =1,1; for

operation modes of ESS with K py > 1,1 the values of
dimensionless criterion of ESS energy efficiency change

within the limits of K¢ = 1,05...2,1.
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Fig. 3 — Area of high energy efficiency of ESS with CHPI of small power and peak fuel-fired boiler, on conditions of maximal efficiency of
GPE and FB, on conditions of optimal operation modes of CHPI

As it is seen from Fig. 3, on conditions of Kcppr > 1,1

(for optimal operation modes of CHPT) and Kpgg > 1 [11],

dependence, shown in Fig. 3, determine area of high energy
efficiency of ESS with CHPI of small power and peak fuel-
fired boiler (boiler house), on conditions of maximal
efficiency of GPE and fuel-fired boiler (boiler house) and
optimal operation modes of CHPIL. On such conditions, the
above-mentioned ESS can be recommended as high efficient
energy supply systems, as their efficiency more than 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.

It is determined, that ESS with CHPI of small power and
peak fuel-fired boilers, suggested in the research, will be
high energy efficient, if the share of CHPI loading in ESS
will be > 0,5 for optimal operation modes of CHPI and the
value of energy efficient criterion of CHPI will be

Keypr > 11...1,2 (depending on various ESS elements

energy efficiency); that corresponds to the results of
research, shown in Figs. 1 and 3.

It is determined, that ESS with CHPI of small power and
peak fuel-fired boilers, suggested in the research, will be
high energy efficient, if the share of CHPI loading in ESS
will be §>0,2 for high efficient operation modes of CHPI,
that corresponds to the results of research, shown in Figs. 2.
However, such operation modes of ESS will be provided on
condition of high efficient operation of CHPI with energy

efficiency index of Kqyp; > 1,4.

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-
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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, as
even in case of minimal efficiency of GPE and FB, energy
efficiency of ESS almost two times 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 CHPI of small power and FB, on conditions of optimal
operation modes of CHPI are determined; high energy
efficient operation modes of ESS with CHPI of small power
and FB with the account of complex impact of variable
operation modes, sources of drive energy for steam
compressor HPT 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 CHPI of small
power and FB has a number of advantages:

— it takes into account variable operation modes of ESS
with the change of load distribution between steam
compressor CHPI of small power and peak FB in ESS;

— it enables to determine areas and modes of high energy
efficient operation of ESS with small power CHPI and FB, 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 small power,
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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 small power CHPI
and FB with different scheme solutions.

Under conditions of K, >1.1...14 (depending on

various ESS elements energy efficiency) 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 small power and peak fuel-fired
boilers, for various ESS eclements energy efficiency are
determined.

It is determined, that ESS with CHPI of small power and
peak fuel-fired boilers, suggested in the research, will be
high energy efficient, if the share of CHPI loading in ESS
will be B> 0,5 for optimal operation modes of CHPI and the
value of energy efficient criterion of CHPI will be

Keypr > L1...1,2 (depending on various ESS elements

energy efficiency).

It is determined, that ESS with CHPI of small power and
peak fuel-fired boilers, suggested in the research, will be
high energy efficient, if the share of CHPI loading in ESS
will be B>0,2 for high efficient operation modes of CHPI.
However, such operation modes of ESS will be provided on
condition of high efficient operation of CHPI with energy

efficiency index of K. ,p; > 14.

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 high efficient energy supply systems, as their efficiency
more than two times exceeds energy efficiency of high
efficient electric and fuel-fired boilers.
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O0J1acTH BBICOKOI 3Hepr03(‘)(‘)eRTI/IBHOCTI/I CHCTEM 3Hepr0cnaﬁmemm ¢ KOreHepanmuoHHO-TeIVIOHACOCHBIMH YCTAHOBKaMH MAaJIoi

MOIHOCTH ¥ MHKOBLIMH TOILUIHBHBIMH KOTJIAMH
O. II. Ocranenxo

AnHoTaums: TIpeuiokeH NOAXO MO onpeesieHnio obnacreii U PEKUMOB BLICOKOH SHEProd((eKTHBHOCTH CHCTEM SHEProcHabKeHH s
(CD) ¢ xoreneparoHHO-TeIIOHacOCHBIMH ycTaHoBkaMu (KTHY) mMasoit MOIITHOCTH ¥ MUKOBBIMU TOILIMBHBIMU KoThamu (TK), pu ycno-
BUSX ONITUMAIIbHBIX pexkimoB pabotel KTHY, ¢ yueToM KOMIUIEKCHOTO BIMAHYSA HIEPEMEHHBIX PEKUMOB pabOTB], HCTOYHHKOB IIPHBOIHOMN
SHEPrUM AN MAPOKOMITPECCHOHHBIX TEMIOHACOCHBIX ycTaHoBOK (THY) Maoii MOLIHOCTH, ¢ yHeTOM NOTEPh SHEPruH NMPH reHEPUPOBAHHH,

CHa0KEHVH ¥ TIPe0Opa3OBaHKH NEKTPHICCKOM IHEPTUN.

Knrouesste cnosa: odnacme 6b1cOKoU QHB[JCOG)d)dJeKInllG’HOCInll, cucmema 3H6p200Ha6()lC€Huﬂ, KOceHepayuoHHO-MeNJI0HACcoCHAs yeina-
HOBKA MAIOU MOWgHOCIMU, NAPOKOMNPECCUOHHAA 111ENAOHACOCHAS YCINAHO6KA Manoit MougHocmu, HUKOBBLU TNONAUBHBIL KOME.
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