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Abstract. The approach, aimed at determination of the areas and modes of high energy efficiency of energy supply systems (ESS)
with cogeneration heat pump installations (CHPI) of small power and peak electric boilers (EB), 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 instalations (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. In recent years a number of investigations,
dealing with the efficiency of usage combined cogenera-
tion heat pump installations in thermal schemes of energy
supply sources were carried out [1 — 12]. This technology
provides the application of combined cogeneration heat
pump installations, that enables to reduce the consump-
tion of natural or alternative gas by 30 — 45 %, as com-
pared with boiler installations of the equivalent capacity
[1], and obtain cheaper at cost electric energy, as com-
pared 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 enter-
prises.

Publications review on the subject. In research [2 —
3] energy advantages are evaluated and efficient real op-
eration 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 ac-
count 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 pro-
cess of generation, supply and conversion of electric en-
ergy are suggested. In [5 — 6] scientific fundamentals are
suggested and comprehensive assessment of energy effi-
ciency of steam compressor HPP with cogeneration drive
with the account of complex impact of HPP variable op-
eration modes, HPP peak sources of heat, sources of drive
energy of steam compressor HPP of various power levels,
with the account of energy lossesin the process of genera-
tion, supply and conversion of electric energy is per-
formed. 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
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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 energy effi-
ciency of energy supply systems with combined CHPI
and PSH, on conditions of optimal operation modes of
CHPI for heat supply systems is performed, energy effi-
cient 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 effi-
ciency 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 = Qchr/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 =(1-B)-Kpgy + B Kchpi )

where Kpg; — dimensionless criterion of energy effi-
ciency of peak source of heat within ESS (hot-water fuel-
fired boiler (FB), electric boiler (EB), solar collectors,
etc.) from theresearches[8 -9, 11 - 12],

Kcppr — 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 efficien-
cy dimensionless criterion K , depending on real val-

ues of HPI coefficient of performance ¢, and efficient
factor of gas-piston engine-generator (GPE) 7ggpe - EN-

ergy efficient operation modes of CHPI correspond to the
condition Ky > 1.

Dimensionless criterion of energy efficiency of peak
source of heat — electric boiler — within ESS Kpg, , ac-

cording to [8], obtained on the base of energy baance

©|O. P. Ostapenko 2017


holis.diana@gmail.com
Typewritten text
O. P. Ostapenko 2017


Science and Education a New Dimension. Natural and Technical Sciences, V(16), Issue: 148, 2017 www.seanewdim.com

equation for the systems «Source of electric energy —
electric boiler — heat consumer from ESS», with the ac-
count of the impact of the energy sources for peak electric
boiler and with the account of energy losses in the process
of generation and supply of electric energy to electric
boiler. In research [8], assessment of peak electric boiler
energy efficiency in ESS, in case of electric energy usage
from CHPI and for the cases of electric energy consump-
tion from energy system, based on conventional or alter-
native sources of electric energy on the base of steam-gas
installations, gas-turbine installations, solar power plants
of thermodynamic cycle, wind energy plants is carried
out.

High values of energy efficiency dimensionless criteri-
on for ESS with CHPI, obtained in [8], confirm high en-
ergy 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 research [11] methodical fundamentals are devel-
oped, 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 ac-
count of complex impact of variable operation modes,
sources of drive energy for steam compressor HPI of dif-
ferent power levels, with the account of energy losses in
the process of generation, supply and conversion of elec-
tric energy. In research [11] on conditions of Kqyp >1

and Kggs > 175 and modes of energy efficient operation

of CHPI, areas of energy efficient operation and energy
efficient operation modes of ESS with CHPI and peak
electric boilers with different variants of electric energy
sources for peak electric boiler, for different levels of ESS
elements energy efficiency are determined. It is deter-
mined, that ESS with CHPI and peak electric bailers,
suggested in the research [11], will be energy efficient, if
the share of CHPI loading in ESS will be § >0,7. Under
these conditions, the above-mentioned ESS can be rec-
ommended 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 sup-
ply systems are determined, with the account of complex
impact of variable operation modes, sources of drive en-
ergy for steam compressor HPI of different power levels,
with the account of energy lossesin the process of genera-
tion, supply and conversion of electric energy.

In [1 - 12] the authors did not determine the areas of
high energy efficiency of energy supply systems with
combined CHPI of small power and peak EB, on condi-
tions 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 small power and peak EB on conditions of optimal
operation modes of CHPI, determination of high energy
efficient operation modes of ESS with CHPI of small
power and peak EB with the account of complex impact

86

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. Energy effi-
ciency 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 of small power and peak EB 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 peak EB are present-
ed in works [1, 10]. Methodical fundamentals of energy
efficiency evaluation of ESS with CHPI and peak EB are
giveninresearch [8].

Areas of high energy efficiency of ESS with CHPI of
small power and peak EB can be determined from the
dependences, suggested in the research [11 — 12], on con-
ditions of Kgpyp >1 and Kggg > 1 [11]. If the above-

mentioned conditions are realized, the investigated ESS
with CHPI of small power and peak EB can be recom-
mended as high energy efficient ESS that can be competi-
tive with modern high-efficient electric and fuel-fired
boilersin heat supply and energy supply systems.

In our study the areas of high energy efficiency of ESS
with CHPI of small power and peak EB 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 peak EB high energy effi-
ciency will be demonstrated on the specific examples.
Figs. 1 — 3 shows the results of research, aimed at deter-
mination of the areas of high energy efficiency of ESS
with CHPI of small power and peak EB for energy effi-
cient 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 EB 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 peak EB can be determined on condi-
tions of Kgyp >1 and Kggg > 1 [11]. The research is

carried out for energy efficient operation modes of small
power CHPI with Kgpyp =1,1...2,1 (on conditions of

maximum efficiency of GPE) and with Ko = 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¢y energy efficiency criterion corre-

spond 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 electric boiler, on
condition of electric energy consumption by electric boil-
er from energy system of Ukraine. In the given research,
according to [2, 7], the following values are taken into
account: averaged value of the efficiency factor of
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Ukrainian electric power plants (EPP) 7:p» = 0,383 and

efficiency factor value of distributive éectric grids in
Ukraine npg =0,875. For these conditions, electric boil-

er house with 7., = 0,95 is provided to be peak source of

heat in ESS.
In case of efficiency factor of electric boiler house
change in the range 7;; =0,9...0,95 the value of dimen-

sionless criterion of electric boiler energy efficiency for
the cases of electric energy consumption from energy

system will be K53, = 0,302...0,318. On conditions of
Kepp > 1 and Kesg > 1 dependences, suggested in the

given research, determine the areas of high energy effi-
cient operation of the studied ESS.
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Fig. 1 — Areaof high energy efficiency of ESS with CHPI of

small power and peak electric boiler, on condition of electric

energy consumption by electric boiler from energy system of
Ukraine

Asit is seen from Fig. 1, the values of complex dimen-
sionless criterion of ESS energy efficiency are
Kgss= 1,03...1,5 on condition of minimal value of ener-

gy efficiency criterion of CHPl Kgyp = 1,5; for opera-
tion modes of ESS with Kyp > 1,5 the values of dimen-

sionless criterion of ESS energy efficiency change within
the limits of Kggg= 1,09...2,1. High energy efficient

operation modes of these ESS are provided on conditions
of energy efficient operation modes of CHPI with the
values of energy efficiency index K¢pp = 1.5...2,1.

Asitisseen from Fig. 1, on conditions of Keyp > 1,5
and Kggs > 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
condition of electric energy consumption by electric boil-
er from energy system of Ukraine.

The investigated ESS with CHPI of small power and
peak EB, on condition of electric energy consumption by
electric boiler from energy system of Ukraine, can be
recommended as high energy efficient ESS, that can be
competitive with modern high efficient electric and fuel-
fired boilersin heat supply and energy supply systems, as
their efficiency more than two times exceeds energy effi-
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ciency of modern high efficient electric and fuel-fired
boilers.
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Fig. 3— Areaof high energy efficiency of ESS with CHPI of
small power and peak electric boiler, on conditions of maximal
efficiency of GPE and EB, with the consumption of electric
energy by peak electric boiler from CHPI

Fig. 2 shows the area of high energy efficiency of ESS

with CHPI of small power and peak electric boiler house,

on conditions of minimal efficiency of GPE and EB, with
the consumption of electric energy by peak source of heat
(electric boiler) from CHPI. In the given research, in ac-
cordance with [2, 7], the following values are taken into
account: value of GPE efficiency factor 7ggpe = 0,31 and
value of electric motor efficiency factor with the account
of energy losses in the control unit of electric motor
nep = 0,8. Electric boiler house with 7., =0,9 is pro-
vided to be peak source of heat in ESS for these condi-
tions.

Kcrer
Fig. 2 — Areaof high energy efficiency of ESS with CHPI of
small power and peak electric boiler house, on conditions of
minimal efficiency of GPE and EB, with the consumption of
electric energy by peak electric boiler from CHPI
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The value of dimensionless criterion of energy effi-
ciency of eectric boiler for the cases of electric energy

consumption from CHPI will be k5§, = 0,223,

Asitisseen from Fig. 2, the values of complex dimen-
sionless criterion of ESS energy efficiency are
Kgss= 1,05...1,4 on condition of minimal value of ener-

gy efficient criterion of CHPl Kgpp = 1,4; for operation
modes of ESS with K > 1,4 the values of dimension-

less criterion of ESS energy efficiency change in the lim-
its Kggg= 1,12...1,6. High energy efficient operation
modes of these ESS are provided on conditions of energy
efficient modes of CHPI operation with the values of en-
ergy efficiency index Kepyp = 1,4...1,6.

Asit is seen from Fig. 2, on conditions of Kqpp > 1.4
and Kggs > 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 minimal efficiency of GPE and electric
boiler (boiler house), with the consumption of electric
energy by peak source of heat (electric boiler) from CHPI.
On these conditions, the above-mentioned ESS can be
recommended as high energy efficient systems of energy
supply, as their efficiency almost two times exceeds ener-
gy efficiency of high efficient electric and fuel-fired boil-
ers. Such ESS could be competitive with modern high
efficient electric and fuel-fired boilers in the systems of
heat and energy supply.

Fig. 3 shows the area of high energy efficiency of ESS
with CHPI of small power and peak electric boiler, 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 77ggpe = 0,42 and value of electric motor

efficiency with the account of energy losses in the control
unit of electric motor 7z = 0,8. Electric boiler house
with 75 = 0,95 is provided to be peak source of heat in
ESS for these conditions. The value of dimensionless cri-

terion of electric boiler energy efficiency for the cases of
electric energy consumption from CHPI will be

KES, = 0,319.

Asit is seen from Fig. 3, the values of complex dimen-
sionless criterion of ESS energy efficiency are
Kggs= 1,01...1,7 on condition on minimal efficient val-
ue of energy efficient criterion of CHPl Kgpp = 1,7; for
operation modes of ESS with Kgyp > 1,7 the values of
dimensionless criterion of ESS energy efficiency change
within the limits of Kggg= 1,06...2,1. High energy effi-
cient operation modes of these ESS are provided on con-
ditions of energy efficient modes of CHPI operation with
the values of energy efficiency index Kqpp = 1,7...2,1.

Asitisseen from Fig. 3, on conditions of Keyp > 1,7
and Kggg > 1 [11], dependence, shown in Fig. 3, 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), with the consumption of electric
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energy by peak source of heat (electric boiler) from CHPI.
On such conditions, the above-mentioned ESS can be
recommended as high energy efficient energy supply sys
tems, 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 electric boilers, suggested in the research, will
be high energy efficient, if the share of CHPI loading in
ESS will be f>0,5...0,7 (depending on sources of drive
energy for steam compressor CHPI and various ESS ele-
ments energy efficiency) and the value of energy efficient
criterion of CHPI will be Kgyp > 1,4...1,7 (depending

on sources of drive energy for steam compressor CHPI
and various ESS elements energy efficiency); that corre-
sponds to the results of research, shown in Figs. 1-3. 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 with
CHPI of small power and peak electric boilers can be
recommended as high efficient energy supply systems, as
even in case of minimal efficiency of GPE and electric
boiler, 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 peak EB, on conditions of
optimal operation modes of CHPI are determined; high
energy efficient operation modes of ESS with small pow-
er CHPI and peak EB 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 are determined.

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

- it takes into account variable operation modes of ESS
with the change of load distribution between steam com-
pressor CHPI and peak EB in ESS;

- it enables to determine areas and modes of high ener-
gy efficient operation of ESS with small power CHPI and
peak EB, 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
results of research, presented in the given paper, could be
used for the determination of the areas of high energy
efficient operation of ESS with peak electric boilers and
steam compressor CHPI of small power, 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 peak EB with different scheme solutions.
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Under conditions of Kgpyp > 1,4...1,7 (depending on

sources of drive energy for steam compressor CHPI and
various ESS elements energy efficiency) and Kggg > 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 elec-
tric boilers, for various ESS elements energy efficiency
are determined.

It is determined, that ESS with CHPI of small power
and peak electric boilers, suggested in the research, will
be high energy efficient, if the share of CHPI loading in
ESS will be > 0,5...0,7 (depending on sources of drive
energy for steam compressor CHPI and various ESS ele-
ments energy efficiency). 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 with
CHPI of small power and peak electric boilers can be
recommended as high energy efficient ESS, as even in
case of minimal efficiency of GPE and electric boiler,
energy efficiency of ESS almost two times exceeds ener-
gy efficiency of high efficient electric and fuel-fired boil-
ers. This ESS can be competitive with modern high effi-
cient electric and fuel-fired boilers in the systems of heat
and energy supply.
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OobJs1acTH BBICOKOH IHEProd)GpeKTUBHOCTH CUCTEM JIHEPrOCHAOKEHHSI ¢ KOTeHepPallMOHHO-TENJIOHACOCHBIMH YCTAHOBKAMU
MaJI0if MOIITHOCTH W MUKOBBIMH YJIEKTPHYECKAMH KOTJIaAMH
O. II. Ocranenko
AnHoTauusi: IIpeyiokeH TMOAXON MO OIPEACNICHHI0 o0nacteil W PEXKUMOB  BBICOKOH 9HEprod(G EeKTHBHOCTH CHCTEM
sHeprocHabxkernst (CD) ¢ KoreHepanmHOHHO-TEINIOHACOCHBIMH ycTaHoBKamu (KTHY) wmamoif MommocTM W IHKOBBIMH
anexTpudeckumu Kotiaamu (OK), mpu ycrnoBusx onTHManbHBIX pexxuMoB pabotsl KTHY, ¢ y4eToM KOMIUIEKCHOTO BIHSHHS
MIEPEMEHHBIX PEXXUMOB PabOTHI, HCTOYHUKOB IPUBOJHON SHEPIHU AN NMAapOKOMIPECCHOHHBIX TEIIOHACOCHBIX ycTaHoBOK (THY)
MaJIoif MOII[HOCTH, C Y4€TOM HOTEPb SHEPTUH TIPH I'eHEPUPOBaHUH, CHA0XKEHHUHU U MTPE0Opa30BaHUH AIIEKTPUIECKOIl SJHEPTUHL.
Kniwouesvie cnosa: obnacme 6vicokoli sHepeoIPhekmueHocmu, cucmema IHepeOCHAOHCEHUS, KO2EHePaAYUOHHO-MENIOHACOCHAS
YCMAHOBKA MAAO0U MOWHOCMUY, NAPOKOMNPECCUOHHAA MENIOHACOCHAS YCMAHOBKA MANOU MOWHOCMU, NUKOBbIL I71eKMpPUiecKull
Komel.
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