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Abstract. In this paper, there is analyzed the results of exergy economic optimization of heat-cooling
supply in building by using the solar heat pump system. It is possible to realize a system having high
reliability in operation of the system. The solar heat pump system according to the present technical
decision has high energy efficiency while ensuring reliability, and is useful as a domestic air conditioning
and heating water heater. It can also be applied to uses such as industrial heating and cooling devices.

Introduction

One of the effective ways to save fuel and energy
resources is the use of renewable energy sources,
primarily solar energy, accumulated through solar
collectors in a storage tank. However, the frequency of
action and low temperature potential of these sources
does not allow using their energy for heating and air
conditioning buildings directly without
transformations. Heat pump heat supply systems allow
increasing the temperature potential of the solar system
and compensating for the discrepancy in time between
their maximum energy intensity and peak heat
consumption. Regardless of the type of heat pump and
the type of compressor drive, the consumer receives 1.1
+ 2.3 times more heat per unit of consumed initial fuel
than with direct combustion of fuel [1]. Such a high
efficiency of its production is achieved by the fact that
the heat pump involves in its useful use low-potential
heat from solar energy in residential buildings with a
temperature from +3 to 40 °C [2], which cannot be
directly used for heat supply.

It is of interest to provide energy supply to buildings
based on the combined use of solar thermal collectors
and heat pumps.

Heat pumps have great prospects in utilizing the energy
of waste low-grade heat of industrial enterprises. For
example, the amount of heat transferred to the
environment in the cooling towers of the HPP is
sufficient to fully cover the city's heat supply demand
at outdoor air temperatures down to —8°C [3].

There are two disadvantages to using heat pumps. The
first is associated with the high cost of equipment,
amounting to $§ 200 per 1 kW of thermal power [4],
although the payback period is 2+3 years. The second
drawback is associated with the cheapness of natural

fuel in Uzbekistan. The price ratio of 1 kWh of
electricity to 1 m® of natural gas in Uzbekistan is
0.7+1.2, and in Europe - 0.4+0.6 [5]. Such a sixfold
excess of the cost of electricity over the cost of gas, of
course, cannot be economically explained. Therefore,
in the current economic conditions, individual heat
supply with the use of heat pumps is much more
economical in terms of costs than electric heating, but
comparable to gas heating. But when energy prices
equalize, which will happen after a while, the use of
heat pumps will become undoubtedly beneficial.

1.1 Schema the solar heat pump system of
a heat supply

Fig. 1 shows a schema of a solar heat pump system [6].
When the temperature in the battery approaches room
temperature, temperature control due to the heat in the
tank becomes impossible in conventional systems.
Under these conditions, the refrigeration compressor
can be started to transfer heat from the accumulator to
the heat exchanger in the water supply line to the room
by means of a pneumatic switch at the outlet of the
water temperature regulator.

When the temperature in the accumulator begins to
drop below the temperature in the heat exchanger, the
differential thermal switch stops circulation through the
tank.

In accumulators of solar heating systems, the water
temperature during the day can rise to 6°C. As a result
of heat removal from the accumulator during the night,
this temperature can drop to 37.8°C, depending on
weather conditions, the size of the accumulator tank,
room temperature, etc. Increasing the size of the tank,
the thermal capacity of which exceeds 1-2 daily heat
demand, may not be economically viable. When a heat
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pump is included in the circuit, the temperature in the
battery can be lowered to 0°C and in fact double the
thermal capacity of the system.

The creation of heat pump compressors and other
components  requires  significant funds; most
manufacturers of heat pumps chose the path of using
without any modernization of equipment for
refrigeration machines of appropriate refrigerating
capacity or using extremely expensive imported
components [7]. The cost of heat pumps manufactured
in the CIS ranges from 90 to 110 thousand US dollars
with a heating capacity of 1 Gceal / hour, which is 40 +
320% lower than the cost of foreign manufacturers [8].
The vapor compression heat pump works as follows. In
the evaporator, freon removes heat from the heat carrier
of the heat collection system (solar collector), while

Collector

Adjusted to
temperatire
06°c

evaporating and in the vapor state is sucked into the
compressor, which is powered by the supplied
electricity. In it, the vapor is compressed, as a result of
which its thermodynamic potential increases. In the
condenser, freon vapors condense, the energy received
by it in the evaporator and compressor is released in the
form of heat and transferred to the heat carrier of the
heating system. For every kilowatt spent on the drive of
the compressor, 2.45 + 4 kW of heat is supplied to the
heating system [9].

The ratio of discharge pressure to suction pressure in
reciprocating compressors of refrigeration machines
should not exceed [10]

Pk = Ppumping/Psuction =6+7.

Compressor

-+

Capacitor

into the room

Water refurn

Fig.1. Heat supply system with heat pump: TS - differential temperature controller; TC - temperature regulator; LC -
level regulator; ATS - differential thermal switch; PS - pneumatic switch; D - actuator.

1.2 Comparison of systems heat supply

The heat pump always has alternative energy supply
systems. Compared to traditional energy sources, a
heat pump should be a more profitable option for all

three comparison criteria (energy, economy, ecology).
Table 1 compares the ecological characteristics of
various heat supply sources [11]

In fig. 2 shows the schematic diagrams of five
systems. The effectiveness of their application is
analyzed below.

Table 1. Harmful emissions during the heating season (1448 hours) from various heat sources with a thermal capacity
of 1.16 MW [11].

Emission, tons per year Coal boiler Electr heating, gas boiler Heat pump (u= 3,6)
SO« 21,77 38,02 10,56
NOx 7,62 13,31 3,70
Solid particles 5,8 8,89 2,46
Fluoride compounds 0,182 0,313 0,087
Total 34,65 60,53 16,81
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Fig.2... Schematic diagrams of five options for heat supply systems

Thermodynamic model of systems: temperature for
the consumer 7 = 120°C; temperature of the coolant
leaving the solar collector, T.,; = 80°C; heating
capacity of systems Q. =3 MW. The following values
were chosen as the average of numerous design and
operation experiences of the systems under
consideration: Boiler efficiency: on liquid fuel
n =10.75; on gas 5 = 0.70; adiabatic efficiency of the
compressor #.s = 0.85; temperature head in the
condenser and evaporator AT = 10°C [12]. The total
cost of any of the systems under consideration
consists of three components - capital, operating
costs, and repair and maintenance costs.

1.3 Method

The analysis and optimization is based on the solution
of the exergoeconomic factor:

Z
U "~ Z+Cr(Ep +E)

€y

Thus, for the heat pump and its alternative systems,
it is additionally necessary to determine the
following values: destruction of exergy Ep caused by
the presence of heat losses A7 during heat transfer.
We will assume that the loss of exergy E; caused by
the presence of a temperature difference between the
surface of all vehicles and the environment is absent
at this stage of the analysis for all systems shown in
Fig. 2. The price of the exergy of the "fuel" Cr for the
compressor, and therefore for the entire heat pump,
is the price of electricity for alternative systems, i.e.
drive energy price.
For any element of a heat pump or other system
capital costs

anp.exp. = aixin(1 + b)Y /N; (2)
a — unit price; x — element characteristic; n, y —
function indicators; N — operation term. Values of
parameters n, y , b, N are shown in the table 2.

Table 2. Parameters of calculations [13]

Element n b y N, years
Solar collector 1 0,06 4 20
Capacitor 0,95 0,06 2 10
Kondensator 0,6 0,06 2 15
Evaporator 0,53 0,06 16 15
Boiler 0,5 0,06 16 20

Economic characteristics of the system(a) [14]:
Solar collector 13 Euro/m?;

Capacitor 292 Euro/kW;
Kondensator 13 Euro/m?;
Evaporator 74 Euro/m?;
Boiler 190,3 Euro/( kg -hour);

Concentrator 8,4 7-10-6 Euro/kJ;
Drive Energy / Average Purchase Price of Energy:
Liquid fuel 2,2-10°° Euro/kx/JIx;

Gas 3,0-10°% Euro/kx/Ix;

Electro energy  3,48-102 Euro/(kW-hour).

The wvalues of the technical indicators of the
parameters of the elements of a heat pump using
water as a working substance and a solar collector to
it (characteristic x):

Solar collector heat exchange surface area 21 206 m?;
Compressor effective power 587 kW;

Condenser heat exchange surface area 129.2 m?;
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Evaporator heat exchange surface area 102.9 m?;
Boiler mass flow rate of liquid fuel 4050 kg / h;
Concentrator heating capacity 3000 kW.

of using a liquid fuel boiler is traditional and well-
studied from experience. A significant drawback of
such a system is the absence of a system of highways
for delivering fuel to the consumer. Consequently,
there is a need to create a liquid fuel storage system
with mandatory safety measures in general and
especially fire safety. It is understood that these costs
should be included as

1.4 Results

Analyzing the results obtained, we state that at the

stage of preliminary design, the efficiency of the heat
pump is not much higher than the efficiency of
system 2 using liquid fuel. The 3.6% difference in the
total cost of the system is insignificant and falls
within the range of the so-called 4% error allowed by
the technical calculation standard. Thus, we conclude
that the only alternative to a heat pump can be a
liquid fuel boiler. For the future consumer, the idea

additional capital and
maintenance costs. Naturally, the total costs (system
2 + storage of liquid fuel) will significantly exceed
3.6%, therefore, the heat pump will be more efficient.
Summarizing all the results obtained, we build a
streaming exergoeconomic diagram of a solar heat
pump system (Fig. 3). Using equation (2), we
determine the exergoeconomic factor for each of the
systems and compare this indicator (table 3)

Caysrem produer =169625 Exro per year
I {e={0.033 Eura/kWh))

(C=1T7038 Euro per year

C=217T08Euro per year

‘[r'—[(.‘l,(l_i_l Furo/kWli)) | Capacitor

Z=835 Euro per year

(e=(0,033 Eura/kWh)) A

5= 31880 Eure per year

Compressor
Z= 23493 Euro per year 1
€= 10280 Euro per year

= 149146 Euro per year
(e=(0.0348 Euvro/EWhi)

Evaporator
£= 5563 Euro per year
C=12343 Euro per year| (3= 6577 Euro per year |r=%$3349 Euro per year
(e=(0,033 Exro/kWh)) 'y {e={0,021 Exro/kWh))
Solar collector |

=0 Ero per year

{C'=42020 Enro per year
Z=42020 Euro per year | =——— =— 1

{e=(0 Enra/kWh)) (= 0 Euro per year (e=(0,016 Euro/KWh})
Figure: 3. Stream exergoeconomic diagram of a solar heat pump system
Table 3. Exergoeconomic factor
System Z capital costs, BUTO Per year | Zoperating costs, UTO per year f
1 4035 734 140 0,01
2 5044 226 286 0,022
3 5044 288 000 0,017
4 42 020 556 353 0,07
5 73911 149 146 0,331
. replaced by the production of electricity outside the
Conclusion settlements, with less fuel consumption for generating

Thus, the use of heat pump units in centralized and
individual heating systems is extremely important.
The use of heat pumps for individual heat supply has
the following advantages:

- heat pumps are individual heat supply units with the
exception of extended heating networks;

- decrease in the volume of natural primary fuel
consumed for heat supply by approximately 1.5 +2
times [15+20];

-improvement of the ecological situation in settlements,
since the combustion of fuel in urban boiler houses is

electricity than when using boilers;

According to the results of the economic analysis, it is
founded that system 1 has the least value of the
economic factor. Systems 2 and 3 differ slightly from
one another, system 4 is approximately 3.5 times more
efficient than systems 2 and 3. System 5 - heat pump is
optimal, since its efficiency is 12+15 times higher than
the efficiency of systems considered as alternatives to
it. Based on the eksergoeconomic analysis, we
conclude that with the adopted thermodynamic and
economic models of systems 1-5, the heat pump + solar
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collector system turns out to be more efficient than
others.
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