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Abstract Adsorption refrigeration systems are able to work with heat
sources of temperature starting with 50 ◦C. The aim of the article is to
determine whether in terms of technical and economic issues adsorption
refrigeration equipment can work as elements that produce cold using hot
water from the district heating network. For this purpose, examined was
the work of the adsorption air conditioning equipment cooperating with
drycooler, and the opportunities offered by the district heating network in
Warsaw during the summer. It turns out that the efficiency of the adsorp-
tion device from the economic perspective is not sufficient for production
of cold even during the transitional period. The main problem is not the
low temperature of the water supply, but the large difference between the
coefficients of performance, COPs, of adsorption device and a traditional
compressor air conditioning unit. When outside air temperature is 25 ◦C,
the COP of the compressor type reaches a value of 4.49, whereas that of the
adsorption device in the same conditions is 0.14. The ratio of the COPs is
32. At the same time ratio between the price of 1 kWh of electric power and
1 kWh of heat is only 2.85. Adsorption refrigeration equipment to be able
to compete with compressor devices, should feature COPads efficiency to be
greater than 1.52. At such a low driving temperature and even changing the
drycooler into the evaporative cooler it is not currently possible to achieve.
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Nomenclature

c – specific heat, J/kg K
COP – coefficient of performance

k – costs, PLN/kWh
ṁ – mass flow, kg/s
N – electric power, kW
Q̇ – heat capacity, kW
T – temperature, ◦C

Subscripts

ads – adsorption
c – compressor
C – cold
e – evaporating
el – electricity
h – heat
HS – heat source
in – inlet
out – outlet
p – constant pressure

1 Introduction

Due to legal restrictions associated with using traditional refrigerants, refrig-
eration and air-conditioning industry is looking for both new refrigerants,
and new technical solutions [1,2,10]. One such solution is the adsorption re-
frigerating, since the working fluid in them is mostly water or methanol [12].

Development of adsorption refrigeration devices is associated with an at-
tempt to use of waste heat [3,5,6,8]. In the first phase of their appearance
on the market, adsorption units compete primarily with the absorption de-
vices, but unfortunately their efficiency is lower than the absorption device.
In addition, the specificity of action (operation in cycles) meant that the
use of adsorption devices was very limited. Technological developments al-
low adsorption devices to operate at driving temperatures starting at 50 ◦C
[9]. This is the niche in which these devices can be successfully developed.
It should be recalled that absorption refrigeration systems require the heat
source was at a temperature above 90 ◦C. In recent years the development
of adsorption refrigeration is associated with solar energy and the use of
facilities in district heating networks.

In the case of solar energy it is a matter related to the so-called solar
cooling. Adsorption units are powered by solar collectors, producing cooling
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power mostly for air conditioning [4,16]. It is the ideal solution in terms of
matching resource supply and demand. The greater the intensity of solar
radiation, the greater the demand for air conditioning purposes. In Fig. 1.
was presented a schematic diagram of the use of adsorption refrigeration
device inside solar cooling system.

Figure 1: Adsorption solar cooling system.

There are three possible technical solutions for using adsorption refrigera-
tion devices in trigeneration systems [7]:

• decentralized system,

• centralized system with decentralized cold generation,

• centralized system.

In a decentralized system production of heat, cooling and electricity takes
place directly at the customer, and any surplus electricity is sold to the grid.
The centralized system with decentralized production of cold, works in this
way, that electricity and heat are generated at the power plant, and sorp-
tion devices utilize the heat from district network. The centralized system
for electricity, heat and cold are produced at the plant. Products such as
heating or cooling are supplied by pipelines to individual customers. Due
to the fact that, in a decentralized system and a centralized one, adsorption
device can be directly driven by combustion of fuel unrivaled better solu-
tion is to use the absorption unit. In the case of a centralized system with
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distributed production of cold only possible solution is the use of adsorption
devices. This is due to the fact that the greatest demand for cooling power
occures in the summer, and then in the district heating water is the lowest
temperature. The temperature drops to 72 ◦C.

2 Methodology

In the previous chapter it was mentioned that the only sensible use of ad-
sorption equipment in trigeneration systems is the use of this device, in
a centralized system with distributed production of cold. This solution has
several advantages:

• does not require building a system of pipes to distribute cold to cus-
tomers,

• compared with a distributed system does not need to supply fuel to
individual customers.

Technical and economic analysis of the proposed solution will be based on
determining how much cold can be generated based on heat from district
heating network. For this purpose are examined the adsorption refrigerat-
ing appliance as a function of the supply water temperature and outside air
temperature. A further order will be subject to economic analysis in com-
parison to a standard compressor air-conditioning. For the analysis will
be adopted water temperature in the district heating network as shown in
Fig. 2. These are the parameters of the district heating network in Warsaw
[13,15].

o

1

C

Figure 2: Temperature parameters in the district heating network in Warsaw.
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For the purposes of economic analysis there was used a compressor system
with refrigerant R410A operating with a nominal cooling capacity of Q̇e =
10 kW. The basic parameters of the compressor refrigeration units are:
evaporating temperature Te = 5 ◦C, superheating 9 K, subcooling 4 K and
isentropic efficiency of the compressor 66%. The main objective of economic
analysis is to determine which device produces the cold cheaper under the
same conditions [14].

2.1 Media prices

In accordance with current tariffs in Warsaw, the economic analysis will
be adopted with the following values. The price of 1 kWh of electricity
is 0.53 PLN, and the price of 1 kWh of heat from district heating network
amounts to 0.186 PLN (0.175 PLN per kWh – variable costs, 0.011 PLN per
kWh – fixed costs). Cost of heat was calculated for building with 0.5 MW
heat demand and current operator prices for tariff group A3B1C211 [17].

3 Experimental studies

Experimental research has been made on adsorption device with a nominal
cooling capacity of 10 kW. Electric power consumption by the circulation
pumps is up to N = 0.410 W. The device consists of three circuits. Supply
circuit, the cooling circuit, and circuit which rejects heat to environment.
Power circuit should be heated with district heating network. For the sake
of experiment the supply circuit is connected to the heating elements of
the regulated power 25 kW. The aim is to simulate district heating system
work by heaters. The parameters of the refrigeration cycle were set to
12 ◦C/7◦C – that is a standard in the water air conditioning systems, where
the water flows into chiller with a temperature of 12 ◦C and flows back at a
temperature of 7 ◦C [11]. Another circuit, is the circuit rejecting heat. The
water temperature in this circuit depends on the outdoor air temperature.
In Fig. 4 is presented a schematic of circuits cooperating with the adsorption
device in the experimental apparatus.

According to Fig. 2 the temperature in the periods in which air condi-
tioning is used, the supply water temperature in district heating network
is 72 ◦C. From that fact we can expect that driving temperature in heat
source circuits (Fig. 3) can be up to 65 ◦C. For such a temperature the ex-
perimental study was carried out. For such parameters have been relevant
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Figure 3: Experimental apparatus.

quantities and the measured values were obtained of rates of heat capacity
in every circuits according to the equation

Q̇ = cpṁ (Tout − Tin) , (1)

where Q̇ is the rate of heat in circuits, cp – specific heat of water, for differ-
ent temperatures, ṁ – mass flow of water, Tout and Tin are the measured
temperatures respectively at outlet and inlet to heat exchanger. Thermal
balance measurements were carried out in all three circuits. In order to
determine the instantaneous coefficient of performance COPads for the ad-
sorption device the formula was applied:

COP ads =
Q̇c

Q̇HS

, (2)

where Q̇c is the cooling rate of heat and Q̇HS is heat source. In Fig. 4 was
presented measured adsorption unit cooling capacity compared to the com-
pressor device for the variable outside air temperature. When the outdoor
air temperature increases to 30 ◦C, the adsorption device stops to work. In
Fig. 5 there was presented the calculated coefficient of performance COPads

according to Eq. (2), based on measurement of cooling rate of heat Q̇C and
heat source rate of heat Q̇HS.
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Figure 4: Cooling capacity for different device types.
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Figure 5: Coefficient of performance for adsorption refrigeration unit.

4 The costs of generation 1 kWh of cold

In the case of a compressor device the cost of production kc per 1 kWh of
cold is only electrical power needed to drive the compressor and the fan
of the condenser, whereas in the case of the adsorption device the cost of
production kads per 1 kWh cold is electric power consumed to drive the
circulation pumps, fans as well as it reflects the heat to the ambient air
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circulation and heat for driving the device. Figure 6 presents comparison of
the cost of production of 1 kWh of cold from the adsorption unit and a com-
pressor for various outdoor air temperatures. For the adsorption device was
calculated the total cost containing fixed and variable costs for contracted
heat power of 0.5 MW. In the entire operating range adsorption unit cost
of production of cold is from a few to several times greater than using a
compressor unit.
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Figure 6: Costs of generation 1 kWh of cold for different device types.

In Fig. 7 was presented the shares of electricity and heat in the balance
sheet total production cost of 1 kWh cold for the adsorption device.

Characteristics shown in Fig. 7 is due to the fact that the work of ad-
sorption device is periodic, which increases when outside air temperature
increases which subsequently changes the potential heat is released into the
environment, and thus prolongs the process of desorption and adsorption
occurring in adsorption beds. The consequence of this is smaller water flows
through all circuits. On the other hand, due to the fact that decreases the
coefficient of performance COPads increase the consumption of driving heat.

5 Conclusions

Adsorption units are able to utilize heat from the district heating network.
Coefficient of thermal efficiency may reach a value of more than 0.45 when
the outside air temperature drops below 15 ◦C. It is arguable whether at
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Figure 7: The share of heat and electricity in the cost structure.

these temperatures air conditioning in buildings is required. That could only
be justified in office buildings or data centers, where air conditioning systems
are an integral part. So from a technical point of view there is no problem
to drive the adsorption refrigerating utilising heat from the district heating
network. However, from an economic point of view production of 1 kWh
of cold at an outdoor temperature of +15 ◦C is 5.3 times more expensive,
and at an outdoor temperature of +25 ◦C is 11.4 times more expensive than
generating cold from the compressor unit. The use of evaporative coolers
rather than drycoolers certainly would positively affect the efficiency of the
device and economic balance, but even in this solution generation cooling
from compressor devices would be cheaper. Due to the price structure and
the efficiency of adsorption units adsorption devices should not be used
at the moment in combination with district heating network. However, in
other applications, where price of heat is lower, adsorption refrigeration
equipment can be successfully used.
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