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ABSTRACT: Today phase-out of ozone-depleting refrigerants and the improvement of waste heat recovery
are the main issues of the supermarket refrigeration industry. The negative impact of refrigerant leakages on
global warming and ozone depletion has stimulated the development of new supermarket refrigeration systems
requiring less quantities of refrigerant. The advanced system presented in this paper involves secondary fluid
loops on both refrigerating and condensing sides, and heat recovery with brine-to-air heat pumps and passive
heat exchangers. This integrated concept has a considerable potential to reduce combined refrigeration and
HVAC energy use in supermarkets multiplex refrigeration systems with more conventional heat recovery
approaches. It also may reduce up to 70% of the quantity of required. energy consumption of 1,000
kWh/m2/yr. Conventional multiplex refrigeration systems account for about 50% of this energy consumption
and require large refrigerant charges: 1000 to 2500 kg (2,200 to 5,500 lb) of HCFC or HFC per store.
Hundreds of meters of piping, and many valves and brazed joints provide 15% to 30% of refrigerant annual
losses. Most of these systems recover by desuper heating between 30% and 40% of compressors’ total heat
rejection. In the Canadian cold climate, this amount of energy is not sufficient to completely eliminate the use
of fossil fuels (natural gas, propane) for space and hot water heating. Environmental issues have stimulated the
development of new supermarket refrigeration systems that require less quantities of refrigerant.1 among
these systems, decentralized compressors and completely.
Keywords- supermarket refrigeration, energy, compressor racks.
I. INTRODUCTION
Supermarkets are one of the [3] most energy-intensive
types of commercial buildings. Significant electrical
energy is used to maintain chilled and frozen food in
both product display cases and walk-in storage coolers.
Supermarkets [11] have a wide range of sizes. In North
America, store sizes vary from roughly 2,000 to 11,000
square meters. A typical supermarket consumes roughly
2 million kWh annually, and roughly half is for
refrigeration [1]. Thus, improvement in energy
efficiency of supermarket refrigeration will affect the
store’s bottom line of profit margin. The most
commonly used refrigeration system for supermarkets
today is the parallel rack direct expansion system using
a HFC refrigerant such as R404A. a typical parallel rack
system. Multiple compressors operating at the same
saturated suction temperature (SST) are mounted on a
skid, or rack, and are piped with common suction and
discharge refrigeration lines. Using multiple

compressors in parallel provides a means [17] of
capacity control, since compressors can be turned on and
off to meet refrigeration load. All display cases and cold
store rooms use direct expansion (DX) air-refrigerant
evaporator [18] coils that are connected to compressor
racks in a remote machine room typically located in the
back or on the roof of the store. Heat rejection is usually
done with air-cooled condensers because these are least
costly to install and maintain. A typical supermarket
requires 1400 to 2300 kg of refrigerant. In response to
the environmental concern of global warming, efforts
have been made in supermarket refrigeration industry to
design or develop refrigeration systems that operate with
less refrigerant charge and energy consumption. The
“advanced” systems that have been used or developed
and have much less refrigerant charge than the parallel
rack system include the distributed, [16] self-contained,
glycol secondary loop, and CO2 [15] secondary
loop/cascade system, etc.
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The distributed refrigeration system is similar to the
parallel rack, and the difference is that several small
compressor racks are located in cabinets that are
distributed throughout the [14] store and close-coupled
to the display case lineups or storage rooms they serve.
With this approach, both the machine [2] room and the
long lengths of piping needed to connect the cases with
large remote compressor racks are eliminated. The
advanced self-contained system [19] consists of display
cases or storage coolers each having their own
compressor and water-cooled condenser with warm
water pumped to the rooftop fluid cooler for heat
rejection. The self-contained system has advantages in
extremely low refrigerant change (one tenth of rack
systems), [12] easy and low-cost installation, and
flexibility in time to order and remodeling. However,
the self-contained system has some inherent
disadvantages including high Equipment cost and[10]
low efficiency due to heat transfer penalty of watercooled condensing. A single-phase[8] secondary loop
system employs one or more chillers to refrigerate a
secondary fluid (generally glycol/water

The compressor pumps this gas from the evaporator
through the accumulator increases its pressure, and
discharges the high-pressure gas to the condenser [23]
The accumulator is designed to protect the compressor by
preventing slugs of liquid refrigerant from passing
directly into the compressor. An accumulator should be
included on all systems subjected to varying load
conditions or frequent compressor cycling. In the
condenser, heat is removed from the gas, which then
condenses and becomes a high-pressure liquid. In some
systems, this high-pressure liquid drains from the
condenser into a liquid storage or receiver tank On other
systems, both the receiver and the liquid line valve are
omitted. A [24] heat exchanger between the liquid line
and the suction line is also an optional item, which may
or may not be included in a given system design.
Between the condenser and the evaporator an expansion
device is located. Immediately preceding this device is a
liquid line strainer/drier which prevents plugging of the
valve or tube by retaining scale, dirt, and moisture. The
flow of refrigerant into the evaporator is controlled by
the pressure differential across the expansion device or,
in the case of a thermal expansion valve, by the degree of
superheat of the suction gas. [9] Thus, the thermal
expansion valve shown requires a sensor bulb

Fig. 1. Refrigeration system.
Mechanical [7] refrigeration is accomplished by
continuously circulating, evaporating, and condensing a
fixed supply of refrigerant in a closed system.
Evaporation occurs at a low temperature and low
pressure while condensation occurs at a high
temperature and high pressure. Thus, it is possible to
transfer heat from an area of low temperature (i.e.,
refrigerator cabinet) to an area of high temperature (i.e.,
kitchen).Referring to the illustration below, [4]
beginning the cycle at the evaporator inlet the lowpressure liquid expands, absorbs heat, and evaporates,
changing to a low-pressure gas at the evaporator outlet

Fig. 2. Basic refrigeration cycle.
Located at the evaporator outlet. In any case, the flow of
refrigerant into the evaporator normally increases as the
evaporator load increases.
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As the high-pressure [6] liquid refrigerant enters the
evaporator, it is subjected to a much lower pressure due
to the suction of the compressor and the pressure drop
across the expansion device. Thus, the refrigerant tends
to expand and evaporate. In order to evaporate, the
liquid must absorb [5] heat [3] from the air passing over
the evaporator. Eventually, [22] the desired air
temperature is reached and the thermostat or cold
control will break the electrical circuit to the compressor
motor and stop the compressor. As the temperature of
the air through the evaporator rises, the thermostat or
cold control remakes the electrical circuit. The
compressor starts, and the cycle continues. In addition
to the accumulator, a compressor crankcase heater is
included on many systems [21]. This heater prevents
accumulation of refrigerant in the compressor crankcase
during the non-operating periods and prevents liquid
slugging or oil pump out on startup. Additional
protection to the compressor and system is afforded by a
high- and low-pressure cutout [20] This control is set to
stop the compressor in the event that the system
pressures rise above or fall below the design operating
range.
II. METHODS AND APPLICATIONS OF HEAT
RECOVERY
Supermarket refrigeration system direct expansion
system type, in which direct expansion evaporator coils
are located within the refrigerated display cases and
walk-in coolers and freezers, and the compressors and
condensers are located in a machine room at the back of
the store or on the roof of the store. Supply and return
piping delivers refrigerant to and from the evaporators
in the display cases and walk-in coolers/freezers. As
shown in Figure 2, in a basic direct expansion (DX)
refrigeration [25] system, a heat recovery heat
exchanger (HRC) can be used to transfer heat from the
compressor discharge gas to either the retail space or to
process water. The heat to be extracted from the high
pressure, high temperature discharge gas consists of
both superheat and condensing heat. Any excess heat
that is not recovered is rejected to the outdoor ambient
via an air-cooled condenser. The escalating cost of
energy has drawn much more attention on improving
the energy efficiency of supermarket operations. In a
supermarket, refrigeration systems consume a large
amount of energy in maintaining chilled and frozen
food, meanwhile [29] a HVAC (heating, ventilating, and
air-conditioning) system is used to assure thermal
comfort for occupants and suitable climatic conditions
for refrigerated cases.
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Fig. 3. Supermarket refrigeration system with heat
recovery.

Fig. 4. Liquid line system diagram.
More specifically, the supermarket refrigeration system
has normally two temperature levels medium temperature
for preservation of fresh food and low temperature for
frozen products.
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Fresh food is maintained between 1 8C and 14 8C,
while frozen food is kept at _12 8C and _18 8C. The
evaporating temperature of medium-temperature system
varies between _15 8C and 58C, while for a lowtemperature system it ranges from _30 8C to _40 8C [1].
Due to such a low evaporating temperature, the COPs of
low- and medium-temperature systems are quite low.
The typical values are 1 and 2, respectively. The
supermarket HVAC system includes an air-cooled or
water-cooled chiller/heat hump, cooling tower, pumps
and air handling units. The chilled water supply
temperature is around 6.7 8C in cooling season and the
heated water supply temperature is 45 8C in heating
season. The evaporating temperature of chiller system is
between 0 8C and 6 8C. The typical COP of the entire
HVAC system is around 3–4.5. For saving energy in
supermarkets, energy efficient design and optimal
control of HVAC and refrigeration systems are two
major means. Energy efficient design includes using
evaporative condensing to minimize system power
requirements [2], application of heat recovery and
floating condensing [3], mechanical sub cooling [4–6]
for low-temperature system and so on. Mechanical sub
coolers are heat exchangers that use refrigeration effect
from the medium-temperature system to provide sub
cooling for the low-temperature system, which is more
efficiency [26] since the medium-temperature system
has a higher COP than the low temperature system.
Optimal control of HVAC and refrigeration systems can
be implemented by using variable speed drives on
compressors, pumps, fans with an optimized control
system instead of on/off operation [7–9] or developing
an efficient control strategy for refrigeration system
itself [10]. Another increasing interest [27] of researches
is the integration of supermarket HVAC and
refrigeration systems. For instance, the refrigerated
cases are better operating with low ambient relative
humidity (40–45%). The dehumidification is
traditionally carried out with HVAC system by oversizing the coil and re-heating the treated air, which
might not be energy efficient. To offset the
disadvantages, hybrid HVAC system with chemical
dehumidification was studied recently [11,12].
Moreover, the heat rejection from refrigeration systems
can be recovered to warm the store’s ventilation air and
heat the domestic water supply by employing the watersource heat pump and the integrated system can take
advantage of climatic conditions by modulating
temperature and condensation pressure to match the
building’s Frost forms on evaporator coils by the water
vapour in the air condensing and freezing when the
surface temperature of the coil falls below 0°C. A small
amount [28] of frost may improve the heat transfer
performance of the coil by increasing the surface area
and surface roughness which induces increased
turbulence [29]
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However, significant frost accumulation deteriorates the
coil performance by reducing the air flow and thereby the
refrigerating capacity of the evaporator. Maintaining the
store humidity at low levels, and using air curtains to
prevent penetration of humid store air into the display
cases, reduces the rate of frost formation on display case
evaporators to some extent, but does not eliminate it
completely due to the disturbance of the air curtain by
shoppers and staff loading up the display case.
Consequently, frosting is a major problem in retail
refrigeration systems and evaporators need to be actively
defrosted periodically to maintain system performance
and temperature control in the display cases. The most
commonly used defrost methods in display cases are hot
or cool gas defrost and electric defrost. In electric defrost,
the thermal energy to melt the ice is provided by an
electric strip heater which is situated across the face of
the coil. During defrost the refrigerant supply to the
display case is switched off, the electric heater is
switched on, and the evaporator fans blow air which is
heated by the strip heater through the coil, [32] melting
the ice from the coil surface. This method of defrost can
be implemented on both conventional, single compressor
refrigeration systems, and multiplex refrigeration systems
which are now widely used in large retail stores. These
consist of three or four compressors connected in
parallel, providing flexibility [31]in system capacity
control and maintenance. Accurate determination of the
energy consumption during the defrost cycle would
require comprehensive instrumentation to measure the
power consumption of the refrigeration packs during
defrost. Although it will be useful to carry out such an
exercise, this is beyond the scope of the present paper.
[33] It is interesting, however, to make an estimate of the
energy consumed during defrost and this can be based on
the following assumptions The refrigerant (R22) flow
rate was measured using a Coriol is mass flow meter.
Temperatures and pressures of the refrigerant were
measured at five points in the system using
thermocouples and pressure transducers. The power
consumption of the compressors was recorded using a
power transducer. The display cabinet and the coil were
fitted with thermocouples on the surface. The operation
of the system was controlled by a standard Supermarket
controller board. For example, an individual compressor
can be rated by comparing the energy needed to run the
compressor versus the expected refrigeration capacity
based on inlet volume flow rate. [30] It is important to
note that both CoP and PF for a refrigeration system are
only defined at specific operating conditions, including
temperatures and thermal loads. Moving away from the
specified operating conditions can dramatically change a
system's performance.
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Fig. 6. Effect of generator inlet temperature on cooling
capacity and COP.

Fig. 5. Temperature–Entropy diagram.
A refrigeration system's coefficient of performance
(CoP) is very important in determining a system's
overall efficiency. It is defined as refrigeration capacity
in kW divided by the energy input in kW. While CoP is
a very simple measure of performance, it is typically not
used for industrial refrigeration in North America.
Owners and manufacturers of these systems typically
use performance factor (PF). A system's PF is defined as
a system's energy input in horsepower divided by its
refrigeration capacity in TR. Both CoP and PF can be
applied to either the entire system or to system
components.
III. RESULTS
Simulation results are presented here for the
performance of the cooling system. The effect of the
variation of the inlet generator heating water
temperature is shown in The cooling capacity varies
approximately linearly starting from a low value of 0.47
kW up to 16 kW. The COP rises from a low value of
0.82 to reach a constant value of 0.94. The cooling
capacity increases as the inlet generator temperature
increases. The COP of the system increases slightly
when the heat source temperature increases.

Fig. 7. Effect of generator inlet temperature on
evaporator, absorber, condenser and generator heat
transfer rates.
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Fig. 8. Effect of generator inlet temperature on
generator, evaporator and condensertemperatures.
IV. CONCLUSIONS
A supermarket refrigeration system which is performed
on a timed basis consumes excess electrical energy.
Defrosting of display cases also disturbs the temperature
control of the case resulting in temperatures which
exceed the design temperature over a significant time
period. The energy consumption during the defrost
process can be reduced using more advanced defrost
initiation and termination techniques based on demand
rather than timed defrost. Although a number of
different demand defrost strategies have been proposed
in the past, none has found wide acceptance in the food
retail refrigeration industry due to poor reliability and
high capital cost.
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