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Abstract: The field data from an integrated CO, refrigeration system installed in a supermarket
located north of the capital of Lisbon was analyzed. The goal was to demonstrate the effect and per-
formance of multi-ejectors on a refrigeration system operating in a warm climate. The measurement
results for the system with and without activating ejectors were compared. It was observed that
the system with a multi-ejector operation had considerable performance superiority. The ejectors
improved the cooling capacity of the medium temperature stage of the system by 17.4%. The system
with active ejectors had 7.5% less total power consumption compared to the ejector off mode of the

same system.
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1. Introduction

There are variations in the enhancements expedient to improve the energy efficiency of
transcritical CO, (carbon dioxide) refrigeration systems in food retail stores, particularly for
those located in warm and tropical regions. A rising number of such installations are being
built [1,2], and scientific investigations support the knowledge transfer [3,4]. According to
a report published by Shecco [2], exponential growth has been observed in the number
of transcritical CO, refrigeration installations between 2008 and 2018, and today, the total
number of these installations is around 35,500 across the world. The majority of these
systems are commercial supermarket applications, i.e., 29,000 installations [2].

The basic transcritical CO, system, booster refrigeration system, BRS, (1st generation),
is a reliable “CO;, only” solution for the large-scale refrigeration systems applied in moder-
ate climates [5]. After scientific efforts, the 1st generation system has been advanced by
adding parallel compression (2nd generation) and then further improved by implementing
a multi-ejector (ME) (3rd generation).

There has been a scientific effort to enhance the energy performance of CO; BRS to
the present time. Several studies have been performed to investigate the effect of different
solutions, such as flooded (overfed) evaporators (FE), parallel compression, and mechanical
subcooling on the improved CO; refrigeration systems, by comparing them with CO,
BRS and conventional systems based on synthetic refrigerants [6-8]. The studies have
also focused on fully integrated (all-in-one) CO, systems. To meet the multiple demands
in terms of heating, cooling, and air-conditioning (AC) simultaneously in supermarkets,
those systems that have promising energy performances and environmental benefits are
becoming popular [3]. Depending on the needs and applications, the CO; refrigeration
system can be designed to meet only space heating (SH), only domestic hot water (DHW),
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air conditioning, or all of them, along with the baseline demand for refrigeration for chilled
and frozen products [9-13].

Since 2014, the installation of transcritical CO, refrigeration systems for retail food
applications has gained momentum (2885 units in Europe in 2013 to more than 29,000 units
in 2020 [14]). One of the paramount reasons for this development was the introduction of the
advanced ME system [15], which enables and supports the integration of energy-efficient
solutions, such as thermal storage, expansion work recovery due to two-phase ejectors, and
FE, and extends the operation of the parallel compressors [3]. Karampour and Sawalha
(2017) [16] investigated a CO, BRS integrated with SH, DHW, and AC systems utilized
in a supermarket in Sweden. With reference to field measurement data, the operating
parameters were defined; then, the integrated energy system concept was modeled and
compared to stand-alone energy systems in three different climate zones. They found
that a fully integrated CO, BRS is suitable for cold climates. They also recommended
the implementation of FE, ME, mechanical subcooling, and gas cooler (GC) evaporative
cooling for units operating in hot climates [16]. Gullo et al. (2017) [17] theoretically
examined state-of-the-art pure CO, refrigeration plants installed in food retail stores in
different European climates. The results of their examination showed that the ME concept
eliminates the energy efficiency limit of transcritical CO, refrigeration systems in high
ambient temperature climates. Additionally, energy savings of between 17.9-33.6% and
19.9-24.6% in mild and warm climates, respectively, can be achieved using MEs [17].
Singh et al. (2020) [18] evaluated a CO, refrigeration system with a novel ME design (the
ejectors in series configuration) with a cooling capacity of 33 kW installed in a test facility,
simulating the demands of a supermarket in India. They analyzed the effect of an internal
heat exchanger (IHX) and FE on the proposed system and compared its performance
with the five supermarket applications in Sweden. The results revealed that (1) with IHX,
a 7.2% increase in COP was achieved in comparison with the system without IHX (2) with
FE, and a decrease of 6.2% was achieved in power input ratio (3). Although the proposed
system (with ME and Fe) was located in a region with higher outdoor temperatures, it
has equal COP levels with the three of the systems established in Sweden [18]. In one
of the theoretical studies by Gullo et al. (2017b) [19], the energy consumption of a CO,
refrigerant system with ME was compared with a R404A-based system and several CO, BRS
configurations employed in Southern Europe. The results indicated that the CO, system
equipped with ME, PC, and FE (for both low-temperature, LT, and medium-temperature,
MT, stages) for warm climate regions decreases the annual energy consumption by 25%
compared to the R404A-based system. Pardifias et al. (2018) [20] introduced innovative
features to integrated transcritical CO, systems. They numerically modeled an integrated
system that included both parallel compression and MEs for responding to refrigeration
and AC demands. The numerical findings revealed that (1) adding parallel compression to
the BRS leads to a 19% decrease in power consumption at an ambient temperature of 30 °C
(2) employing MEs leads to up to an 8% additional reduction in power consumption [20].

In this study, in the context of the MultiPACK Project (MultiPACK Project has been
funded by the European Union’s Horizon 2020 research and innovation programme under grant
agreement No 723137.), the analysis has been made for the field data collected in the summer
(from July 2020 to August 2020) from one of the demonstration installations employed in
a supermarket in Portugal. The MultiPACK Project lasted for 5 years, from 2016 to 2021.
The target was the development and demonstration of the next generation of standardized
integrated cooling and heating packages for commercial and public buildings based on
environment-friendly CO, vapor compression cycles. To achieve this target, in total, five
demonstration sites (three for supermarkets and the rest for hotels) were established in
Italy and Portugal [21-23].

The integrated CO, system installed in Portugal is one of the first applications with ME,
and it was designed not only to fulfil the refrigeration needs but also to deliver the entire air
conditioning (AC), SH, and DHW. The installation is an integrated CO, system with BRS,
parallel compression, and ME operation functionalities [21]. This study demonstrates the
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effect of multi-ejectors on the CO, system performance based on real data collected from
this unit. The other objectives of the current study are {1} to comprehend the root causes
of power consumption, and {2} to present the change in electrical power consumption
over time.

2. Materials and Methods

The supermarket where the system is installed has a total area of 2400 m?. The installed
electrical power of the system is 177 kW. The total capacity needs for each demand are
listed in Table 1.

Table 1. Installed capacities for the supermarket.

Operating Capacit

Demand Temperature Pactty  Remark for the Demand

o (kW)

“O)
LT cooling —-30 24 Freezers, freezing rooms, and an ice machine
MT cooling —4 100 Cold rooms, open and closed cooling cabinets
AC cooling 10 180 For space cooling
AC heating 30 160 For space heating

2.1. System Setup and Description

Despite being fully integrated, for the purpose of this work, the system performance
is addressed only considering AC demand; owing to this, the layouts for heat pump
mode, SH, and DHW are not covered in detail in the following sections; however, they
are described in [21]. The system is based on a booster system with parallel compression,
where the HPE can unload the parallel and MT compressors. Further, the application of the
LE enables the lift of the MT evaporation temperature and flooded MT evaporators. Two
operation modes will be investigated in particular:

EJ-On mode: Both ejectors are in operation for LT and MT cooling demand.
EJ-Off mode: The system operates in LT and MT cooling mode; however, the ejectors
are not in operation.

The schematic diagram of the system for these modes is shown in Figure 1 (depicted
with a colorful line).

The system can meet AC demand by direct evaporation in the air handling units
(AHUs) units. Due to the summer season and warm ambient temperatures, AC is applied
to meet the temperature set-point inside the shop (Figure 2). Moreover, compressor racks
and AHU units are shown only with a single symbol.

The system consists of the LT compressor rack (three semi-hermetic compressors), the
MT compressor rack (four semi-hermetic compressors), and the parallel compressor (PC)
rack (four semi-hermetic compressors) for AC; a gas cooler (GC); MEs; liquid receiver, MT
suction line accumulator; LT and MT evaporators, expansion valves (EVs), oil recovery
system, and two rooftop AHUs.

For each compressor rack, one compressor is equipped with an inverter to allow
smoother capacity modulation. The PCs are organized in such a way that they can manage
different suction pressures according to heat pump functionality and/or PC. The ME blocks
were sized for vapor pre-compression (HPE) according to the climate profile of the region
and liquid return (LE) in the case of liquid leaving the MT evaporators.
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Figure 1. Simplified schematic diagram of the system: (a) EJ-Off mode/ordinary parallel compression
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Figure 2. Simplified schematic diagram of the system: AHU cooling (the simultaneous operation of
LT, MT, and ACQ).

The AHU comprises two identical rooftop units. These units deliver the entire heating
and cooling capacity of the supermarket. CO; is directly applied inside the heating and
cooling coils of the AHUs. SH demand can be covered seamlessly by means of a 3-way
valve allowing high pressure CO, gas supply to the heating coils in the AHU. An increasing
high pressure and separate heat pump functionality can be utilized to cover high heating
demands. In summertime, the AHU’s cooling coils can be operated in two different ways:
the first alternative is the DX downstream of the GC, i.e., the refrigerant expands from
the high-pressure side directly into the coils where it is evaporated and enters the liquid
receiver. The second alternative is using a low-pressure lift high entrainment ratio ejector
(AC ejector). The AC ejector sucks the whole vapor of the AC evaporators to compress
it to the receiver pressure level. The first alternative was in operation during the time
period analyzed in this study; thus, the effect of AC ejectors will not be mentioned in the
following sections.

High-pressure lift and liquid ejectors are applied to return both vapor and liquid from
the suction line accumulator to the liquid receiver.

To assess the effect of the ejectors, at first, the ejectors were not activated (EJ-Off mode)
to collect field measurement data for the benchmark performance. The cycle configuration
and flow directions are displayed in Figure la. The vapor is compressed by the MT
compressor rack before entering the GC. The cooled high-pressure CO, bypasses the
ejectors and expands through HPV to the liquid receiver pressure. In the liquid receiver, the
refrigerant is separated into the vapor and liquid phases. The liquid refrigerant is supplied
through the EVs upstream of the LT evaporator (freezing cabinets, freezing rooms, etc.) and
MT evaporators (cold rooms, open and closed cabinets, fresh meat, and fish cabinets). The
vapor downstream of the MT evaporators is collected in the suction line accumulator. The
vapor downstream of the LT evaporator is first superheated by a heat exchanger located
downstream of the liquid receiver before entering the LT compressor rack. The vapor is
compressed to the MT pressure level and mixed with the vapor coming from the suction
line accumulator before entering the MT compressor rack.
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In the EJ-On mode, the overall layout is similar to the EJ-Off mode’s; however, down-
stream of the GC, the refrigerant is expanded via the ejectors, i.e., expansion work recovery
is utilized. The ejectors transfer vapor and liquid from the suction line accumulator to the
liquid receiver (Figure 1b).

While meeting the demand on the LT and MT sides, the refrigeration system also fulfils
the demand for space cooling simultaneously. As illustrated in Figure 2, for the case of AC
demand, a part of the cold high-pressure gas downstream of the GC is expanded directly
into the evaporators inside the AHU. Downstream of the evaporators, the refrigerant enters
the liquid receiver, and the vapor is sucked by the PC rack.

COP has traditionally been used as an indicator of the efficiency of a dedicated refrig-
eration or heat pump system; it also enables comparison between various system designs.
Here, the unit we are analyzing is an integrated cooling (multiple evaporation temperature
levels) and heating (indoor heating and hot water) system with energy recovery compo-
nents. Accordingly, the use of the COP indicator is not as relevant. Energy consumption is
a factor that accounts for the overall effect on the system and allows for the comparison of
different weeks.

2.2. Measurements and Instrumentation

The system is equipped with measuring instruments for temperature, pressure, and
compressor input power measurements. NTC (negative temperature coefficient) 10 k()
sensors and piezoresistive pressure transmitters were used for temperature and pressure
measurements, respectively. To evaluate the total electric power input, three-phase electric
power meters are located before each compressor rack to measure the individual power
input to LT, MT, and PCs. The status of every compressor and the inverter frequency are
also acquired. The total power input to the system, including auxiliary components (fans,
pumps, valve motors, etc.), is monitored. The measuring instruments used in the system
are summarized in Table 2.

Table 2. The instruments for measurements (FS: full scale).

Measurement Instrument Precision/Accuracy
. - . +1% FS up to 60 bars
Pressure Piezoresistive pressure transmitters +4% FS up to 150 bars
+0.5°Cat25°C
Temperature NTC10k +1 °C between —40 °C and 90 °C
Power Three-phase electric power meters £0.5 % FS

3. Results and Discussion

The power consumption levels from the field were analyzed for two different modes:
both ejectors are on (EJ-On mode) or off (EJ-Off mode). Furthermore, the changes in system
performance related to the activities within a day were also considered. Figure 3 shows
the analyzed period for the two modes. The analysis was conducted in a period when the
outdoor temperatures for both modes were at the same level. During the given periods,
the variations in the outdoor temperatures within the day were between 15 and 31 °C. The
measurement data for EJ-On mode were collected for the period from 31 July to 2 August
2020, while from 5 August to 8 August 2020 for the system was operated without ejectors
(EJ-Off mode).
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Figure 3. The analyzed period for the two modes.

3.1. Power Consumption

The power consumptions for the EJ-On and EJ-Off modes are shown in Figures 4 and 5.
The total power consumption, as well as the PC rack’s power consumption, are presented
in Figure 4a,b, respectively. The power consumption of the MT and LT packs is shown in
Figure 5a,b.

*eEJ-On aEJ-Off =Linear (EJ-On) =Linear (EJ-Off)
80
70 A
60
50
40
30
20
10

Power consumption [KW]

15 20 25 30 35
Outdoor temperature [°C]

Power consumption [kKW7]
[Se)
i

35

Outdoor temperature [°C]

Figure 4. (a) The total power consumption, (b) the PC rack’s power consumption.
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Figure 5. (a) The power consumption of the MT pack, (b) the power consumption of the LT pack.

The total power consumption increases with the rising outdoor temperature for each
mode. This is triggered particularly by (1) an increase in the cooling load at LT and MT
side (refrigerators and open cabinets) due to the influence of the humidity and temperature
inside the shopping area and (2) mainly due to the increase in heat rejection temperature at
the GC, reducing the specific cooling capacity when expanding the refrigerant. The total
power consumption in the EJ-Off mode is higher compared to the E]-On mode. It is also
clearly seen in Figure 4a that the system with the ejectors performs well at all outdoor
temperatures. However, the PC rack’s power consumption is higher in the EJ-On mode
since the system has a higher workload in the EJ-On mode compared to the EJ-off mode.
When the ejectors are in operation, they unload the MT compressors by transferring CO,
from the MT suction level toward the PC suction level.

For the MT, in the EJ-On mode, the MT compressors consume less power compared
with the EJ-Off mode, as seen in Figure 5a. Additionally, in this figure, the ejectors’
positive effect on the system performance can plainly be seen; less power is consumed
at higher outdoor temperatures with the ejectors. In terms of the LT side (Figure 5b), the
power consumption at the two modes is almost identical. In the EJ-On mode, the power
consumption is higher than that of EJ-Off at an outdoor temperature of above 25 °C.

In Table 3, the average power consumption values and their total uncertainties in the
given operation periods are listed. The total uncertainties were calculated by considering
random (the standard deviation of the mean) and systematic (sensor uncertainty) uncer-
tainties [24]. The fundamental power consumers are MT and PC racks for both modes. The
share of MT compressor rack consumption is roughly 51% in the EJ-Off mode, whereas
it is just above 45% in the EJ-On mode. In other words, the HP ejector unloads the MT
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compressors. The power consumption share of PC racks is 35% and 40% at EJ-Off and
EJ-On, respectively. The rest of the components have a share of below 8%.

Table 3. Overview of average (energy demand three days/72 h) power consumption.

EJ-Off EJ-On

Components Power . Share Power . Share

Consumption (%) Consumption (%)

(kW) ’ (kW) ’

Total 325+0.7 100 30.14+0.7 100
GC fan 23+01 7.0 1.8£0.1 59
PC rack 114 £03 35.2 123+ 0.3 40.8
MT compressor rack 16.6 £ 0.2 50.9 13.7 £ 0.2 454
LT compressor rack 22+0.1 6.9 24+£01 79

The main contributors for a reduction of the total power consumption at similar
cooling demands are the MT compressor rack in the EJ-On mode. The average power
consumption for the MT compressor rack in the EJ-On mode is 17.4% less than that in the
EJ-Off mode. The power demand for the PC rack increased as the ejectors unloaded the MT
compressors. However, the total average power consumption in the EJ-On mode was 7.5%
lower compared to the EJ-Off mode at similar load and ambient temperatures (between
15 and 31 °C).

As shown in Figure 6, the key factor for the lower power consumption of the MT
compressor rack in the EJ-On mode is its higher evaporating temperature level, on average
by 1.7 K, compared to the EJ-Off mode. It is worth mentioning that the MT side evaporating
temperature at E]-On mode has a slight decrease over increasing outdoor temperature.
This is due to the control of evaporating pressure to maintain the cabinet temperature. On

the contrary, there is a more apparent decline in the MT side evaporating temperature of
the EJ-Off mode.

Outdoor temperature [°C]
15 20 25 30

W
(]

e cccccca.
- -

-10 MT-comp EJ-Off

-20

Evaporating temperature [°C]

LT-comp_EJ-Off LT-comp_EJ-On

/ (red dots) /

-30
Figure 6. Evaporating temperature of MT and LT evaporators.

In Table 4, the daily average power consumptions at above 25 °C are listed in detail.
According to the average three-day data, the total average power consumption in the EJ-On
mode was approximately 11% lower compared to the EJ-Off mode. The PC rack has the
highest share in energy demand; around half of the total average energy was consumed
in the EJ-Off mode and nearly 60% in the EJ-On mode. The power consumption for the
PC rack at EJ-On mode is 4.1% higher than that in the EJ-Off mode. However, the MT
compressor rack power consumption in the EJ-On mode is almost 30% lower in comparison
with the EJ-Off mode. The MT side evaporating temperature of the EJ-On mode is 2.3 K
higher than that of EJ-Off. In terms of GC fan and LT compressor rack power consumption,
their share in total consumption is under 10% at both modes. LT compressor rack power
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consumption is almost identical for both modes, but the GC fan’s power consumption at
EJ-On mode is nearly 30% less compared to the EJ-Off mode.

Table 4. Daily average power consumption levels above 25 °C outdoor temperature (Uncertainties:
For total = +0.7; GC fan = £0.1, PC rack = £0.3; MT compressor rack = £0.2 and LT compressor
rack = £0.1).

Components EJ-Off EJ-On
Dayl Day2 Day3 Avg Dayl Day2 Day3 Avg
kW kW kW kW kW kW kW kW
Total 53.2 52.3 55.5 53.6 50.0 46.0 475 479
GC fan 2.7 2.2 2.5 2.5 2.1 1.9 1.2 1.7
PC rack 25.7 25.6 28.2 26.5 29.3 25.9 275 27.6
MT compressor rack 22.5 22.2 22.5 22.4 16.1 15.7 16.5 16.1
LT compressor rack 24 2.3 2.2 2.3 2.5 2.4 2.4 2.4

3.2. P-h Diagrams

A P-h (pressure-specific enthalpy) diagram allows insight into how a refrigeration
system works and its working conditions. The P-h diagrams based on average measure-
ments for the systems are shown in Figures 7-9 for above a 25 °C outdoor temperature (on
average 29.0 £ 1 °C). The calculations were made by means of REFROP-NIST Reference
Fluid Properties (DLL version 10.0), and the cycles were created via DaVE (TLK-Thermo
GmbH, Version 1.7.0).

100
3 MT compressor
GC exit exit temperature
90- temperature => 88.4°C
30.2°C
6 5
80 n 12 [\4
70-
— 60
<
=
2 so
=
]
[
& 40- ® e

7 \
30-
9 3 2
20-

100 150 200 250 300 350 400 450 500 550
Specific Enthalpy [kJ/kg]

Figure 7. P-h diagram for EJ-Off. 1-2: compression at LT compressors, 3—4: compression at MT
compressors, 4-5: heat removal through GC, 5-6 subcooling, 6-7 expansion to IT pressure, 7-8 liquid
refrigerant from the receiver to evaporators, 8-9: expansion to MT pressure, 8-10: expansion to LT
pressure; 9-3: evaporation at MT evaporator, 10-1: evaporation at LT evaporator, 7-11 gas refrigerant
from the liquid receiver to PCs, 11-12: compression at parallel compressors.
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Figure 8. P-h diagram for EJ-On. 1-2: compression at LT compressors, 3—4: compression at MT com-
pressors, 4-5: heat removal through GC, 5-6 subcooling, 6-7 isentropic expansion to IT pressure via
HPE, 7-9 mixing in HPE, 10-9 vapour refrigerant from suction line accumulator to HPE nozzle inlet,
11-12 liquid refrigerant from the receiver to evaporators, 12-13: expansion to MT pressure, 12-14:
expansion to LT pressure; 13-3: evaporation at MT evaporator, 14-1: evaporation at LT evaporator,
11-15 vapour refrigerant from the liquid receiver to PCs, 15-16: compression at parallel compressors.

Figure 7 represents the working conditions for EJ-Off mode, while Figure 8 shows for
EJ-On mode. LT and IT side pressure of both modes are identical, 14.5 bar and 39.0 bar,
respectively. The GC pressures at EJ-Off and EJ-On mode are similar at 81.2 bar and 82.0 bar,
respectively. GC outlet temperatures for both modes are 30 = 1 °C, about 1K above ambient
temperature. Additionally, the MT compressor exit temperature at EJ-Off mode is 88.4 °C
and at EJ-On is 84 °C. In both modes, the temperature difference between the compressor
exits and the GC exits is above 50 °C. Excess heat is used to produce hot water for space
heating and domestic usage.

The lower power input of MT compressors at the EJ-On mode compared to the EJ-Off
mode is triggered by higher evaporating temperature and pressure, as presented in Figure 9.
The pressure difference between GC pressure and MT evaporating pressure for EJ-On (AP1)
is lower than that for EJ-Off (AP2). The MT pressure difference between the two modes
(AP) is approximately 2 bar. Although this pressure difference causes a slight increment
in the power input of LT compressors in the EJ-On mode, it significantly increases MT
compressors’ performance.
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Figure 9. Comparison of pressure levels of both modes (Dark green and red line represent EJ-On and
EJ-Off modes, respectively). Due to interference, the lines at LT and IT pressure for the EJ-Off mode
cannot be seen).

3.3. Daily Activity in the Supermarket

In Figures 10 and 11, two-day detailed data show the electrical power consumptions,
GC pressures, and outdoor temperatures over time for two modes.

The opening hours of the supermarket range from 8:00 to 22:00. As seen from the
figures, the power consumption is lower between 00:00 and 8:00 owing to lower outdoor
temperatures and no human activities in the shop. During this period of the day, the
total power consumption ranges between 10 kW and 30 kW. The main contributor to
consumption is the MT compressors, followed by the LT compressors. PCs are not in
operation. EJ-On mode has less power consumption than the EJ-Off mode within the same
period. Power consumption starts increasing just after the opening of the shop and reaches
a maximum value of up to 30 kW between 8:00 and 12:00.

There is a sharp rise in total power consumption at around 12:00 and then peaks
between 16:00 and 18:00. The driving factor of this peak is parallel compressors” activation
due to the high demand for space cooling with rising outdoor temperatures. In summer
operations, when the outdoor temperatures are higher, the heat needs to be removed
through GC. Therefore, GC pressure is also getting higher as the outdoor temperature
increases. The other factor for peak consumption is higher heating loads led by operational
conditions/human activities (according to the information collected from the supermarket
where the system is installed, the busiest time is between 16:00 and 18:00). The reason is
that there is an increase in door opening frequencies of the closed cabinets and a higher
warm air infiltration into the cooling and freezing cabinets within the shop. This causes
a higher compressor working time and therefore higher power consumption [25,26]. The
increment in LT and MT compressor power consumption is seen in Figures 10 and 11. It
is noteworthy to state that MT compressor average power consumption at E]-On mode
(17.6 kW) is less by roughly 23% than that of the EJ-Off mode (22.8 kW) during the busiest
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period. The total average power consumptions for EJ-On and EJ-Off modes are 53.9 kW and
61.7 kW, respectively, with approximately 13% difference, within the same period of time.
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Figure 10. The behavior of electrical power consumptions, GC pressure, and outdoor temperature

over time: EJ-Off.
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The power consumption starts decreasing thereafter 18:00 until midnight (00:00) and
approaches minimum consumption levels.

4. Conclusions

Well-informed and demanding shop owners interested in saving costs are choosing
integrated energy systems for their supermarkets across the world. When the system
layout is properly adopted, significant energy and cost savings can be obtained. Integrated
system layout in this respect means that the centralized refrigeration unit delivers the
entire freezing, cooling, and AC demand of the supermarket. Within the EU-funded project
MultiPACK, a series of demonstration supermarkets are developed and monitored across
Southern Europe.

In this work, one of the demonstration units in Portugal within the context of the
MultiPACK project was analyzed. The target of the study was to demonstrate the energy
demand of the CO; system (including AC) by comparing the two different cases (the
ejectors were on or off). A detailed analysis shows the different effects of ejectors in a real
supermarket operational environment.

The field data for similar three days at corresponding ambient conditions and cooling
demands showed that the total energy saving of the ejector system was 7.5% compared to
a parallel compression system. At equal or above 25 °C outdoor temperatures, the total
energy saving increases to up to 11%. The main contributors to this result are the load shift
from MT to the parallel compressors and higher evaporation temperature (around 1.7 K)
enabled due to ejector operation. The average energy savings for three consecutive days on
the MT side is 17.4% with ejector operations, while the savings are almost 30% at outdoor
temperatures equal to or greater than 25 °C.

The behavior of electrical power consumption, GC pressure, and outdoor temperature
within a day has also been analyzed. According to the detailed daily data, the power
consumption of the installed system peaks between 16:00 and 18:00. The driving factor of
this peak is the parallel compressors’ activation due to the high demand for space cooling
with the highest outdoor temperatures. The other factor for peak consumption in this
period is the high number of customers. It has been determined that, between 16:00 and
18:00, MT compressor average power consumption at EJ-On mode is 17.6 kW, which is
reduced by almost 23% compared to that of EJ-Off mode (22.8 kW). The total average power
consumption for EJ-On is 53.9 kW, which is approximately 13% lower compared to the
EJ-Off mode (61.7 kW), within the same period of time.
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Abbreviations

AC Air Conditioning

AHU  Air Handling Unit

BRS Booster Refrigeration System
DHW  Domestic Hot Water

DX Direct Expansion

EV Expansion Valve

FE Flooded Evaporator

FS Full Scale

HEX  Heat Exchanger

HFC  Hydrofluorocarbon

HFO  Non-Saturated Hydro Fluorocarbon
HP High-Pressure

HPE  High-Pressure Ejector

IT Intermediate Temperature
THX Internal Heat Exchanger

LE Liquid Ejector

LT Low Temperature

M Mass Flow Meters

ME Multi-Ejector

MT Medium Temperature

NTC  Negative Temperature Coefficient
PC Parallel Compressor

SH Space Heating
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