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doors for open refrigeration systems in Central Thailand supermarkets that open
during the daytime (06:00 am —06:00 pm), and are closed during the night-time (00:00
am — 6:00 am). The materials and methods used consisted of 15 open refrigeration
cabinets with 82 retrofitted doors supported by 41 frames, with the temperature set
at medium. The power consumption was indicated in kW, kWh through a power meter
data logger for analysis and summarization. The investment required was €21,694
/store, while the payback period of this research was determined to be at 14 months.
The cost of energy savings was found to be within a period of 1.1 years, at the rate of
192,220 kWh/year or €18,503 annually. The retrofitted doors is expected to reduce the
cooling load and over-burdening of the compressor. The research found that the most
viable solution was to use a digital semi-hermetic compressor that can operate in
unload and full load status, that was being controlled by the evaporator temperature
(TEV) which was set at -10 degree, the condenser temperature (TCD) set at 38 degrees,
and the superheat temperature (TSH) at 10 degrees. In the unload status, the power
consumption of the digital semi hermetic compressor will decrease by 50%, which has
a significant impact for energy savings and is important for night-time when low
cooling load is required whereby the compressor’s multiple start—stop cycles are not
required. The investment for a digital semi-hermetic compressor was determined to
be €7,800/store, and is able to yield energy savings of up to 26,890 kWh/year, or
€2,589 annually, with a payback period of 2.9 years.

1. Introduction

Energy use in Thailand's business sector is ranked second among overall energy users in the
country and is thus being targeted for energy-saving options [1]. The number of supermarkets in
Thailand is numbered to more than 1,500 locations in 2020, and this number continuously increases
annually [2]. The majority are open 18-24 hours a day, thus ranking the retail sector to be the fourth
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largest consumer of energy in the business sector, and consumes more energy than residences do
[3]. The components that contribute to supermarkets' energy consumption in Thailand, ranked from
the highest to the lowest, are: refrigeration systems, air-conditioning systems, electrical equipment,
and lighting [4,5]. However, proportions of energy use in the supermarkets in Thailand were
previously ranked [6]. The best options for reducing energy consumption in supermarkets in Thailand
are high energy efficiency and an efficient energy-management system. An excellent example of
energy savings in refrigeration systems that energy savings in refrigeration systems can be achieved
through decreased compressor power consumption, as this is the major component that utilizes the
most energy [7].

In the open showcase, the air curtain system can lower the cabinet's inside air temperature, as
shown in Figure 1 [8,9]. 70% of the airflow supply that originates from the air curtains is used to
maintain the temperature of the cabinet, while the remaining 30% airflow supply from the back-wall
panel is used for cooling of the products. The entire airflow supply is then continuously recycled back
towards the air grill. Several conditions also contribute towards affecting the air curtains, for
example, (i) blockages of the recycled airflow supply, (ii) customers picking up products, (iii)
temperature and humidity surrounding the sales area, (iv) wind forming in the air-conditioning return
and supply, and (v) staff storing products. All of these factors affect the performance of the
refrigerator and the compressor’s power consumption [10,11]. Refrigerators with doors can operate
and perform more efficiently than open refrigeration systems [12,13] as they are not affected by the
above-mentioned 5 conditions, as shown in Figure 2 below [14]. The comparison clearly indicates the
cabinet temperature simulation between open and closed refrigerators, whereby refrigerators with
doors being able to maintain a constant temperature more efficiently. In addition, it also indicates
that there is not much variation between the minimum and maximum temperature. This research
will present on how to improve on energy efficiency by retrofitting doors for open refrigerators in
central Thailand supermarkets. Thus, customers will be able to have access to quality products, while
at the same time, providing retail companies and suppliers with reliability.
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Fig. 1. Standard Workflow of an open and closed refrigeration system [8,9]
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Fig. 2. Comparison of cabinet temperature between (a) open and (b) closed refrlgeratlon systems [15]

2. Materials and Methods
2.1 Low-E Glass Door

The Low-E glass door for cabinets will reduce the compressor power consumption in order to
protect heating or cooling, as shown in Figure 3 below. The Low-E feature consists of a coating filler
that reduces transmission and absorption of infrared radiation [16,17]. The most common type of a
Low-E glass panel uses two or three panes of glass separated by a gap filled with gas in the refrigerator
[18,19]. The main objective is to reduce the transmission and absorption of infrared radiation [20].
This research used a two-layer Low-E glass with a gas gap for retrofits for open refrigeration systems,
as showed in the refrigerator. The percentage of transmission for Low-E glass at all layer types was
found to be lower than regular glass, as shown in Figure 4 below [21].
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Fig. 4. Transmittance of different Low-E filters [21]
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The 15 open refrigerators with retrofitted doors were outfitted with 82 doors supported by 41
frames, with the temperature set at medium. The cabinet was used for storing sausages, dairy, and
meat products, that evaporated at temperatures of -8, -8, -10 degrees Celsius, and a cabinet
temperature of (+2/+4), (+2/+4), (+0/+2) degrees Celsius respectively. The cabinet dimensions were
3,750 mm. (L) x 800 mm. (D) x 2,000 mm. (H) and 2,500 mm. (L) x 800mm. (D) x 2,000 mm. (H), and
consisted of 6 doors supported by 3 frames, and 4 doors supported by 2 frames, respectively. The
power consumption measurement is indicated in kW and kWh, by the power meter analysis for data
logger, and the summary of medium temperature refrigeration system. The sample images for the
retrofitted doors for the open refrigeration systems, are illustrated in Figure 5 and Figure 6.
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Fig. 5. Doors and refrigerator drawing
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2.2 Digital Semi-hermetic Compressor

The semi-hermetic compressor can operate both in unload and full load status, as shown in Figure
4 below. It is controlled by an evaporator temperature (TEV) set at -10 degree, a condenser
temperature (TCD) set at 38 degrees, and a superheat temperature (TSH) at 10 degrees. In unload
status, the power consumption for the digital semi-hermetic compressor was found to decrease by
50%, which had a significant impact towards energy saving and is important for night-time when low
cooling load is required and the compressor’s multiple start—stop cycles are not required [22-24].
Workflow of the digital semi-hermetic compressor is illustrated in Figure 7 and Figure 8, and the

fixed-speed compressor rack compressor and digital scroll are illustrated in Figure 9, Figure 10, and
Figure 11.

Loaded Unloaded

Gas enters compressors
passes through body passes through body
into valve plate Unloader mechanism blocks gas

Compressed gas before entering valve plate
exits compressor

Fig. 7. Workflow of the digital semi-hermetic compressor
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1 = Solenoid valve 2 = Cylinder head 1 = Solenoid valve 2 = Cylinder head
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Fig. 8. Operation of digital semi-hermetic compressor
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Fig. 11. Digital Compressor Rack with Distal
compressor and digital controller
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A power meter data logger and temperature data logger were used to measured power
consumption (W), voltage (V), current (I), power factor (PF), frequency (Hz), evaporator temperature
(TEV), condenser temperature (TCD), liquid temperature (TLQ), sub cool temperature (TSC), gas
temperature (TG), and superheat temperature (TSH) [25-27].

3. Results and Discussion
3.1 Energy Efficiency Improvement by Low-E Glass Door

The power consumption rate before and after retrofitting doors in Figure 12 and Figure 13, shows
power consumption during daytime operations (06:00 am — 06:00 pm), and when the supermarket
closes during the night-time (00:00 am — 06:00 am). Before retrofitting doors, the average power
consumption per 7-day period was 1,388 kWh/day, i.e., 997 kWh/day during daytime, and 391
kWh/day during night-time. After retrofitting, the average power consumption per 7-day period was
812 kWh/day, i.e., 579 kWh/day during daytime, and 233 kWh/day during night-time. The average
power consumption savings per 7-day period after retrofitting doors was 576 kWh/day, or 39.67%, a
daytime decrease of 418 kWh/day, or 41.93%, and a night-time decrease of 158 kWh/day, or 33.24%.
Energy consumption during the daytime was higher than during the night-time due to the following
factors; (i) opening hours of the store was longer than non-operating hours, (ii) during the night-time,
the refrigerator was closed with the use of plastic curtains, (iii) the request cooling load during the
daytime was more than during the night-time, and (iv) the sales area/ambient temperature during
the night-time was more than during the daytime, however, there was also a large contrast of the
humidity.
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Fig. 12. Average power consumption per day, before and after door retrofits

Before retrofitting doors, the average power consumption per 7-day period was 111.62 kW/day,
62.29 kW/day during daytime, and 49.33 kW/day during night-time. After retrofitting of the doors,
the average power consumption per 7-day period was 69.48 kW/day, 36.33 kW/day during daytime,
and 33.15 kW/day during night-time, as shown in Figure 8. The maximum and minimum power
consumption before retrofitting doors was 83.25 kW/hour and 44.73 kW/hour respectively, a
difference of 38.52 kW/hour, or 46.72%. The maximum and minimum power consumption after
retrofitting doors was found to be 33.15 kW/hour and 30.19 kW/hour respectively, a difference of
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2.96 kW/hour, or 8.93%. The difference in power consumption after retrofitting of the doors was
found to be less than before the retrofit. This is due to 1) the normal cooling capacity load was more
or less similar for both conditions, and 2) the cooling capacity may vary according to the product’s
temperature, surrounding area temperature and humidity, as well as, the effect of the customer’s
behavior towards selecting the products.
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Fig. 13. Average power consumption per hour, before and after retrofits

The investment for this research was €21,694, which was used to retrofit 82 doors with 41 frames,
with a payback period of 14 months. Within 1.1 year, the energy savings was determined to be 16,020
kWh/month (192,220 kWh/year), or €1,542/month (€18,504/year). The cost of energy savings per
frame and energy savings per door was 4,689 kWh/year, or €451/year, and 2,344 kWh/year or
€225/year, respectively.

3.2 Effects of the Refrigerator Door Retrofit

The refrigerator door retrofit has a direct affect in reducing the cooling capacity load, as well as,
operation of the compressor. The solution was to use a digital semi-hermetic compressor that can
operate in both unload and full load status, that was controlled setting the evaporator temperature
(TEV) at -10 degree, the condenser temperature (TCD) at 38 degrees, and the superheat temperature
(TSH) at 10 degrees. During the unload status, the power consumption of the digital semi-hermetic
compressor decreased by 50%, and is important for night-time when low cooling load is required
whereby the compressor’s multiple start—stop cycles are not required. The daytime and night-time
compressor’s fix speed status comparison of the digital semi-hermetic compressor, are illustrated in
Figure 14 and Figure 15.
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3.3 Energy Efficiency Improvement by Digital Steam Compressor

The fix speed semi-hermetic compressor will start its operation when the evaporator
temperature is higher than -10 degree, as shown in Figure 16 below, and will cut off when the
evaporator temperature goes below -10 degree. When the latter occurs (compressor cutting off at
the evaporator temperature that is lower than -10 degree), the compressor will operate at an
evaporator temperature until it reaches -20 degree where it will cut off immediately by a pump down,
due to its unnecessity and its impact of the energy wasted by the compressor.

120.0
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~— Condensing Temperatur [2C)

. Discharge Temperature [2C)

00 oLt fa Al st o et 2 T . . : ¥
gt il el s wnll e 1y ¥ ’ A A Super heat Temperatur (2C)

Liquid Temperature [2C)

Sub cool Temperaturs (2C)
2000

-20.0

Fig. 16. Analysis of the fix speed semi-hermetic compressor temperature

The digital semi-hermetic compressor will start to operate when the evaporator temperature is
higher than -10 degree, as shown in Figure 17 below, and will cut off when the evaporator
temperature is lower than -10 degree. However, when the compressor starts to operate at an
evaporator temperature that is lower than -10 degree, it will not cut off but will operate in an unload
status, whereby the energy consumption is only at 50% of its normal capacity as the motor is only
operating without the need of the compressor. The digital semi-hermetic compressor will operate at
full load again once the evaporator temperature reaches a level that is higher than -10 degree.
Comparison of the compressor’s digital and fix speed status are illustrated in Figure 16 and Figure 17.
The investment for a digital semi-hermetic compressor was determined to be €7,800/store, and is
able to yield energy savings of up to 26,890 kWh/year, or €2,589 annually, with a payback period of
2.9 years.
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Fig. 17. Analysis of the fix speed semi-hermetic compressor temperature

4. Conclusions

For further recommendations, the researchers should apply other types of door retrofitting

options for the open refrigeration systems, such as horizontal refrigerators and other door types. For
example, use sliding doors that will result in energy savings, and retrofitting doors to other open
refrigeration systems in convenience stores, which will be able to implement energy-saving options
for approximately 20,000 stores all over Thailand.
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