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Keywords energy. Therefore, t iderated display cabinet must have high energy efficiency. Energy
Refrigerated display labeling was mad for refrigerated display cabinets launched in 2021 and energy
cabinet, labeling was clasSifie G. With this application, refrigerators are classified according

Energy label to their efficiency. The energy tion values of the compressor, evaporator fan, condenser
Energy efficiency esistor, and lighting that cause energy consumption in the refrigerator were

Remote monitoring j and an algorithm wa$ developed to keep these parameters under control. With this
Refrigerating systems 3

at may occur in the refrigerating system will be prevented. With this
od, which aims to check whether the refrigerated display cabinets' meet

remote monitoring method on energy efficiency has been revealed, and it was
ed that it can contribute to operational efficiency by reducing energy costs and carbon

sectors. These are systems designed to suit a specific application or industry need, such as industrial
refrigerating systems, food production facilities, cold room applications, air conditioning systems, and ice
production facilities.

Remote monitoring systems and energy performance monitoring are technological solutions developed to
increase the efficiency of refrigerating systems and optimize energy consumption. These systems are used
to improve energy efficiency, reduce costs by facilitating service and maintenance operations, enable
remote detection by monitoring the status of equipment, provide security control by providing instant
warnings/alarms with the data received, plan maintenance processes, ensure system security by providing
limited access to authorized personnel and minimize environmental impact.
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Main features of these systems:

e Sensor and Data Acquisition: In refrigerating systems, sensors continuously measure
temperature, pressure, flow rate, and other vital parameters. The data obtained by these sensors is
the basis for analyzing system performance.

e Data Transmission and Internet Connection: Data acquired for monitoring refrigerating systems
is usually transmitted remotely via an internet connection. This allows real-time monitoring of
system performance.

e Data Analysis and Reporting: The collected data is analyzed through specialized software or
platforms. These analyses are used to assess energy consumption, efficiency level, and potential
problems. It also provides regular information to users through reports.

e Remote Control and Automation: Remote monitoring systems often also offer jife possibility to

remotely to save energy and optimize system performance.

e Alarm and Warning Systems: Remote monitoring systems notify t
warnings of problems that may occur or have occurred due to the proc
the control algorithm. This way, problems can be detected quic ilures can be
prevented by intervening.

e Energy Efficiency: Based on the results of the analysj
recommend increasing system performance and i
recommendations include optimizing refrigerating s
equipment.

e Energy Analysis and Performance Monitoring:
parameters such as energy consumption, sy
determine the facility's energy use, identify p
opportunities, and monitor them when negessary.

fficiecy, andXiptime. These analyses help
ia[\ efficiency gains, evaluate savings

Literature studies were reviewed to show

e importance of remote monitoring systems in refrigerating
systems regarding energy efficiency, ser: i

nance, and total costs.

Katircioglu et al. [1] proposed a

pvel approach to
systems using infrared imaging i

early detection

itor surface temperature changes in refrigerating
potential failures. The study focused on four key

regions: maximum surface tempera inim@m surface temperature, average surface temperature, and
peak surface temperature ¥ g ea. The researchers analyzed the surface temperature data
using graphs and corre ure types. Examining failure modes based on surface change

proposed system distinguiS@as i from traditional fault detection methods relying on pressure,

i aseirements due to its user-friendly nature, capability for remote
measurements, a neoy® recording features. Janecke et al. [2] emphasized the economic and
environrgaptal be

ndary system faults. The study highlighted the versatility of this approach for both
transcritical refrigerating systems. Evaluation of the potential advantages of dynamic FDD
over static methods, through simulation and experimentation, revealed minimal benefits. The findings
indicated that dynamic FDD algorithms offered limited advantages, the increase in the number of sensors
was constrained, and associated costs would rise.

Taheri-Garavand et al. [3] introduced an innovative, intelligent system for fault diagnosis and condition
monitoring, employing infrared thermal images to categorize various states of the evaporator. The system
addresses six distinct evaporator faults, including clogging of evaporator tubes, clogging of evaporator fins,
loose connections between fins and tubes, evaporator cover failure, refrigerant leakage, and normal
conditions. The proposed methodology involves thermal image acquisition, image preprocessing, image
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processing, two-dimensional discrete wavelet transform (2D-DWT) application, feature extraction, feature
selection using genetic algorithms, and classification. Utilizing 2D-DWT, thermal images were
decomposed, and statistical texture features were extracted from the original photos, enhancing the
performance of a neural network classifier. Based on the feature selection process, the optimized neural
network topology was determined to be 16-6-6. Test results indicated the system's efficacy for intelligent
condition monitoring and fault diagnosis of evaporators. Wang et al. [4] explored fault detection techniques
to enhance energy efficiency in refrigerators. Their method aimed to develop a fault detection approach
with higher accuracies using a Bayesian network and principal component analysis. Principal component
analysis decomposed average data into central component and residual subspaces, providing an efficient
model for the Bayesian network. Evaluation of ASHRAE RP-1043 experimental data demonstrated
significant accuracy improvement, particularly at mild failure levels (up to 43%), such as cogtenser fouling.
Bogdanovska et al. [5] analyzed failures in condensing refrigerator units using RI and R404A

Lorenz curve identified crucial minor causes. Implementing technological pr
fault tree analysis related to valve mounting and the pipe-valve assembly pr

units were nearly halved.

Erdogmus et al. [6] highlighted the challenges of maintaining r
issues of delayed fault detection leading to increased time
circumstances contribute to elevated energy consumption an

temperature, and electricity consumption values and ¢o i with‘standard operating conditions.
Common failures in refrigerating systems, as ouglined in the encompass compressor, condenser,
evaporator, expansion valve, and fan failu along with thermal issues, phase protection relay
malfunctions, refrigerant charge discrepancies, cgnnection problems, electric motor failure, and surface

refrigerating cycle directly impact the réfri
was the necessity for traceable energy management

ystem management, alarm notification, and precise
management models and control systems for refrigerating
lligent troubleshooting processes for faults and equipment
industries. The impact of refrigerating temperature on engine
e authors proposed a novel method for monitoring state changes and

and intelli oubleshooting faults across various operational scenarios.

Aktas et al. [8] developed an intelligent fan management algorithm to mitigate pollution in the condenser.
The algorithm dynamically adjusts fan speed based on the refrigerant temperature at the condenser outlet,
concurrently determining the differential pressure on the air side of the condenser and the reverse running
time of the fan. According to the researchers, this advanced algorithm effectively controls condenser surface
contamination and fan energy consumption. Through the variable speed management of fans, the algorithm
maintained the subcooling temperature of the refrigerating system at 5°C, resulting in an increased
refrigerating capacity of 2075 W. This approach led to a noteworthy 3.55% enhancement in the system
Coefficient of Performance (COP) value. The outcomes underscore the efficacy of the intelligent fan
management algorithm in conserving energy and elevating the overall performance of the system.
Cavazzini et al. [9] highlighted the significance of optimized control and maintenance strategies to facilitate
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the energy transition in buildings relying on renewable energy sources. Real-time analysis of monitoring
systems within the heating and refrigerating hydraulic circuit enabled prompt detection of faults, issues,
and performance degradations. The authors aimed to contribute to developing control strategies aligned
with building and user needs. They proposed that such strategies could assist in prioritizing planned or
unplanned maintenance activities based on economic factors and provide valuable evidence for building
owners. In a 57-housing building implementation, the monitoring system demonstrated its ability to
promptly detect heat pump and boiler failures through real-time data analysis. The system also effectively
identified performance degradation in the heat pump, issuing a timely warning signal to prevent a complete
failure. These findings highlight the advantages of incorporating monitoring systems into heating and
refrigerating hydraulic circuits to guide diagnosis, maintenance, and management strategies, ultimately
enhancing system performance.

(HVAC) systems. Recently, a growing interest has been in leveraging machin
analysis in HVAC systems. The authors underscored the rarity of HVAC fail

95% of data variance with a single principal component, re
indicate that the proposed model achieves an 89% classificatio
PCA, and 79% for multi-zone air handling units. The
positives, address data imbalance, and monitor the no uipment. By doing so, the study aims
to enhance the accuracy and reliability of HVAC fault detectio dures.

Remote monitoring systems can improve, opergtional efficiency by reducing energy costs, lowering
maintenance costs, and supporting envir ustainability. For this reason, they are widely used in
various application areas, from industrial p mmercial buildings, and investments are being made
in these technologies to improve the performance o iJities.

In this study, it is aimed to,
e Determining whethg

monitoring,
e Evaluation offefge itoring w1 terms of carbon emissions,
e Revealing the effeCRfL ref onitoring on energy efficiency,

@l cpergy labeling algorithm.

Co -condenser fans, lighting fixtures, and heaters are the leading electrical energy-
consu in refrigerated display cabinets (RDC). The refrigerators are managed using the
informat iy2d from temperature and pressure sensors with the help of a digital controller. The set

temperature is the target temperature value for cold food storage. The differential temperature value
indicates the ££mperature value at which the compressor will restart when the compressor is stopped after
reaching the set temperature. Defrost eliminates icing/snow formation on the evaporator side of the
refrigerators. In RDCs, the refrigerating function active state (compressor, evaporator-condenser fans
running), the refrigerating function inactive state, and the defrosting state (compressor not running-
condenser fans not running-evaporator fans running) are repeated continuously in a cyclic manner. To
monitor the energy performance of energy-consuming equipment in refrigerators in remote monitoring
systems, current, voltage, frequency, and power information can be obtained, and data can be recorded
every minute with the help of an energy analyzer. The compressor, one of the critical equipment of the
refrigerating system, is the most energy-consuming. Energy consumption can be reduced with
improvements in the efficiency of the compressor [11].
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On March 1, 2021, energy labeling became mandatory for refrigerated display cabinets placed on the market
in the European Union, and energy labeling was classified from A to G. With this application, refrigerators
are classified according to their efficiency. Figure 1 shows a sample energy label of an E-class refrigerator.

<3
i —
G 4
10899 kWh/annum
e -1 °C y

Figure 1. Energy label for 2500 module plug/play open Nrefrigerator with R290 refrigerant

2.1. Experimental Test Procedure

ms according to TS EN 1SO 23953-2:2017 standard.
Testing activities are done by automating the tes under standard climate class-3 conditions at 25°C
temperature and 60% relative hurgtdity. The test chaN¥er's ceiling and two side walls must be thermally
insulated and covered with a met@igayer. The lighting‘in the room is provided using fluorescent lights with
g height of one meter from the floor. An air conditioning
unit and automation syst 3 € iggd temperature, relative humidity, and air speed in the test

Refrigerated display cabinets are teste

ém the blowing wall of the test room towards the direction of the
carried out in the test rooms, data is collected and recorded every
period. Energy consumption of energy-consuming equipment in the

packg)yfwi ivalgnt properties are used in the test room and placed in the refrigerator instead of the
ture channel measures its temperature from the center core point on the M-packages.

refrigerator' ting on and 12 hours off, and 12 hours' curtain open and 12 hours' curtain closed for open
type refrigerdtors. Measurements should be made with an accuracy of £0.5°C for temperature, £1.5% for
relative humidity, and +0.5% for power consumption. The amount of radiation and the temperature change
occurring through radiation caused by the walls and ceiling of the test room should not exceed +2°C, which
is the air temperature value recorded at the same level. Temperature and relative humidity tolerances should
be £1°C and + 3% respectively [12]. Figure 2 shows the schematic representation of the refrigerated display
cabinet, and Figure 3 shows the photograph of the tested refrigerator.
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Figure 2. Schematic representati
3: Wi-Fi, 4: electronicggmices, 5:
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1)
where, AE, the daily energy consumption amount, is calculated as in Equation (2) [13]:
AE=365E g )
Eaity= ( Wcompressor 'tcompressor) +( Wevaporatorfan 'tevaporatorfan) + ( W condenser fan 'tcondenserfan) + . 3)

( Wheater 'theater) + ( Wled'tled)
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The SAE is calculated with the Equation (4) [13]:
SAE=365-P(M+NY)-C 4)

To find the SAE value in Equation (4), the coefficients in the Regulation of the European Parliament and
of Council were determined. According to regulation, M =9.1, N =9.1, C =1.15 and P =1.1 for RDCs [14].
The Y value should be calculated as the sum of the exposed areas in m? of all compartments of the
refrigerating device in the same temperature class.

Table 1 contains the label data of the tested refrigerated display cabinet, and Table 2 includes information
on the equipment in the refrigerator. The daily energy consumption of the tested refrigeratggwas calculated
in line with the given equations. According to the calculations based on the total input”p8ver, the daily
energy consumption of the refrigerator is calculated as 29.86 kWh.

Table 1. Label data for the tested refrigerated display cabinet

time

Parameters Values
Refrigerant R290
Thermostat 0°C/2°C
Defrost time 6 x 15 minutes / 1 day
Compressor 0.6 KW x 2 pcs
Condenser 2 kW x 2 pcs
Evaporator 2.8 KW
Condenser fan 1400 rpm, 13 W X 6 pcs
Evaporator fan 1400 rpm, 13 4 pcs
Evaporator fans' operating 24 hoairs/da

Condenser fans' operating
time

14 hours/da

Working time of the
resistance in the defrost
container

PTC resistance input
power in the defrost
container

.63 hour§/day

Table 2. Informa

ipment in the tested refrigerated display cabinet

Pie Working time | Total input Total consumption
(hour/day) power (W) (kWh/day)

2 14 1200 16.8

fans ) 4 24 52 1.248

Condenser 6 14 78 1.092
Internal lighting 2 12 40 0.48

PTC resistance 1 14.63 700 10.241
Total 15 78.63 2070 29.86
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PTC resistance

34%
Compressor
56%
Daily energy
Lighting consumption
204 29.86 kWh
Condenser fans

0 Evaporator fans
4% 4%

Figure 4. Energy consumption graph of equipment of te

The evaporator and condenser fans follow resistance at 8% an
compressor and PTC resistance, which are the most en
energy, and preventing these situations are essential is

3.1. Situations That Cause the Compressor tgdfVork Hard

honeycomb, thus increasing the refrigerating load,
¢ Since the refrigerator is placed t60 e wall, the condenser is challenging to remove waste
heat,

Fouling of the condenser,

f&irflow (non-homogeneous airflow) during the drying process of antibacterial fabrics
ser airflow,

o Deterloration of the airflow structure in the air curtain, that is, the thermal protection provided,
e Situations such as operating the refrigerator with high temperature and relative humidity conditions
cause the PTC resistance to work excessively.

The CO; emissions caused by the energy consumption are a large part of the total CO, emissions [15].
Therefore, the measurement of carbon emissions is an important issue. With the proposed remote
monitoring system, energy consumption can be monitored, and the amount of carbon emission caused using
the refrigerator can be calculated depending on the consumption. Tirkiye’s Electricity Production and
Electricity Consumption Point Emission Factors, which represent the amounts of greenhouse gas emissions
released per unit of net electricity production and unit electricity consumption, have been calculated by the
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Republic of Tiirkiye Ministry of Energy and Natural Resources. As a result of these calculations, it was
found that an average of 0.440 tons of CO; equivalent greenhouse gas emissions were released per 1 MWh
(unit) of net electricity production in Tiirkiye. This factor can be used in various areas, such as carbon
footprint calculations and calculation of greenhouse gas reduction amounts [16]. With this study, carbon
emissions will be kept under control thanks to the remote monitoring system in the refrigerator, whose daily
energy consumption is calculated as 29.86 kWh, and greenhouse gas emissions equivalent to 13.13 kgCO
per day and 4795.5 kgCO, per year will be prevented.

4. ENERGY PERFORMANCE LABEL DETERMINATION ALGORITHM

In this study, an energy performance label determination algorithm was developed to detergnine the energy

flow diagram is given in Figure 5. This algorithm records the compressor power,
condenser fan power, PTC resistance power, and lighting power of the refrigerator,

fan power,
time. The

evaluation is performed with Counter-.

At the end of 24 hours, the daily energy consumption of the refrigerator
case, Eqand AEqare equal for one day. For refrigerated
energy label classification are calculated with the "
Additional Regulation (EU) No. 2017/1369 of the European ent and Council on about Energy
Labelling of Refrigerating Appliances with A Diect Sales Function”." Standard daily energy consumption
SAEq4 can be found by dividing the normal annu@l energy consumption value by 365. After this data is
obtained, the daily energy efficiency ind lgis\calculated. Then, EElapel g is the daily ratio of the daily
energy efficiency index and the label value. stioned whether the ratio is higher than this value. If
the daily energy efficiency index EElq is low, it in the user by giving a typical power consumption
warning. If the EElq value is higleer than the calculg@ted label value, the PTC resistance's daily energy
consumption Eprc_q data is first'anal§iged. SuppRse this value is more than the daily Eprc_nom_a Value of the
refrigerator. In that case, thesa

is cdlculated for a day. In this
AE, and EEI values used in
elegated Regulation (EU) 2019/2018

(infiltration) should b : respectiv@ly. These types of warnings require the user to take action by
considering them. After th &8 ¥, the algorithm returns to the measurement block to process the
following data. consumption of the PTC resistance is less than the nominal value Eprc g,

Mith a standard compressor power consumption warning. If the Ecom_a Value is
consumption value, the compressor is working more than necessary; the airflow

thanks to the algorithm, it can query the correct operating conditions when using the refrigerator. This
energy performance label class determination algorithm aims to protect the energy label values of
refrigerators. In this way, the energy consumption of refrigerators is reduced, and energy efficiency is
brought closer to the targeted data. The controlled refrigerated display cabinet can control energy costs and
carbon emissions.
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Y

Power measurements:

Pcom - Peva_fan - Pcon_fan - F,PTC - PLED

Y

Save data

X Evaporator Fan, Peva_fan
X Condenser Fan, Peon fan

1
1
1
1
1
|
1
! {AAF Resistance, Perc
1
1
1
1
1
1
1
1
1

1 minute wait

-@- LED lighting, Peeo

A Warning requiring action

No

Counter; = 24 hours

A Warning that don’t require action

Calculate Eg:
Daily calculation Equation (3) Annual calculation
Calculate AEq: Calculate AEa
Counter, = 365 days
AE¢=Eq-1 AEa=Eq-365
Calculate SAEq:

SAEG=1-P- (M+N-Y).C

!

Calculate EElq: Calculate EVEa:
EVEG=AEJ/SAEq EVEa=AE./SAE.

§6'P. (M+N-Y).C

EEI¢>EEliabel_d
(£%10)

EVEa> EVEjapel_a
(£%10)

Eprc_a> EpTC_nom_a

Warnings: Warnings:

A

- Power consumption is normal.

- Power consumptiop

A

)

1

Warnings: rWarnings:

. - Compresor power consumption is - The compressor is overworked.
al fabrics should be normal. - Airflow should be controlled.
- Condenser and evaporator pollution
e condenser and refrigerator should be checked.
should bé& controlled. - It should be checked whether the outdoor
- Air leaks (infiltration) should be checked. temperature is above 25°C and the
) relative humidity is above 60%.
- The distance of the refrigerated display
(_ cabinet to the wall should be checked.  J

f Return |

;I_J

Figure 5. Energy performance label determination algorithm of the refrigerated display cabinet
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In case the refrigerator exceeds the energy label value, the criteria that increase the energy consumption
given in the warnings headings in Figure 5 should be checked one by one. After the controls, maintenance,
and repair, the energy consumption will be monitored and the refrigerator will operate at the label value.

4.1, Previous Works

Lin et al. [17] developed a low-cost and rapid-installation data monitoring and analysis system for
refrigerating system. Energy consumption, coefficient of performance, operating conditions, failure
information of refrigerating equipment were calculated and determined. This system was helped staff to
remotely monitor the refrigerating system and identify problems in the plant to improve the energy
efficiency of the system. Momeni et al. [18] implemented a real-time data monitoring systegn based on 10T
technology in a vapor compression refrigerating cycle. As a result of the energy ahalysis, the total
refrigerating capacity and power consumption during the day were found to be 489.5 Wh an§ 250.9 kWh,

CO; emissions than the existing design condensation pan.

5. CONCLUSIONS AND DISCUSSION

Open-type refrigerated display cabinets are widely
impressive way and, at the same time, to preserve thenf o en-type refrigerated display cabinets,
which are widely used because they provide easy gccess to pro onsume a lot of energy because they
come into contact with hot ambient air. The epdigy labels of these cabinets include energy consumption
data provided by the manufacturers, but these dala are generally obtained under standard test conditions.
Determining how much of the perform on the energy label is achieved in real application
environments and long-term use.

ermarke§¥” to display products in an

This study examines the impac
systems and presents an innovative
display cabinets. The basi
resistance, and lighting a3
is used. The algorithn¥ 8s developld to keep these parameters under control because of examining
the parameters that caus ot to consume too much energy, presents daily and annual energy
consumption daig 'Ie determmmg the energy performance label class and at the same trme
detects potential |

[ remote monitoring and control on energy efficiency in refrigerating
pproach toydetermining the energy performance label for refrigerated

and control via a grinection, will prevent unwanted product losses by giving the necessary
warni which alerts the refrigerator, when necessary, malfunctions that may occur
int ting sygtem will be prevented, and these situations will be monitored. This method will lead
to emissions, energy consumption, and energy costs

This metho 0 check whether the refrigerating cabinets meet the energy consumption values specified
by the manyfacturer under actual operating conditions. This is a crucial step to optimize energy

consumption and increase environmental sustainability. This system, which will enable remote monitoring
of refrigerators, can be applied to all refrigerators. The ultimate aim of this system is to monitor possible
excess energy consumption and to notify the increased consumption with a warning. This method can be
applied to all refrigerators with known energy labels to monitor energy consumption and provide efficiency.
With this method, carbon emissions can be monitored indirectly by monitoring energy consumption. This
monitoring system will also limit the increase in carbon emissions with the warnings it will give.

Additionally, this study supports the use of low-carbon energy by contributing to the energy efficiency
targets set in the 28th Conference of the Parties (COP 28) agreement. Reducing energy consumption can
be part of global efforts towards a sustainable future.
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