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The increased use of refrigerants with low global warming potential GWP over the past decade indicates
that manufacturers are already making gradual replacements with refrigerants with reduced environmen-
tal impact. Thus, in addition to HFC gas phase-out requirements, most EU countries are pursuing a trend
to reduce the energy consumption of refrigeration appliances. Such countries restrict the import of
equipment that does not meet the energy efficiency requirements. This paper presents the ecodesign of re-
frigeration equipment in relation to the requirements of the sales market using the Regulation on Con-
formity Assessment Procedure. HVAC&R equipment contributes to GHG emissions in two ways: directly
through refrigerant leakage or venting, and indirectly through electricity use, the latter accounting for up
to two-thirds of GHG emissions. The paper compares the energy and environmental characteristics of
refrigerants R404a and R290 in freezer M200V. The experimental results show that the highest COP va-
lues in the system for R404a and R290 are 3.02 and 3.19, respectively. Possibilities of complete transition
from F-gases to natural analogues with GWP = 0 are shown. At application of R290 its advantages on
energy efficiency are obvious - reduction of electric power consumption of freezing chests on 8,9 %, in-
fluence on environment R404A — GWP=3260, R290 — GWP=3. The calculation of energy efficiency class
for freezing chest was made. To improve energy efficiency, a number of design modifications were made:
the density of the thermal insulation material and the compressor were changed. The energy consumption
of the modified version at the second climatic class was measured at 1.23 kW/24h, and the energy effi-
ciency coefficient according to the calculation EEI =34.904, which corresponds to the energy efficiency
class «Cy.
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1. Introduction

Nowadays, requirements have been established
for ecodesign, a technique used in the design of a
product or service that takes into account environmen-
tal factors, so measures are taken to ensure that its
production does not have negative effects on the envi-
ronment [1].
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Working priorities within the ecodesign and
energy labelling framework on refrigeration applianc-
es with direct sales function belonging to energy-
related product groups have been identified and
should be considered as priorities for preparatory
studies and final adoption of measures [2].

Ecodesign work plan measures have an estimated
potential to deliver total annual final energy savings of
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more than 260 TWh in 2030, equivalent to a reduction
in greenhouse gas emissions of about 100 million tons
per year in 2030. Refrigeration appliances with a di-
rect sales function are one of the product groups with
an estimated 48 TWh of annual final energy savings
in 2030 [3, 4].

The environmental aspect of refrigeration appli-
ances with a direct sales function, that was identified
as most relevant to the objectives is energy consump-
tion during the use phase. This energy consumption
could be reduced without increasing the overall cost
of purchasing and operating the products by using
cost-effective non-proprietary technologies.

The increased use of refrigerants with low global
warming potential GWP over the past decade indi-
cates that manufacturers are already making gradual
replacements with refrigerants with reduced environ-
mental impact.

Thus, in addition to HFC gas phase-out require-
ments, most EU countries are pursuing a trend to re-
duce the energy consumption of refrigeration appli-
ances. Such countries restrict the import of equipment
that does not meet the energy efficiency requirements.
In order to control the compliance of such equipment,
a unified register was created [5].

This paper presents the ecodesign of refrigeration
equipment in relation to the requirements of the sales
market using the Regulation on Conformity Assess-
ment Procedure.

2. The main part

HVAC&R equipment contributes to GHG emis-
sions in two ways: directly through refrigerant leakage

or venting, and indirectly through electricity use, the
latter accounting for up to two-thirds of GHG emis-
sions [6]. Energy labeling and eco-design require-
ments have created space for best-in-class natural al-
ternative working fluids of refrigeration units. This in-
creases the appeal of hydrocarbon-based refrigerants
such as R290 and R600a — in commercial appliances.
There are already billions of hydrocarbon-based do-
mestic refrigerators successfully operating with prov-
en efficiency.

Today, self-contained propane systems are be-
coming more common in commercial refrigeration sys-
tems around the world, especially in Europe [7-12].

2.1 Comparison of refrigerants.

The comparative analysis and experimental study
of the unified refrigeration system operation on refrige-
rants R404a and R290 are carried out.

A freezer chest M200V from Juka-Invest Ltd.
was selected [13]. This model is made with two re-
frigeration systems operating on R404a and R290. For
the laboratory study, mathematical analysis of refrig-
eration systems was performed taking into account the
thermal loads, which are caused by the design features
of the refrigeration system and the freezer chest [14].

Refrigerating agents in the sequence (R404a —
R290) were alternately filled into the refrigeration
system. After setting the operating parameters, the re-
frigeration unit was switched on to the mains.

In accordance with the norms of conducting ex-
periments on commercial refrigeration equipment, all
measurements were taken after the freezer chest en-
tered the operation mode. During the experiment the
results shown in the tab.1 were obtained.

Table 1 — Summary table of the results of the experiment

Conditional Work Period Idle period Work Period Idle period
designation max min max min max min max min
RA R404A R290

Ted °C 36,2 26 35,3 25,4 35,5 25,2 34,1 25,3
Tewp °C -21 -36 -22 -36 -22 -36 -22 -35
Tcam °C -20,3 -21,9 -21,4 -23,1 -20,1 -22,7 -21,2 -23,3
Tsuc °C 32,9 2,8 32,4 19,8 33,8 8,8 33,7 23,4
Tem °C 48,5 44,6 48,4 45 48,3 44,3 48,1 44,7
Tis °C 75 38,1 72,1 39 70,1 36,8 66,8 37,9
Tcs °C 39 29,1 36,6 29,2 38,6 28,8 34,6 28,5
Tct °C 37,6 30,1 34,9 27,3 34,7 28,8 32,5 25
Teycle min 15 12 16 12
Mga gram 95 75
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Table 1 continuation

Conditional des- Work Period Idle period Work Period Idle period
ignation max | min max | min max | min max | min
RA R404A R290
Network analyzer
Pn w 186 155 2,6 2,3 163 134 2,7 2,4
I A 1,24 11 0,02 0,03 1,12 1,05 0,02 0,02
U \% 220-230
f Hz 50
Ne | kW/24h 2,20 | 2,01
Calculation parameters
Kteycle 0,55 0,57
cor 3,02 3,19
EEI, % 58 46
EEC E D
CO; Eq, ton 0,37 0

Note: Tcq — average value of condenser temperatures; Te,, — average value of evaporator temperatures; Tcam — evaporator
temperature; Tsc — suction pipeline temperature; Tcn — compressor shell temperature in the lubricant filling zone;
Tais — discharge pipeline temperature; T — temperature of the beginning of condensation; Tt — temperature of the end of
condensation, teycle — Cycle time; Mgra — quantity of refrigerant,; Kzeye — Working time coefficient; COP — coefficient of per-
formance; EEI — energy efficiency index; EEC — energy efficiency class; To — boiling temperature; Py — boiling pressure;
T — condensing temperature; Pc — condensation pressure: CO, Eq — CO, emission equivalent.

When R290 is used, its advantages are obvious:
in terms of energy efficiency — reduction of electricity
consumption by 8.9%; environmental impact R404A
— GWP = 3260, R290 —- GWP=3.

2.2 Requirements for reducing energy consumption.
One of the additional requirements of the external
market of refrigeration equipment is the requirement
to continuously improve energy efficiency. In order to
be able to maintain a constant position in the refrigera-
tion market, manufacturers are constantly conducting
experiments aimed at improving energy efficiency.
One of such experiments was carried out in la-
boratory conditions on the basis of a freezer chest
M200V, manufactured by Juka-Invest Ltd [15,16].
Considering the established requirements of en-
ergy-related ecodesign, an energy efficiency class cal-
culation was carried out for the M200V freezer chest.

Egl= AE
SAE

1)
where: EEI — energy efficiency index expressed in
percent (%); AE - annual energy consumption
kWh/year:

AE =365-E (2)

daily ?
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where Egaily — the energy consumption of refrigerated
appliance with a direct sales function over 24 hours,
expressed in kWh/24 hours.

SAE is expressed in kWh/year. For refrigerated
appliances with direct sales function with all com-
partments having the same temperature class and for
refrigerated vending machines, the SAE is calculated
as follows:

SAE=365-P-> "(M+N-Y,)-C,, ®3)

where ¢ — index number for the bay type in the range
from 1 to n, where n is the total number of bay types;
values M and N are tabulated values depending on the
type of equipment to be calculated: for ice-cream
freezers M = 2.0, N = 0.009; C — the temperature
mode and the corresponding temperature coefficient
values: the tabulated value depends on the tempera-
ture class of the equipment (C = 1); P — coefficient
depending on the type of refrigeration equipment
(P =1); Y¢ — equivalent volume of freezer compart-
ments for ice cream with target temperature T¢, (Veqc),
calculated as follows:

Y, =V,,, = NetVolume- 123_0T° : (4)
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where T¢ is the average temperature in the compart-
ment (T, = 18, table value); C — climate class coeffi-
cient (C =1).

According to the electricity measurements carried
out before the freezer chest modification, the electrici-
ty consumption was 1.84 kW/24h.

According to the calculation EEI = 51.794 — the
energy efficiency class corresponds to «E».

To improve energy efficiency, a number of de-
sign modifications were made:

In order to reduce heat losses during the creation
of insulation walls, the density of the thermal insula-
tion material for two-component polyurethane foam
was changed from 42 to 58 kg/m?.

The change in the density of the thermal insula-
tion layer was achieved by calculating the change in
the ratio of the components of the polyurethane foam.

Calculation for the machine for filling of polyure-
thane foam:

t=—o, (5)

where t (s) — feeding time during foaming; V (m°) —

volume of filling with insulation; p (kg/m®) — density;
tm (kg/s) — mass feeding of the mixture (technical
characteristics of the machine for foamed polyure-
thane foam filling), tn = 1.17 kg/s.

Component A
i
m, = ;’—; (6)
Component B
m; =m, -1,5. (7)

Thus, when the insulation volume in the M200V
— V = 0.142 m®, and the insulation density p = 42
kg/m®, the feeding time was t = 5.1 s. The consump-
tion of components was ma = 2.386 kg; mg = 3.578 kg.

At initial technical data for FPU the change of
heat conductivity coefficient in the range of 0.019-
0.035 W/m-K depending on density in the range of
30-150 kg/m®.

The thermal conductivity coefficient corresponds
to the value K; = 0.0294 W/m-K.

When the density was increased to p = 58 kg/m®
the initial data were: t =7.04 s; ma = 3.294 kg; mg =
=4.942 kg; K2 =0.0273 W/m-K.

The evaporator winding on the inner body of the
freezer chest is shifted 50mm higher and the winding
pitch is changed from 40mm to 35mm.

It can be stated that freezer chests of this type uti-
lise cooling by static air movement in a closed vo-
lume. Thus the height of the evaporator placement de-
pends on the height of the loading line, and the tem-
peratures in the cooled volume decrease as a function
of depth. Thus it can be stated that changing the
height of the evaporator relative to the loading line
(without changing the height of the loading line and
without reducing the usable volume), will allow lower
temperatures to be obtained at the loading line, and
reducing the winding pitch will increase energy effi-
ciency and compensate for the thermal loads associa-
ted with changing the location of the evaporator win-
ding.

The compressor Embraco EMC 3119 U (0.236 kW)
was replaced by Embraco EMC 3117 U (0.197 kW).

Based on the previously applied modifications
and on the basis of the thermal calculation of the
freezer chests, the compressor was calculated and se-
lected for replacement in the equipment under study.

After the modifications were made, the operation
was compared and electricity was measured. The test
data are summarised in tab. 2 and Figure.

Table 2 — Comparison of compressor characteristics

Name Embraco EMC3119 Embraco EMC3117
Cooling capacity 0.236 kW 0.197 kW
Efficiency, COP 1.9 W/W 1.83 W/W

Refrigerant R290 R290
Application conditions L/MBP LC L/MBP
Motor type RSCR RSCR

Research conditions

ASHRAE LBP32

ASHRAE LBP32
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Figure — Comparison of M200V and M200V energy saving freezers on the temperature vs time graph:
Tenv — ambient temperature; Tcam M200V — dynamics of temperature change on the loading line of the freezer
chest M200V in basic configurations; Tcam M200V energy saving — dynamics of temperature change on the
loading line of the freezer chest M200V in the modified, energy saving version.

The energy consumption of the modified version
in the second climate class was measured at 1.23
kW/24h and the energy efficiency coefficient accor-
ding to the EEI calculation = 34.904, which corres-
ponds to energy efficiency class «C».

3. Conclusions

The conclusion of such research becomes the
confirmation of possibility of full transition to natural
refrigerating working agents from GWP = 0. High
energy efficiency of the refrigerating agent R290 is
revealed.

At application of R290 its advantages on energy
efficiency are obvious — reduction of electric power
consumption of freezing chests on 8,9%.

The calculation of the energy efficiency class for
the freezer chest was carried out. To increase energy
efficiency, a number of structural changes were made:
the thickness of the heat-insulating material and the
compressor were changed. The energy consumption
measurement of the modified version at the second
climate class was 1.23 kW/24h, and the energy
efficiency coefficient, according to the EEI calcu-
lation = 34.904, which corresponds to the energy effi-
ciency class «C».
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3binvuients BUKOPUCAHHS X0A000A2eHMI8 i3 HU3LKUM nomenyiaiom 2nodairbrnoco nomeniinus GWP
NPOMS2OM OCMAHHBLO20 OECAMUNIMMA CEIOYUMb NPO Mme, WO SUPOOHUKU 6dIce 30TUCHIOIOMb NOCHYHOBY
3aMIHY X0A000A2eHMaMU 3 MEHWUM GNIUGOM HA HABKOMUUIHE cepedoguuye. Takum Yumnom, Ha 000amox
00 8UMO2 U000 ROCMYNO080I 8i0M08U 8i0 sukopucmanns eazy HFC, 6invwicms kpain €C dompumyemuvcsa
MEHOeHYIT 00 3HUMNCEHHS CNOJICUBAHHS eHepeii X0n00urbHumu npuiadamu. Taki xpainu obmedcyroms
imMnopm obnaduauHs, sike He GION08I0AE 8UMO2AM eHepeoedhekmuerHocmi. Y yiti pobomi npedcmasieno
eKOOU3AlH XONO0OUTbHO20 00NAOHAHHA WOO00 BUMO2 PUHKY 30ymy 3 euxopucmanuam Ilonoscenns npo
npoyedypy ouyinku eionogionocmi. Obonaonanns HVAC&R cnpuse euxuoam napuuxosux 2azié 0eoma
cnocobamu: 6e3nocepeonbo uepez GUMIK ab0 GeHMUNAYIIO X0I000d2eHM) MA ONOCePeOKO8AHO Yepe3
BUKOPUCMANHS eIeKMPOeHepeli, Ha OCIAHHE NPUNaodac 00 080X MpPemuH GUKUOIE NAPHUKOBUX 2a3ig. Y
cmammi NOPIGHIOIOMbCSL eHepeeMUYHI ma eKol02iuni Xxapakmepucmuxu xonoooazenmie R404a ma R290 y
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Mmopozunvhiu kamepi M200V. Excnepumenmansvhi pesynomamu noxkazytomo, wjo naueuwi snavenns COP

y cucmemi 011 R404a ma R290 cmanosasims 3,02 ma 3,19 6ionosiono. Ilokazano moxiciugocmi nosHo2o

nepexody 6i0 Gmopuux 2azie 00 npupoonux ananoeie 3 GWP = (. Ilpu sacmocyeanni R290 iioco

nepesazu no eHep2oeqexmusHOCMi O4YeBUOHI — 3HUNCEHHS CHONCUBAHHS eeKMPOeHEP2ii MOPO3UIbHUX
kamep Ha 8,9 %, eniue Ha nHasexonuwne cepedosuue R4044 — GWP = 3260, R290 — GWP = 3. [Iposge-
0CHO PO3PAXYHOK KIACY eHeP20eheKmusHOCmi MOPO3UIbHO20 Aapi. JIis niosuujenns enepeoehekmus-
Hocmi GY0 6HECeHO PA0 KOHCMPYKIMUGHUX 3MIH: 3MIHEHO 2YCMUHY MeNnaoi30IAYIUHO20 Mamepiany ma

komnpecopa. Enepzocnoocusanns moougikosanoi eéepcii 3a opyeum KiiMamuyHumM KiacoMm SUMIPSIHO HA

pieni 1,23 kBm/24 200, a koegiyicum enepeoepexmuenocmi 3a pospaxynkom EEI =34,904, wo siono-

gioae kaacy enepzoegpexmugnocmi « Cr.

Knrouoei cnosa: Exoousaiin;, Moposunvha ckpuns;, Xonoounwhi acenmu; Knac enepeoeghexmuernocmi,

Kommnpecop, COP; R404a; R290.
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