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Fig. 1. Laboratory installation for studying the decalcification process
Legend: 1 — dry-air thermostat; 2 — trellised stand; 3 — decalcification reactor;
4 — wastewater; 5 — magnetic stirrer; 6 — peristaltic pump.

Results. As a result of bubbling, the pH increased from 7.86-8.22 to 8.26-8.46. The initial
concentration of calcium ranged from 240 to 337 mg/dm®. After decalcification, the calcium
concentration was from 80 to 144 mg/dm?®. Thus, the efficiency of the process ranged from 53 to
71%.

Conclusions. The proposed method can be used for decalcification of anaerobically treated
wastewater from a yeast factory and it is quite effective.

DEVELOPMENT OF ECO-ENERGY INDICATORS FOR REFRIGERATION TO
DETERMINE THE POTENTIAL FOR SUSTAINABLE DEVELOPMENT IN CONTEXT
OF CURRENT CLIMATE CHANGE
Olga Khliyeva
Odessa national academy of food technology, Odessa, Ukraine
Email: khliyev@ukr.net

Nowadays the requirements of United National Framework Convention on Climate Change
(was ratified by legislation Ne 435/96-BP from October 29, 1996) and Paris agreement (was ratified
by legislation Ne 1469-VI1I from July 14, 2016) were taken for execution in Ukraine. The Ukrainian
first Low Emission Development Strategy up to 2050 was adopted in July 2018, being overall in
line with the acquis. Besides, the Law of Ukraine Ne 337-i from December 12, 2019 “On the
Principles of Monitoring, Reporting, and Verification of Greenhouse Gas Emissions” was adopted.
But these legislative acts do not standardize GHG emissions and do not regulate emission
reductions in the particular power-intensive manufacturing processes, such as refrigeration. At the
same time, the refrigerating systems cause both the large direct contribution (due to the use of
refrigerants with high global warming potential - GWP) and large indirect contribution (due to the
electricity consumption) in the equivalent greenhouse gas emission.

Also, the Kigali amendment to the Montreal Protocol (2016) aimed at a gradual phase-down
of fluorohydrocarbons refrigerants with high GWP is expected to be ratified soon. But the
replacement of these substances in refrigeration systems without thorough analysis can lead to an
increase in the overall “carbon intensity” of their products life cycle (carbon intensity of artificial
cold). That is, the solving of one problem (the phase-out of the fluorohydrocarbons) will inhibit the
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solving of another (decrease the life cycle equivalent GHG emissions of the refrigeration products -
artificial cold).

The method for eco-energy analysis of the refrigerating and air conditioning systems, also
the vapor compression heat pumps has been proposed in the study. This method based on the life
cycle GHG emission evaluation and differs from known existent methods that it takes into account
the emission connected with humane labor and does not require the hard-to-reach information as
input data. The new eco-energy efficiency indicators for analysis of the refrigerating and air
conditioning systems, vapor compression heat pumps have been developed. For example, the new
eco-energy efficiency indicator (total GHG emission per equivalent volume of household
refrigerators for its lifetime) has been proposed for household refrigerators. In contrast to the energy
efficiency index, the proposed indicator takes into account the manufacturing and recycling stages
of the refrigerator's life cycle.

The proposed method can be used at alternative refrigerant choice. For example, the analysis
of expediency of the "natural” refrigerants (with low GWP values: iso-butane R600a and propane
R290) appliance in vapor compression refrigeration machines at various operating conditions has
been performed. It was shown that the requirement of fire safety (for flammable refrigerants such as
R600a and R290) has a significant impact on the eco-ecology efficiency of artificial cold
production.

The sustainable results of the presented study and possibilities for their further use in
refrigeration will be obtained by the needing keep legislation connected with the energy-saving and
greenhouse gas emission reduction in industries. The proposed analysis method can be used by
manufacturers at an efficiency analysis of the new or renew refrigeration systems.

HAYKOBI OCHOBH EKOJIOTTYHOI CKJIAJIOBOI CTAJIOI'O PO3BUTKY
Caimiana Mamxn
Hayionanvnuu asiayitinuii ynisepcumem, Kuis, Yxpaina
Emai: madzhd@ukr.net

VYropaBiiHHS OPUPOJHUMHU pecypcamMu YKpaiHM € OJHUM 13 BHU3HAYAJbHUX YHMHHHKIB
CTAJIOr0 PO3BUTKY Ta MNPIOPUTETHUM HAMPSMKOM JEp)KaBHOI MOJIITHKA Hamol kpainu [1-4].
HaykoBo-TexHiuyHUI mporpec Mpu3BiB J0 MOPYIIEHb B3a€MO3B’S3KIB Ta B3a€EMOJIIN B MPUPOTHUX
€KOCHCTEM Ta JI0 MOPYIICHh B HUX KOMIICHCAI[IHHUX MeXaHI3MIB O10THYHOT caMOperyJsiii. A 1ie B
CBOIO Yepry MpHU3BENO 0 BUHUKHEHHS HEOOOPOTHIX MPOLECIB B HABKOJMIIHBOMY CEPEIOBHIII, B
pe3yNbTaTi YOro CTaI0 HEMOXKJIMBHUM JOCATHEHHS CTAIOT0 (30a1aHCOBAHOTO) PO3BUTKY JIFOJICHKOTO
cycninbeTBa. [lopyiieHHS OUHAMIYHOI PIBHOBArd, >KUBYYOCTI, CTAJOCTI PO3BUTKY 1 Oe3meku
PO3BUTKY €KOCHUCTEM; BIAMOBIIHICTh MPUCTOCYBAIBHUX peakiliii 6i0leH031B JUHAMIUHIA piBHOBAa31
PO3BUTKY €KOCHCTEM; y3TOKEHICTh CAaMOPETYII0I0Y0i 3[aTHOCTI IPUPOJIHUX CHUCTEM 13 PIBHEM iX
€KOJIOTTYHOT €MHOCTI, Y3TOJ/DKEHICTh aJanTaliiHuX MOXIJIUBOCTEH OI0IIEHO3IB il aHTPOMOTeHHUX
YMHHUKIB 3HaxXOJAThCA 11032 YBarol NPUPOJOKOPUCTYBadiB, BIAMOBITHO, HE MOXYTh OYTH
CKOPEToBaHi 100 MPOIECIB CAMOBITHOBIEHHS €KOCUCTEM 1 HE MOXKYTh OYTH 3alydeHi 0 CUCTEMHU
YIPaBIiHHS €KOJOTIUHOIO0 O€3MEeKOI0 aHTPOTIOT€HHO 3MIHEHHUX €KOCUCTEeM. | ToMy, MpiopuTEeTHUM
HampsIMKOM PO3BUTKY CYYacHOTO CYCIIJIbCTBA € BIPOBAHKCHHS HAYKOBUX MPUPOJJIOOXOPOHHUX
OCHOB, SIKi JIO3BOJISITh 3a0€3MEUYUTH €KOHOMIYHHIN PO3BUTOK JAEpKaBH 3a PaxXxyHOK €KOJIOTIYHO-
30aJIaHCOBAHOTO MTPUPOJOKOPUCTYBAHHS [2, 4].

JlocsTHEeHHST €KOJIOT030alaHCOBAHOTO PO3BUTKY MOKJIMBO 32 YMOBH YIOCKOHAJICHHS
CUCTEMH €KOJIOTTYHOTO YIPABIIHHS IIISXOM PO3POOIECHHS METOIOJIOTTYHIX OCHOB IHTETPOBAHOTO
€KOCHUCTEeMHOTO MIAXOMy 3 ypaxXyBaHHSM MDKHAPOJIHUX CTaHAAPTIB CHCTEMHU EKOJIOTTYHOTO
yrpasiinHs [1-3].
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