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Abstract: The paper considers the duration and efficiency of use of low-

energy installations using natural cold for milk cooling in the Republic of 

Moldova. The law on the distribution of atmospheric temperature F(t) and its 

approximation for the center of Republic of Moldova has been obtained 

based on the analysis of regular weather data for the last five years. The use 

of the natural cooling installation in the cold season and of the combined 

installation (refrigeration installation and natural cooling installation) in the 

warm season has been substantiated from the point of view of energy saving. 

The results have demonstrated that the use of the combined installation 

allows reducing the electric power of the refrigeration installation by 2.7 

times and reducing the energy consumption by MDL 2000. 

Keywords: atmospheric temperature, milk cooling, installation with natural 

cold, water accumulator, refrigeration installation, electric energy, training 

and experimental complex. 

Rezumat: În lucrare s-a determinat durata și eficiența de utilizare 

a instalațiilor cu frig natural cu consum redus de energie electrică pentru 

răcirea laptelui în Republica Moldova. A fost obținută legea distribuirii 

temperaturii aerului atmosferic F(t)  și aproximația acesteia  pentru 
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regiunea  centru a Republicii Moldova în baza analizei datelor 

meteorologice sistematice pentru ultimii cinci ani. S-a argumentat din 

punct de vedere al economiei de energie electrică utilizarea instalației cu 

frig natural în perioada rece a anului și a instalației combinate (instalația 

frigorifică și instalația cu frig natural) în perioada caldă a anului. 

Rezultatele studiului au demonstrat că utilizarea instalației combinate 

permite reducerea energiei electrice a instalației frigorifice de 2,7 ori și 

reducerea consumului de energie cu 2000 lei, MDL. 

Cuvinte-cheie: temperatura aerului atmosferic, răcirea laptelui, instalație cu 

frig natural, acumulator cu apă, instalație frigorifică, energie electrică, 

complex didactico-experimental. 

1. Introduction

One of the main tasks in the primary processing of milk at cattle 

farms is to maintain the high quality of milk produced. This is possible by 

decreasing the milk temperature using the cooling systems, which to a 

greater or lesser extent involve energy costs that directly affect the price of 

the final product. Thus, one of the major objectives in milk production is to 

increase economic efficiency and save energy used by cooling systems [1]. 

 The carried out studies in concern on the problem of reducing the 

specific energy consumption for milk production and processing, have 

shown the relevance of a specific area of scientific investigations and 

requests for solutions in the field of development of energy saving 

technologies for milk cooling  based on the rational use of alternative 

sources[2]. The need for solving this issue is caused, on the one hand, by the 

growing share of electricity generated for the production of cold (currently 

exceeds 20%), and, on the other hand, the significant differences in the cost 

of electricity consumed during the day and night (the cost of one kWh 

consumed at night can be 2,7-4 times cheaper than the cost of one kWh 

consumed during the day)  

For the milk cooling, the use of combined installation (refrigeration 

installation and natural cooling installation), which contributes to ensuring a 

high operational reliability of cooling systems saving electricity and water, 

reducing costs [4, 5], as well as improving the ecological situation based on 

the reduction of the used volume of freon and freon oils [7]. 
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The aim of the paper is to determine the duration and efficiency of 

use of installations with natural cold for milk cooling with seasonal action in 

the Republic of Moldova. 

2. Materials and methods

The study was conducted based on experimental data obtained at the 

training and experimental complex of the State Agrarian University of 

Moldova (UASM), where a combined installation was assembled. This 

included a refrigeration installation and an installation with natural cold for 

milk cooling. At the same time, the regular weather data obtained from the 

Chisinau Meteorological Center for seven months (January, February, March, 

April, October, November and December) of 2015-2019 were used [6]. 

The researches reflect in particular the general methodological 

difference of the modern approach to engineering calculations, in which the 

probabilistic numerical characteristics, probability density and random-

variable distribution law are used instead of classical, determining numerical 

parameters of the process (average, minimum and maximum value of the 

parameter) [3]. 

3. Results and discussions

Cooling of milk to the necessary storage temperature of 6°C by using 

natural cold in the cold season is promising from the point of view of energy 

saving, Fig. 1 (a). In this case, the water cooling in the installation with natural 

cold (water accumulator A) takes place only at low atmospheric temperatures 

from t ≤ 4°C, without using the refrigeration installation. The specific power 

consumption for milk cooling is at the level of 0.3 kWh/t compared to 

30...35 kWh/t when using refrigeration installations [1]. 

The use of the water accumulator also in the warm season (for t >4°C) 

while cooling the water in the accumulator from the refrigeration installation 

Fig.1 (b) allows reducing the power consumption of the refrigeration 

installation by approx. 1.6-1.7 times. 

At the same time, the cooling of water in the accumulator at night 

according to the National Agency for Energy Regulation of the Republic of 

Moldova (ANRE) allows reducing the electric power bills by 40% (Fig. 2) 

[2]. 
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Figure 1. Milk cooling by using natural (a) and artificial cold (b) [8] 

A – water accumulator; 

R – cooler; 

IF – refrigeration installation 

Figure 2.  Cost of Electricity According to Differentiated Rates 

Depending on the Consumption Period 
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The change of the ambient temperature t depending on the time T is a 

non-stationary, random process, therefore for the description of this process 

it is necessary to use the probabilistic distribution characteristic t. 

We will examine the operation of the water accumulator over the 

year, considering that the installation operates in the Republic of Moldova in 

the range of atmospheric temperatures from -15°C to +5°C. 

At t +5°C the installation is disconnected since it is not possible to 

cool milk to the required degree below 6°C. 

In this case, it is sufficient to consider the distribution of atmospheric 

temperatures in the specified range. 

Fig. 3 shows the monthly distribution of atmospheric temperature for 

the center of the Republic of Moldova based on regular weather data 

obtained from the Chisinau Meteorological Center for seven months 

(January, February, March, April, October, November and December) of 

2019. Likewise, the weather data for the years 2015, 2016, 2017 and 2018 

were analyzed. From these graphs (for the period 2015-2019), we have 

determined the number of days: 

– with t ≥ 5°C, in the day time,

– with t <5°C, in the night time,

– with t <5°C for 24 h.

The results obtained are given in Table 1.

It is evident from this table that the natural cooling installation with

seasonal action can be used for: 

‒ 57 to 174 days for 2015; 

‒ 67 to 172 days for 2016; 

‒ 83 to 188 days for 2017; 

‒ 86 to 144 days for 2018; 

‒ 71 to 142 days for 2019. 

The use of the installation with natural cold with seasonal action in 

the night time has a great potential (142 days to 188 days). During the day 

time, this potential is much lower (57 days to 86 days). 

Table 2 shows the number of days in a respective calendar year with 

t≤ -15°C, t≤ -10°C, t ≤-5°C, t ≤ 0°C, t ≤ 5°C in the night time. Based on this 

table, the law on the distribution of atmospheric temperature F (t) and its 

approximation has been obtained. It is presented in Fig. 4. 
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Figure 3. Distribution of Atmospheric Temperature for the Center of Republic Moldova by 

Months (January, February, March, April, October, November and December). 
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Figure 3 (continued) 
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Table 1. Number of days with t ≥ 5°C, in the day time, with t < 5°C 

in the night time and with t <5°C within 24h 

Month 

Number of days with 

t ≥ 5°C, in the day 

time 

Number of days with 

t < 5°C, in the night 

time 

Number of days with 

t < 5°C, within 24 h 

2015 

January 7 31 24 

February 11 28 17 

March 29 31 2 

April 30 17 0 

October 31 17 0 

November 24 20 0 

December 16 30 14 

Total 148 174 57 

2016 

January 8 31 23 

February 23 26 3 

March 27 28 1 

April 30 7 0 

October 31 23 0 

November 7 28 21 

December 10 29 19 

Total 136 172 67 

2017 

January 2 31 29 

February 7 28 21 

March 31 29 0 

April 30 20 0 

October 31 23 0 

November 4 28 24 

December 10 29 19 

Total 125 188 83 

2018 

January 11 31 20 

February 5 28 23 

March 17 24 7 

April 30 3 0 

October 31 6 0 

November 12 21 9 

December 4 31 27 

Total 110 144 86 
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Table 1 (continued) 

Month 

Number of days with 

t ≥ 5°C, in the day 

time 

Number of days with 

t < 5°C, in the night 

time 

Number of days with 

t < 5°C, within 24 h 

2019 

January 3 31 27 

February 11 28 17 

March 3 24 21 

April 30 10 0 

October 31 5 0 

November 22 15 0 

December 23 29 6 

Total 123 142 71 

Table 2. Number of days with t ≤ -15°C, t≤ -10°C, t ≤-5°C, t ≤ 0°C, t ≤ 5°C, in the night 

time, accordingly 

Year Number of days 

t ≤ -15°C t≤ -10°C t ≤-5°C t ≤ 0°C t ≤ 5°C 

2015 3I 

3/0.008 

5I+1F+ 

6/0.016 

7I+10F+5D 

22/0.060 

29I+19F+10M

+1A+1O+6N+

22D 

88/0.24 

31I+28F+31M+17

A+17O+20N+30D 

174/0.48 

2016 3I 

3/0.008 

11I+2D 

13/0.03 

18I+1F+2N

+12D

33/0,093 

27I+12F+8M+

17N+28D 

92/0,25 

31I+26F+28M+7A

+23O+28N+29D 

172/0.47 

2017 4I 

4/0.1 

13I+3F 

16/0.043 

20I+12F+0

M+0A+0O+

0N+1D 

33/0.093 

31I+22F+4M+

1A+0O+3N+1

7D 

78/0.21 

31I+28F+29M+20

A+11O+24N+29D 

172/0.47 

2018 1 

1/0.003 

6I+4F+4M

+1N+2D

17/0.046 

14I+6F+13

M+8N+8D 

49/0.13 

24I+26F+20M

+1A+3O+19N

+28D

121/0.33 

31I+28F+24M+3A

+6O+21N+31D 

144/0.0.39 

2019 0 

0/0 

2I 

2/0.005 

22I+4F+1M

+2N+ 5D

34/0.09 

28I+16F+9M+

1O+10N+18D 

82/0.22 

31I+28F+24M+10

A+5O+15N+29D 

142/0.39 

Note: I-January; F-February; M-March; A -April; O-October; N-November; D-December. A/B, where 

A is the number of days corresponding to the atmospheric temperature (-15; -10; -5; 0; 2; 5), while 

B - 365 days a year 
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Figure 4. Law on the Distribution of Atmospheric Temperature F(t) 

and Its Approximation Theoretically, these graphs can be expressed analytically 

by four linear functions in the following intervals (A - B; B - C; C - D and D - E): 

The linear function has the form: 

(1) 

or 

(2) 

 For the interval (A - B):

*A (-15; 0.01)

*B (-10; 0.04)

F(t)=a+b∙t

*A   0.01=a-15·b

*B   0.04=a-10·b

We subtract the first function from the second and obtain:

-0.03=0-5·b;     0.03=5·b; b=0.006 

0,01=a-15·0.006;    0.01+0.009=a;      a=0.1     

For -15 ≤ t°С ≤ -10  

F(t)=0.1+0.006·t 
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 For the interval (B – C):

*B (-10; 0.04)
*C (-5;0.1)
F(t)=a+b∙t
*B  0.04=a-10·b;
*C  0.1=a-5·b;
-0.06=0-5·b;       0.06=5·b;          b=0.012
0.04=a-10·0.012;   0.04=a-0.12;   a=0.16
For -10< t °С ≤ -5
F(t)=0.16+0.012·t

 For the interval (C – D):

*C (-5; 0.1)
*D (0; 0.25)
F(t)=a+b∙t
*C  0.1=a-5·b
*D  0.25=a+0·b;       a=0.25 
0.1=0.25-5;      -0.15= -5·b;      b=0.03 
For -5 <  t °С ≤ 0
F(t)=0.25+0.03·t

 For the interval (D – E):

*D (0; 0.25)
*E (5; 0.41)
F(t)=a+b·t
*D   0.25=a+0·b;  a=0.25
*E   0.41=a+5·b;
0.41=0.25+5·b;  0.16=5·b;  b=0.032
For 0 < t °С ≤ 5
F(t)=0.25+0.032·t

Thus, the fragment of the law on the distribution of atmospheric 
temperature from -15°C to 5°C is expressed by four linear functions: 

F(t)=0.1+0.006·t; for -15 ≤ t °C ≤ -10 
F(t)=0.16+0.012·t; for -10 < t °C ≤ -5 
F(t)=0.25+0.03·t; for -5 < t °С ≤ 0 
F(t)=0.25+0.032·t; for 0 < t °С ≤ 5 

Since the value F (t) = 1.0 corresponds to the duration of one year 
(8760 h) for the whole distribution law F (t), then for the fragment indicated 
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in Fig. 4, at tmax = +4 °C, (because t <5 °C), the value corresponds to the 
time interval equal to: 

 h or 149 days 

Next, we determine the energy saving ΔW, when the operation of the 

refrigeration installation (Fig. 5b) is not required for the atmospheric 

temperature t ≤ 4 °С and only the installation with natural cold is used 

(Fig. 5b). 

(4) 

(5) 

where: 

P refr.inst. – refrigeration installation power (P refr.inst.= 2.5 kW); 

τ- duration of operation of the refrigeration installation within 24 h, 

(τ = 3 h); 

N- number of days with t ≤ 4 °С, (N = 149 days);

C- cost at 1 kW/h (MDL 1.89);

Ctotal - total cost for energy electric using the installation with natural

cold. 

At the same time, considering that water cooling in installation with 

the natural cold from the refrigeration installation (Fig. 5c) for t>4°C from 

22.00 to 6.00 in the warm season takes place with a reduced energy price 

ratio equal to 0.6 according to ANRE, we have a saving of 40%: 

  (6) 

(7) 

Water cooling from 22.00 to 6.00 in the natural cooling system from 

the refrigeration system allows reducing the productivity of the refrigeration 

system by 2.7 hours (8h /3h). 

(3)
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Thus, we are able to reduce the energy consumption of the refrigeration 

system by about 2.7 times. Currently, the refrigeration installation at the training 

and experimental complex of the State Agrarian University of Moldova has an 

electric power of 2.5 kW and could be reduced to 0.92 kW. 

Figure 5. Cooling of Milk Using Artificial Cold (a), Natural Cold with a Water 

Accumulator (b), and Artificial Cold with a Refrigeration Installation and Water 

Accumulator (c): 

IF - refrigeration installation; A - water accumulator; R – flow-through cooler; RL – milk 

storage tank; t – atmospheric temperature. 

These researches reflect in particular the general methodological 

difference of the modern approach to engineering calculations, which is 

examined in Professor R. M. Slavin’s works, in which the probabilistic 

numerical characteristics, probability density and random-variable distribution 

law are used instead of classical, determining numerical parameters of the 

process (average, minimum and maximum value of the parameter). 

4. Conclusions

1. The main advantages of using water accumulators together with

refrigeration installations are: 

- saving energy and water;

- ensuring a high operating reliability of cooling systems as a result

of cold accumulation in accumulators, with simple maintenance and repair; 
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- possibility of using the night tariff for energy consumption, which

is lower by 40%; 

- lower cost price for cold accumulation;

- improving the ecological situation by reducing the amount of freons

and freon oils used. 

2. The use of the combined installation (refrigeration installation and

natural cooling installation) to cool milk allows reducing the electric power 

of the refrigeration installation by 2.7 times and reducing the energy 

consumption by MDL 3340. 

3. The law on the distribution of atmospheric temperature F(t) and its

approximation for the center of the Republic of Moldova was obtained based 

on the analysis of regular weather data for the last five years. The researches 

reflect in particular the general methodological difference of the modern 

approach to engineering calculations, in which the probabilistic numerical 

characteristics, probability density and random-variable distribution law are 

used instead of classical, determining numerical parameters of the process 

(average, minimum and maximum value of the parameter). 
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