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ABSTRACT 

 

Ethylene glycol is used as a secondary refrigerant to transfer heat from the ice-

cream mixed to a heat exchanger where the heat is absorbed by a primary refrigerant (R22) in 

automatic ice-cream bar machine (Fremark1100). By observing an ice-cream bar production in 

this case study, it was found that the specific gravity of ethylene glycol decreased from 1.085 to 

1.074  at 15 C for every 72.89 hours production time. At this period, 21% of ethylene glycol was 

replaced with new one resulting in the high production cost. The why-why analysis method was 

used as the problem analysis tool in order to examine the root cause of the investigated problem 

and determine the appropriate plan for efficiency improvement. From the analysis, it was shown 

that the contamination of water into the brine system was the major factor reducing concentration 

of ethylene glycol. Two improvement approaches which were (1) developing equipments and 

cleaning method for preventing water contamination into the brine system, and (2) evaporation of 

used ethylene glycol to recover it for reuse. The results showed that the water contamination was 

decreased and the cycle time was increased up to 78.23 hours. In conclusion, the efficiency of 

ethylene glycol was increased 7.33% leading to the reducing of ethylene glycol cost 45,645

Baht/month, which equals to 32.21% cost reduction.  
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Table 1  

Table 1.    Type of  ice-cream bar products 

No. Type of products Product Name 

1 Water ice Cola Jubb 

China Buai 

Fruit Punch  

Lam Yai 

Makarm 

O-Leang 

Chao Gouy 

  Gummy Yelly 
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Table 1.    (Cont.) 

No. Type of products Product Name 

2 Modified ice-cream with fruit mixture  Oriental Corn 

(Oriental) Oriental Black Bean 

Oriental Green Bean 

  Oriental Black Sticky Rice 

3 Milk ice-cream with  jelly stuffed or with coat Chocomilk 

Tea Pop 

Som Paen 

Pinky Ice 

  Dip & Chip  

 1.2  

Figure 7  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Ice-cream bar production process in this case study 
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Figure 9. Total cost of ice-cream production process of case study (not including raw material 

cost and packaging cost) (January - March 2009) 
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Table 2  

Table 2.  Average usability of ethylene glycol solution per cycle for hardening the ice-cream 

bars production process from January to July 2009 (Before improvement) 

Usability of EG solution Average value (per cycle) 

Working time of  EG solution (hr.) 72.89 

Cycle time of  EG solution (hr.) 132.23 

Reducing of specific gravity of  EG solution 0.011 

Specific gravity of EG solution (at 15oC) 

   - Start 1.085 

   - Finish 1.074 

Product  types  8 

Amount of finish products (kg.) 18,527.15 

Amount of pure EG replaced in the system (kg.) 663.75 

Cost  of pure EG (Baht) 43,634.93 

Table 2 
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Table 3.  Analysis of relationship between the working time and the reducing of specific gravity 

of ethylene glycol solution 

No. 
Working time (hr.) Reducing of S.G. of  EG  

X2 Y2 XY 
X Y 

1 80.50 0.011 6480.25 0.0001 0.8855 

2 68.60 0.009 4705.96 0.0001 0.6174 

3 84.50 0.010 7140.25 0.0001 0.8450 

4 62.12 0.008 3858.48 0.0001 0.4969 

5 55.50 0.008 3080.25 0.0001 0.4440 

6 88.67 0.013 7861.78 0.0002 1.1527 

7 57.40 0.010 3294.76 0.0001 0.5740 

8 58.33 0.008 3402.78 0.0001 0.4667 

9 80.37 0.012 6458.80 0.0001 0.9644 

10 66.17 0.008 4378.03 0.0001 0.5293 

11 69.93 0.012 4890.67 0.0001 0.8392 

12 81.17 0.015 6588.03 0.0002 1.2175 

13 65.50 0.011 4290.25 0.0001 0.7205 

14 71.25 0.012 5076.56 0.0001 0.8550 

15 50.50 0.008 2550.25 0.0001 0.4040 

16 106.00 0.011 11236.00 0.0001 1.1660 

17 50.62 0.007 2562.38 0.0001 0.3543 

18 72.50 0.011 5256.25 0.0001 0.7975 

19 94.00 0.014 8836.00 0.0002 1.3160 

20 94.25 0.014 8883.06 0.0002 1.3195 

Total 1457.87 0.212 110830.79 0.0024 15.9654 
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0.05 

  2.3.2 
 

7  

Table 4 

Table 4.  Analysis of relationship between type of products and the reducing of specific gravity 

of ethylene glycol solution (Average per cycle)  

No. Products name (Types) 
Average production  Average reducing of 

time (hr.) S.G. of  EG S.G. of EG (per 8 hr.) 

1 Cola Jubb 9.76 0.001 0.001 

2 China Buai 9.20 0.001 0.001 

3 Fruit Punch 8.75 0.001 0.001 

4 O-Leang 8.12 0.001 0.001 

5 Gummy Yelly 8.92 0.001 0.001 

6 Oriental Corn 6.35 0.001 0.001 

7 Oriental Black Bean 9.31 0.001 0.001 

8 Oriental Green Bean 8.02 0.001 0.001 

9 Oriental Black Sticky Rice 6.95 0.001 0.001 

10 Chocomilk 8.21 0.001 0.001 

11 Tea Pop 7.62 0.001 0.001 

12 Som Paen 6.99 0.001 0.001 

13 Pinky Ice 9.57 0.001 0.001 

14 Dip & Chip 6.44 0.001 0.001 
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Table 5.  Results of specific gravity at different concentration of ethylene glycol solutions

(Laboratory) 

Concentration of   Volume (ml.) Specific  gravity  of  ethylene  glycol  at  15 C 
Average 

EG (%by volume) EG H2O 1 2 3 4 5 

0 0 500 1.0000 1.0000 1.0000 1.0000 1.0000 1.000 

10 50 450 1.0100 1.0100 1.0110 1.0110 1.0110 1.011 

20 100 400 1.0240 1.0230 1.0240 1.0240 1.0240 1.024 

30 150 350 1.0370 1.0370 1.0370 1.0360 1.0370 1.037 

40 200 300 1.0500 1.0500 1.0480 1.0500 1.0490 1.049 

50 250 250 1.0620 1.0620 1.0620 1.0620 1.0620 1.062 

60 300 200 1.0780 1.0780 1.0780 1.0770 1.0780 1.078 

70 350 150 1.0880 1.0880 1.0880 1.0890 1.0880 1.088 

80 400 100 1.1000 1.1000 1.1000 1.1000 1.1000 1.1000 

90 450 50 1.1083 1.1083 1.1083 1.1083 1.1083 1.1083 

99.9 500 0 1.1166 1.1166 1.1166 1.1166 1.1166 1.1166 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10  The specific gravity (at 15 C) at different concentration of ethylene glycol solution       

(%by volume) (Laboratory) 
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Table 5 Figure 10 

99.9 ( ) 

   

Figure 11 
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Figure 11  The cycle time and specific gravity (at 15 C) of ethylene glycol solution used in the 

ice-cream bars production process (Before improvement) 

Figure 11 

Fremark1100 

Figure 10 



59 

 

3. 
 

 3.1 
 Fremark1100 

99.9 ( )

99.9 ( ) 

Cause and Effect Diagram Figure 12 

-
Why-why Analysis Figure 13  
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Figure 12  

(1)  (Man) 

Fremark1100 

99.9 

 

 

2   (Method) 
Fremark1100 

Fremark1100 

99.9  
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(3) Machine  
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(4) Material  
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99.9 

99.9 ( ) 

-  

(Why-why Analysis) Figure 13   
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Figure 13  
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( Figure 14)  
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Defrosting unit The ice inside brine tank  

Dropping of water on the gutter The ice inside brine tank  

Moisture in the atmosphere contaminated  

into the open system 

The ice on cooling coil  

Figure 14. Example of water contamination from several sources 

Fremark1100 

99.9 ) 

132.23 

99.9 )  
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Table 6 

Fremark1100 7 

24 

8   

Table 6. Amount of water contamination from the gutter and the cooling coil on center of 

Fremark1100 machine (Before improvement) 

No. 
Amount of water from melting of ice 

(kg. per day) 

1 1.230 

2 0.997 

3 1.032 

4 1.257 

5 1.104 

6 0.961 

7 1.545 

Average 1.160 

 

Table 6 

Fremark1100 

 Fremark1100 1.160 

2 

1.160 
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Figure 10

Fremark1100 9 252 

251.77  

Fremark1100 1 

132.23 251.77 

45.70 

 
Table 6 

1.1608 

Fremark1100 

 Fremark1100 

45.70 -1.1608  =  44.54   

 3.2 
Fremark1100   

99.9  14.36  

3.1

Fremark1100  2  
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Defrosting Unit
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  3.2.6 
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3,000  
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  3.2.8  

99.9 

663.75  

99.9 

 

Boiler 1 
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99.9 ( ) 
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Reuse Ethylene Glycol

Fremark1100  

4. 
 

3.2

 Table 7   

Table 7. Evaluation of improvement options 

No. Improvement  options 
Evaluation  results 

Select Not select 

1 Adjusting the production  plan to produce  one product  type per day  

2 Improving the  cleaning method  for  the  Fremark1100  machine  

3 Constructing  the  equipment  for  protecting  water  contamination 

from  cleaning  the Fremark1100  machine 
 

 

4 Improving the  defrosting  unit  of  Fremark1100  machine  

5 Adjusting the angle of gutter under the direct  refrigerant  tube above  

the  Fremark1100  machine 
 

 

6  Reducing  water  contamination  from  melting  of  ice  inside the  

Fremark1100  machine  
 

7 Protecting  moisture  in  the  atmosphere   

8 Dewatering  used  ethylene  glycol  solution by  the  evaporation 

technique 
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Table 7 

4 

2   

(1) 

Fremark1100 3    

   

 

  

 
 Fremark1100  

3 

3  

 
(2)  

3 (2539

99.9 ( ) 

 
Muhammad 2005

 
Jehle  1994   

Evaporation
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Pervaporation

Reverse Osmosis Distillation

 60 - 80 

Thin Film Evaporation) 

99.50 

0.05   

 

Reuse Ethylene Glycol

100 110  

800 1.073 15 

 100  110  

1 

99.9 

3 Table 8   

Table 8. Specific gravity of ethylene glycol solution from evaporation (Laboratory) 

Temperature 

C  

Specific gravity of  ethylene glycol solution at time (min.) 

0 60 120 180 240 300 360 

100 1.073 1.079 1.087 1.094 1.1083 1.1166 1.1166 

110 1.073 1.091 1.1083 1.1166 1.1166 
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Table 8   

800  100  300  110

 180  

99 Reuse Ethylene 

Glycol 1.1166 ( 20 

- pH 7.31  -15 

99.9

1.1166 ( 20 - pH 7.36  

 -13 Figure 15  

 

 

 

 

 

 

 

 

Figure 15. The example of reuse ethylene glycol from evaporation and commercial ethylene 

glycol (Laboratory) 

99.9 (

- Melting Point

99.9  

 

 

 



78 

 

5.  

 5.1 
 Fremark1100  3   

(1) Fremark1100 

    

 Fremark1100  

 

           

4   

 

 
 

 
 

 
  200  ppm 

 
4  

 

Fremark1100 

  Figure 16 
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19   2553  

20   2553 

 

 

 

 

 

 

 

 

 

 

 
 

Before      After 

Figure 16. Cleaning method improvement (the example for cleaning in stick feeding station) 

(2  

 

2  

 Fremark1100

 Fremark1100  Figure 17 
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Before After 

(a) Stick feeding station 

Before After 

(b) The ice-cream mixed filling station 

Figure 17. Equipments for protecting water contamination at stick feeding station (a) and the     

ice-cream mix filling station (b) 

(3) 

Fremark1100 

 Fremark1100 

 

 Fremark1100  
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Figure 18 
 

Before After 

 

 

 

Figure 18. Adjust the angle of gutter (undering the direct refrigerant tube) above Fremark1100 

machine for protecting water contamination 

Table 9 

Table 9. Average amount of water contamination from the gutter and the cooling coil on center 

of Fremark1100 machine before and after improvement 

No. Water contamination 
Average amount of water (kg. per day) 

Before After 

1 Dropping from the gutter and melting of the ice 

at cooling coil 

1.1608 

 

0.9214 

 

2 Other source (Show in the appendix) 44.54 41.41 

Total 45.70 42.33 
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Table 9 

Fremark1100 1.160 0.9214 

 

 5.2  
 300   

  5.2.1 300   

300  300  

85 - 95 Figure 19

15

1  

1.1166   20  

1.000 - 1.200 

Table 10  
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Figure 19. Equipment of pasteurizer tank for evaporation of water from ethylene glycol solution 

Table 10. Evaporation rate of water from used ethylene glycol solution  

Hours. 
Volume of EG solution (liter) Specific gravity of Evaporation rate 

Begin End EG solution (liter/hr.) 

1 300 290 1.0740 3.17 

3 290 276 1.0800 4.76 

6 276 262 1.0820 4.76 

9 262 247 1.0840 4.76 

12 247 238 1.0850 3.17 

15 238 228 1.0880 3.17 

18 228 219 1.0930 3.17 

21 219 209 1.0940 3.17 

24 209 201 1.1083 2.76 

27 195 189 1.1166 1.89 

30 189 188 1.1166 0.45 

31 188 187 1.1166 0.33 

 

Propeller stirrer 

Used ethylene glycol solution 

Pasteurizer Tank 300 liter 
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Table 10 

4.76 11 

1.000 - 1.100 1.074 1.085 

15 

 27 

1.000 - 1.200 20 1.1166 

31 

 
Reuse Ethylene Glycol

0 - 100

99.9 

Figure 20  

 
 

 

 

 

 

 

 

 

 

Figure 20. Comparison of specific gravity of the commercial and reused ethylene glycol solutions 

 Figure 20 
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Figure 20

(0 - 100 ) 

99.9 (

99.9  1.074 15 
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 300 321.91   

174  186.71  126   135.20   

126 135.20 

300 321.91 

 348,390.12  2) 
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 5.2.2.2    

  (1)  

2.2  8 

3 -  

17.60 -  (8 )  

52.80  1  200 

 252.80  
 126 

300  

99.9  174  

 4 8 

1,011.20   200 

1   1,162.30   

    

1 8,000 10 

2,909.09 1.1 135.30 

2,909.09 × 135.20 8,000 = 49.16 

49.16 × 1.1 =  54.08 1 

174 

99.9 1 73.96 2551

 200  

1 0.31 

1 200 × 0.31 = 62  
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6.  

 

 6.1  

72.89 78.23 Figure 21

2 

Fremark1100 
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Fremark1100 3.37 

20.22 
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Figure 21. Comparison of the cycle time of the ethylene glycol solution before and after 

improvement 

 6.2  

Fremark1100 

99.9 ( ) 

99.9 

( ) 141,705  92,388 34.80 

99.9 ( ) 10 7 

30  Table 11 Figure 22 

Table 11. Comparison of ethylene glycol cost and amount of ethylene glycol before and after 

improvement (Average per month) 

Improvement 

(Year) 

Ethylene glycol cost  Amount of EG  Percentage 

(Baht) (Tank) (%) 

Before (2009) 141,705 10 100.00 

After (2010) 92,388 7 65.20 

Difference value 49,318 3 34.80 
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99.9 ( )   

 

 

2  
(1)  

Fremark1100   
(2) 

 

Fremark1100 

Fremark1100 45.70 42.33 
3.37 

72.89 78.23 7.33  

99.9 ( ) Reuse Ethylene 
Glycol 126  135.20 

348,390.12 

Reuse Ethylene Glycol 200 1 1,224.30  
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Fremark1100  

99.9 

99.9 10 2,250  7 1,575 
 30 

99.9 141,705 92,388 
34.80 

3  3,672.90 
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32.21  
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    - - pH Meter  

    -  100  1,000  

    -   1,000  

    -  1,000  

    - 1,000   

  2.2  

(1) 
Fremark1100 1,000   

(2)  
Fremark1100  
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(3)  
12 

 
(4)  1.000 - 1.1000 

 

15 

 

Fremark1100
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1   

 

 1.  

-  300   

- 99.9 ( ) 3,000  

-  3,000  
- Hot Plate) HTP-1002 LMS 1  
- (Digital Thermometer)   1  

-  1  

-    
 Specific Gravity Hydrometer    1.000 - 1.100  1  
                            1.000 - 1.200 1  

-  1  

- -  1  
-  3,000  1  

-   1  

-     1  

   300      

    
- Whatman 1 2  
- 250 1,000  4  

-   100 800  6  
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-  1,000   2  
- 10 25   4  
- 500  1  
- 600  30  
- 800  10  
-  1  

 2.  

1  0 - 100 ) 

99.9 C2H6O2  

(1) 0 - 100 

 5  1 ( )  

 

M1V1 = M2V2 

 M1  =   

 V1   =   

 M2  =   

 V2   =   
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1  0 - 100  

  (ml.) 

(% ) EG(99.9%)  
0 0 500 

10 50 450 

20 100 400 

30 150 350 

40 200 300 

50 250 250 

60 300 200 

70 350 150 

80 400 100 

90 450 50 

99.9 500 0 

(2) 99.9 ( ) 

1  500 

  

 

(3)  

   

-25  

4) 

12 

500 

15 

1.000 - 1.100 20 

1.000-1.2000
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5  1-4 3 

 

2   

(1) 

300 300 

 

 
(2) 

85 - 95

15

1   

(3) 

1.1166 15

3,000  

4) 3,000 

0 - 100 

99.9  (

1) 
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1.  

Figure 10

1.085 15 

67 

1.074 15 

58 67  

58 9  

9  

 100    9   

 2,800  9 × 2,800   =   252  

        100         

Robert 1972 999.10 

( 15 )  

 

   =      

     
 

 = 1,000 × 252  =  251.77  

                                                999.10 

252  

251.77  

Fremark1100 1 

132.23 

251.77  

 132.23    251.77     

 24           251.77 × 24  =  45.70    

                                               132.23 
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Table 6 

1.1608 

Fremark1100 

 Fremark1100 

45.70 -1.1608  =  44.54   

2.  

300 

25 

1.000 - 1.100 ( 15 1.074 

100 

1.000 - 1.200 15 

1.1166  

1 15  
1.074 (

15 Robert, 1972

15 999.10 kg/m3

 

 
              =                 

        

 

 =  1.074 × 999.10   kg/m3 

                 =  1,073.03   kg/m3 

15 

1,073.03 kg/m3  

 1,000    1,073.03    
 300   1,073.03 × 300  =  321.91    

         1,000 
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300 321.91    

2 

 

Figure 20

(0 - 100 ) 

99.9 (

99.9  1.074 15 

58  

 100    58       42  

 300      174  126  

 

  321.91   174 × 321.91   =   186.71  

                         300  

        126 × 321.91  =   135.20    

                                          300 

321.91  

186.71   135.20  

126 135.20 

300 321.91 

 

 Q    cal)  

m    g  

c       4.19 kJ/kg. K 1 cal/g oC  

Dt   (oC  

L  540 cal/g 
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 =   Q1 + Q2                 

1 25 100 

 

 

Q1  =  mcDt                  

=  135.20 kg × 4.19 kJ/kg K × 75 K 

=  42,486.60 kJ 

         \Q1  =  42,486.60  kJ 

25 100 

42,486.60  

2 

 

 

Q2  =  mL  

=  135.20 kg × 540 cal/g      

=  135,200 g × 540 cal/g 

=  73,008 kcal × 4.19 J 

=  305,903.52      kJ 

         \Q2  =  305,903.52      kJ 

 

 

EG (liquid) 300 liter 
T = 25oC 

S.G. = 1.074 @15oC 

 

EG (liquid) 300 liter 

T = 100oC 

Concentrate of EG (Reuse) 

T = 100oC 

S.G. = 1.1166 @20oC 

Q1 = mcDt Q2 = mL 
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 =   Q1 + Q2 

                  =           42,486.60  kJ + 305,903.52  kJ 

                  =   348,390.12         kJ 

348,390.12

135.20  

3.   ( ) 

2.2  8 

3 -  200 

 

 

=  
    =   2.20   ×  8  

        \   =   17.60   -    

  =    3    
  =   17.60 × 3    =   52.80  

        \  =  +   

= 200 + 52.80    

= 252.80    

  252.80  

 126 

300  

99.9  174    

4 8  252.80 4 = 

1,011.20   200 1 

  (1,011.20 × 200)÷174  =  1,162.30   
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 5111020012 

 
    
   2549 
   

( ) 
 

 
 

2553.  
. 

19 
23-24 2553. 1368-1377. 

 
 
 


